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Aqueous iron(ll) ions, Fe?*(aq), are usually kept in acidic conditions to prevent them readily
oxidising to aqueous iron(l1l) ions, Fe3*(aq).

Fe2*(aq) ions react with Ag*(aq) ions in a redox reaction. The following equilibrium is established.
Fe’*(agq) + Ag*(aq) <=  Fe¥(aq) + Ag(s)
The concentration of Fe?*(aq) at equilibrium can be found by titration with a standard solution

of aqueous potassium manganate(VII), KMnO,(aq). KMnO,(aq) is deep purple in colour. The
equilibrium constant for the reaction can be found using the following equation.

i [Fe*(@)]eqm
c T FeP(@q)lugm x AT @] oqn

A student carries out the experiment using the following instructions.

step 1  Add 100.0cm? of 0.200 moldm~—3 AgNO,(aq) to 100.0 cm? of 0.200 moldm=3 Fe(NO,),(aq)
in a 500cm? conical flask and stopper the flask. Label the conical flask A.

step 2 Leave conical flask A for four hours, shaking intermittently. Then leave conical flask A
untouched for one hour.

step 3 Use a pipette to transfer 25.00cm® of the solution from conical flask A into a clean
250cm? conical flask. Label this conical flask B.

step 4 Add 5cm? of 1.00moldm=3 NaCl(aq) to the solution in conical flask B. A white precipitate
of silver chloride forms.

step 5 Use a measuring cylinder to add 20 cm? of 1.00 moldm=2 sulfuric acid to conical flask B.

step 6 Rinse a burette and fill it with a standard solution of KMnO ,(aq).

step 7 Add KMnO,(aq) to the mixture in conical flask B until an end-point is reached.

step 8 Empty conical flask B and rinse it with distilled water ready for the next titration.

The student repeats the titration until concordant readings are achieved.

(@) The student records their results in Table 1.1.

Table 1.1
rough titration 1 | titration 2 | titration 3
final burette reading/cm? 10.60 20.35 30.25 9.85
initial burette reading/cm3 0.10 10.70 20.35 0.10
titre/cm?3
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(i) Complete Table 1.1. [1]
(if) Calculate a suitable mean titre to be used in the student’s calculations.

Show clearly how you obtain the mean titre.

mean titré = ........c.ocoecveveevenennne. cmd [1]

(b) State what is meant by a standard solution in step 6.

............................................................................................................................................. [1]
(c) (i) Suggest why conical flask A is left for four hours in step 2.
..................................................................................................................................... [1]
(i) Suggest why conical flask A is not shaken during the final hour in step 2.
..................................................................................................................................... [1]

(d) Suggest why a measuring cylinder is the most appropriate apparatus to use for measuring
sulfuric acid in step 5.

(e) State what the burette should be rinsed with in step 6.

(f) State the change of colour seen in the mixture in conical flask B at the end-point in step 7.
FrOM o (0 [1]

() The student repeats the experiment using KMnO ,(aq) at a lower concentration. The student
obtains a larger mean titre.

Suggest one reason why a larger titre is better than a smaller titre.
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(h) The equilibrium is shown.

Fe?*(aq) + Ag*(aq) — Fe3*(aq) + Ag(s)

When another student carries out the titration with 0.0200 moldm=3 KMnO,(aq), the mean
titre is 21.10cm3.

The ionic equation for the reaction between MnO,~(aq) and Fe2*(aq) is shown.

(i)

(i)

(iii)

(iv)

© UCLES 2023

MnO,~(ag) + 8H*(ag) + 5Fe?*(aq) —> 5Fe3'(aq) + 4H,O() + Mn?*(aq)

Calculate the concentration of Fe2*(aq) in the equilibrium mixture.

1A CTe) ) mol dm=3 [2]

eqm ~

Suggest why it is not necessary to measure the concentration of Ag*(aq) ions in the
equilibrium mixture experimentally.

Determine the decrease in concentration of Fe2*(aq) from the initial solution. Hence,
determine the concentration of Fe3*(aq) in the equilibrium mixture.

If you were unable to obtain an answer to (h)(i), use [Fe2+(aq)]eqm = 0.0804 moldm™3.
This is not the correct answer.

[Fe3+(aq)]eqm T s mol dm=3 [1]

Determine the value of K. Include units in your answer.
K = e,
UNItS = oo,
[2]
[Total: 15]
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2 The reaction between iodide ions, I7(aq), and aqueous hydrogen peroxide, H,0,(aq), takes place
in acidic conditions.

reaction 1 217(agq) + H,0,(aq) + 2H*(aq) - I,(@q) + 2H,0()
A student carries out a series of experiments to investigate the order of reaction with respect to
the concentration of 17(aq) ions. The student does this by measuring the time taken for a fixed

amount of iodine to form.

A known amount of aqueous thiosulfate ions, 82032‘(aq), in the reaction mixture react with I,(aq)
formed in reaction 1.

reaction 2 I,(aq) + 2S,0,%(aq) —> 2I7(ag) + S,0.%(aq)

After all of the 82032—(aq) ions have reacted in reaction 2, any further I,(aq) formed is detected
using starch indicator.

The following materials are used:

e 50cm?3 beaker containing the correct mass of solid potassium iodide crystals needed to make
250.0cm?® of 0.100moldm=2 Kl(aq)

e 0.100moldm~3 Na,S,0,(aq)

e 0.100moldm=3 H,0,(aq)

e 0.200moldm=3 H,SO,(aq)

e starch indicator

e (distilled water.

(@) A second student looked at the equation for reaction 1 and stated the order with respect
to the concentration of 1=(aq) ions must be second order because the balanced equation
contains 21~(aq).

Suggest why a balanced equation alone cannot be used to determine the order of a reaction.

(b) Describe how the student makes 250.0 cm? of 0.100 moldm=2 Kl(aq) starting from the sample
of solid potassium iodide in the 50cm? beaker.

Give the name and size of any key apparatus used. Describe how the student ensures the
volume is exactly 250.0cmq.

You may wish to write your answer using a series of numbered steps.
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(c) The student carries out Experiment 1 using the following steps.

step 1
step 2
step 3
step 4
step 5
step 6

step 7

Add 25cm?3 of 0.200moldm= H,SO,(aq) to a conical flask.

Add 20.00cm? of distilled water to the conical flask from a burette.

Add 5.00cm?3 of 0.100moldm=2 Kl(aq) to the conical flask from a burette.

Add 5.00cm? of 0.100 moldm~3 Na,S,0,(aq) to the conical flask from a burette.
Add 2cm? of starch indicator to the conical flask.

Use a burette to add 10.00cm?3 of 0.100 moldm=3 H,0,(aq) to a small beaker.

Add the contents of the beaker to the conical flask and start a timer immediately.
Stop the timer when the starch indicates the presence of 1,(aq).

The student carries out a further six experiments by repeating steps 1 to 7, using the volumes
shown in Table 2.1.

Table 2.1
experiment | volume of | volume of | volume of volume of volume of | time taken
H,SO,(aq) distilled Kl(aq), V | Na,S,04(aq) | indicator for colour
/em3 water /cm3 Jem?3 /em3 change, t
/cm3 Is
1 25 20.00 5.00 5.00 2 257
2 25 17.50 7.50 5.00 2 120
3 25 15.00 10.00 5.00 2 112
4 25 12.50 12.50 5.00 2 76
5 25 10.00 15.00 5.00 2 1
6 25 5.00 20.00 5.00 2 59
7 25 0.00 25.00 5.00 2 44

(i) State how the student could improve the reliability of the experiment.

(if) State the independent variable in Experiments 1 to 7.

(iii) In Experiment 5, the starch indicator changed colour immediately on adding H,O,(aq).
The student realised an error had been made.

Suggest which step was missed in Experiment 5.
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(d) The rate equation is represented as rate = k[I17]".

© UCLES 2023

[I7] is proportional to the volume of Kl(aq)
n is the order of reaction with respect to I~
rate is proportional to 1/t

log (rate) = logk + nlog[1]

Use the results from the student’s experiments in (c) to complete Table 2.2.

V is the volume of Kl(aqg) and t is the time taken for the colour to change.
Give all values to three significant figures.

The results for Experiment 5 should not be used.

Table 2.2
experiment V/cm? t/s logV log(1/t)
1 5.00 257
2 10.00 120
3 12.50 112
4 15.00 76
5 17.50 1 X X
6 20.00 56
7 25.00 44

9701/52/FIM/23
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(i) Plot a graph on the grid to show the relationship between logV and log (1/t). Use a cross
(x) to plot each data point. Draw a line of best fit.

-1.60

-1.80

—2.00

log (1/t)

-2.20

-2.40

—2.60
0.60 0.80 1.00 1.20 1.40

logV

[2]
(iii) Atiming error caused the most anomalous point on the graph.

Circle this point and explain the error in timing which led to this point.
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(iv)

(v)
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Use your graph 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 the gradient to two decimal places.

coordinateS 1 .....coovvvvveeniiiiienennn, coordinateS 2 ....ooevvveeeiiiieiiieeenn

gradient = .......cccccvvvviiniinnnnn,
The total percentage error from measurements is determined to be 5.25%.
The true order of reaction is 1. Use this and your gradient from (d)(iv) to determine

whether the error in the experiment could be accounted for by error from measurements
or is caused by other factors.

Show any working.

[Total: 15]
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Important values, constants and standards

molar gas constant R =8.31JKImol
Faraday constant F =9.65 x 10*Cmol!
Avogadro constant L = 6.022 x 10%3mol!
electronic charge =-1.60 x 1071°C

V. =22.4dm3*mol~ at s.t.p. (101kPa and 273K)
V,,, = 24.0dm3mol~! at room conditions

K,, = 1.00 x 10~ 4mol>dm=® (at 298K (25°C))

molar volume of gas

ionic product of water
specific heat capacity of water c=4.18kJkg~tK™1 (4.18JgtK™)
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