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1 The Faraday constant is the charge in coulombs, C, carried by 1 mole of electrons.
(a) A student plans an electrolysis experiment to determine the Faraday constant.
The student was supplied with the following.

1.0mol dm=2 copper(Il) sulfate

clean, dry copper foil electrodes, labelled ‘anode’ and ‘cathode’
balance

stop-clock

ammeter

other equipment suitable for carrying out electrolysis

Draw a labelled diagram of the apparatus and chemicals the student should use in their
electrolysis experiment. Include in your diagram the circuit connecting the anode and cathode.

[2]
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(b) Two of the hazards of using copper(Il) sulfate solution are given below.

For each hazard, state a precaution, other than eye protection and a lab coat, that the student
should take when carrying out the experiment.

hazard: copper(Il) sulfate solution causes skin irritation

precaution

hazard: copper(Il) sulfate solution is toxic to aquatic life

precaution

The student carried out the electrolysis for exactly 30 minutes with a current of 0.5A.

e After the electrolysis was finished, the student removed the electrodes.

e The electrodes were then carefully washed in water and then dipped in propanone.
e The electrodes were dried by allowing the propanone to evaporate.

(c) State the measurements the student would need to record to calculate the mass change of an
electrode. Include the appropriate unit.

[1]
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(d) Calculate the charge passed through the copper(Il) sulfate solution during the electrolysis
experiment using the formula shown.

charge (C) = current (A) x time (s)

charge passed = .........cccovveeeeeeennns C M

(e) The mass change of the anode was —0.282g.
Calculate the amount, in mol, of copper lost from the anode. Give your answer to 3 significant

figures.
[A: Cu, 63.5]

moles of copper lost from the anode = ............................. mol [1]

(f) Use your answers to (d) and (e) to calculate the charge required to remove 1 mole of copper
from the anode.

charge required to remove 1 mole of copper=................cccooee. C M

(g) The theoretical charge required to remove 1 mole of copper from the anode into solution as
copper(Il) ions is 193000 C.
The Faraday constant is 96 500 C mol'.

Explain why the theoretical charge is twice the Faraday constant.
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(h) A possible source of error is not drying the anode at the start of the experiment.

Explain the effect, if any, on the calculated value of the Faraday constant if the anode is wet at
the beginning of the experiment but dry at the end.

(i) The student wanted to ensure that the anode was completely dry at the end of the experiment
and decided to evaporate off the propanone using a blue Bunsen flame. The student noticed
some blackening of the surface of the copper.

Suggest what caused this blackening.

(j) The student calculated the mass change of the anode and the cathode after the experiment
was complete.

mass change of anode = -0.2829g mass change of cathode = +0.217 g

Suggest one reason why the mass gained at the cathode is not the same as the mass lost at
the anode. Assume the student has recorded the mass changes correctly.

[Total: 12]
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2 Attemperatures above 5°C, the benzenediazonium ion, C;H.N,", reacts with water as shown.
C¢H:N,"(aq) + H,O(l) —» C;H;OH(aq) + Ny(g) + H'(aq)

A student investigates this reaction by measuring the volume of nitrogen gas produced at regular
time intervals.

The diagram shows the experimental set-up used to investigate this reaction.

\

gas syringe

conical flask

CeHsN,"(aq)

(a) The student finds that the reaction is very slow, so decides to investigate the reaction at 30°C.

Complete the diagram to show how the student could investigate this reaction at a constant
30°C. [2]
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(b) The student prepared a solution of C;H.N,*(aq) at 5°C. A200.0 cm?® sample of this solution was
placed in a conical flask. The apparatus was allowed to equilibrate at 30°C. The gas syringe
was then connected, a stop-clock was started and readings of time and gas volume were
taken. When the decomposition of the C;H,N,* ion was complete (as shown by no more gas
production) the final volume of N,(g) produced, V,,, was 72cm?.

(i) Show by calculation that when the stop-clock was started the concentration of C;H,N,"(aq)
was 0.0150 moldm=.

[The molar volume of gas under room conditions is 24.0dm3.]

concentration of C.H,N,"(aq) = ......ccooooiiiiiriiinenn. moldm= [2]

(ii) The volume of nitrogen produced is proportional to the amount of C;H.N,* that reacts. As
CH;N," reacts, its concentration in the solution falls.

Using the axes shown, sketch a graph to show the change in volume of N,(g) produced
with the change in concentration of CsH,N,*(aq).

Label the axes [C,H,N,*(ag)]/moldm= and volume of N,(g)/cm?, putting the independent
variable on the x-axis.

Include on the axes the maximum values for concentration and volume where the lines on
the axes are shown.

[2]
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(c) The results the student obtained are shown in the table.

To calculate the concentration of C;H,N,"(aq) the student used the following equation.
vV
)

final

[C.H:N,*(aq)] = 0.0150 x (1 —

V = volume of N,(g) recorded at a specified time.

V,

final

= final volume of N,(g) at complete decomposition of C;H.N,".

V. is72cm?.

final

Complete columns C and D to three significant figures. You may use the space below for any
working.

A B c D
time volume of V + )
/minutes \'jff%)]s Vi [CsHsN,*(ag)]/moldm
0.0 0 0.000 0.0150
2.0 9 0.125 0.0150 x (1 —0.125) = 0.0131
4.0 17
6.0 24
8.0 30
10.0 35
12.0 40
14.0 44
16.0 48

[2]
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(d) Plot a graph on the grid to show the relationship between [C;H.N,*(aq)] and time.
Use a cross (x) to plot each data point. Draw a line of best fit.

0.0150

0.0140

0.0130

0.0120

0.0110

0.0100

0.0090

0.0080

0.0070

0.0060

0.0050

0.0040

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

time/minutes
[2]

© UCLES 2018 9701/51/M/J/18 [Turn over



10

(e) Draw a tangent at time = 0.0 on your graph and use the tangent to determine the initial rate of
reaction. State the units of the initial rate of reaction.

State the co-ordinates of both points you used in your calculation.

CO-OrdiNAateS 1 ..coeieii e CO-OrdIiNAtES 2 ..oeeeeeeeeeeeeeee e

(f) Use your graph to complete the table and calculate the values of two half-lives. For the first
half-life, concentrations have been chosen for you.

concentration 1 time 1 concentration 2 time 2 t

0.0120 0.0060

[3]

(g) State and explain what the values of the two half-lives suggest about the order of reaction with
respect to [C;H;N,"(aq)].

[Total: 18]
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