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O L evel Pure Chemistry Structured
ElectrolysisTest 3.0

Q1
B9 A student carries out a series of experiments. In each experiment, he electrolyses
aqueous copper(ll) sulfate solution using the apparatus shown.

ammeter o
measure current ——

copper anode ~— - copper cathode

aqueous copper(ll) sulfate

He uses the same concentration of aqueous copper(ll) sulfate each time, but changes
the current he passes through the solution. He runs each electrolysis for 10 minutes.
The student weighs the negative electrode before and after each experiment and works
out the mass of copper deposited.

The table shows the results of his experiments.

experiment time / mins current / Amps mass of copper deposited / g
| 1 10 1.0 0.21
2 10 2.0 0.40
= 10 3.0 0.58
- 10 4.0 0.81
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(a) Use data from the table to plot a graph to show the relationship between current and

mass of copper deposited.

[3]

Draw a straight line of best fit, taking into account all of your plotted points.
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(b) Describe the relationship that your graph shows.

.[1]
(c) The student carries out another experiment. He passes an electric current of 6.0 A
through a solution of copper(ll) sulfate for 5 minutes.

Use your graph and the information above to predict the mass of copper that would
form in the experiment.

-1
(d) At the end of the electrolysis, the student removes a sample of the electrolyte and

puts it in a test tube. He then adds aqueous ammonia dropwise to the sample until
there is no more further change. Describe and explain what the student sees.

...[2]
(e) The student carries out another electrolysis using aqueous silver nitrate and silver
electrodes. His results are shown in the table.
electrolyte time / mins current / Amps | mass of silver deposited / g
agueous silver nitrate 10 4.0 2.7

(i) Write an ionic half equation for the reaction that happens at the cathode.

...[1]
(ii) Carry out calculations to compare the difference in the number of moles of copper
and the number of moles of silver that are formed when a current of 4.0 A is used

for 10 minutes. Suggest an explanation for the difference in the number of moles
of each metal formed.

[2]
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Q2

Lead(Il) nitrate and copper(ll) chloride are both soluble salts.

The diagram shows the apparatus that a student used to electrolyse agueous solutions of the
salts.

agqueous solution

L

..--____-“'"" inert electrodes

(a) Complete the table of information about the electrolysis.

solution name of products of ionic equation for reaction at
electrolysis each electrode
at negative
dilute agueous electrode |
lead(l1) nitrate at positive
electrode
at negative
concentrated elsrirnde
aqueous copper(ll) — i =
ahloride | at positive
| electrode )
[4]
{(b) Complete the table below to show the observations that would be made during the
electrolysis.
solution B observations

at negative electrode

dilute agqueous

laadAl) pitrea O | *t POSKIvS slectrods

in electrolyte
at negative electrode
concentrated
aqueous copper(ll) | at positive electrode
chloride T

{ in electrolyte 1

[3]
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(e) 20 cm? of 0.5 moldm™® aqueous lead(ll) nitrate was mixed with 15 cm? of 0.8 moldm
aqueous copper(ll) chloride,

Calculate the maximum mass of precipitate that can be obtained.

[3]



Q3

Danyal Education
“A commitment to teach and nurture”

Contact: 9855 9224



Q4

Danyal Education
“A commitment to teach and nurture”

Contact: 9855 9224



a Education Contact: 9855 9224
Dany uc:
“A commitment to teach and nurture”

(iii) The volume of gas collected at the cathode in
volume of gas collected
reactions that take place a

Cell 3 is twice the [2]
at the anode. By giving equations for the
t the two electrodes, explain why this is so.

(e) (i) Explain what happens to the ions as they arrive at the cathode in Cell [2]
4

(ii)  Explain why the reading of the current meter in Cell 4

decreases when [2]
a few drops of lead (1

nitrate solution were added to the electrolyte.
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Q5

(a} The results of an experiment involving the electrolysis of aqueous copper(ll)
sulfate using copper electrodes are shown below.

''''' . g mass

cxoeimnt | Gmpersre | ouert | duatonof | " omad at
the cathode /g |

1 20 1.0 1000 0.329

2 20 2.0 1000 0.658

3 20 2.0 2000 1.320

4 25 2.0 2000 1.320
5 30 1.0 1000 0.329 B

Table 5.1

(i) State one industrial application of this electrolysis.

iiiii s Ems sy CEEEELEY] LT -i--u-u--.i.I ]

(if) John predicted that the rate of reaction is faster at a higher temperature so
the mass of copper formed at the cathode should be greater for the same
duralion of electrolysis.

Comment on the accuracy of John's prediction using the information from

Table 5.1.
(ifi) Explain why the copper(ll) sulfate solution remains blue throughout the
experiment.
(2]
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(b) The diagram shows a simple electrochemical cell.

3 r
magnesium copper
aqueous
copper(ll}—| U -
sulfate b ~

(i) Write down the ionic half equations, including slate symbols, for the
reaction at the electrodes.

cathode

anode (2]

----------------------------------------------------------------------------------- F8afd B A4S AR RNSERSERENR S In AT R

The magnesium metal is then replaced with silver and some unknown metals X,
¥, and Z. The voltmeter readings for the different set ups are as shown below.

metal voltmeter reading / V
magnesium +2.70
silver -0.46
X +0.48
Y +0.78 i
z -0.70
Table 5.2

(if) How does Table 5.2 show that copper is more reactive than silver?

R R R R R SR SRR RE LR TR SRS RLRSL RS R

(iil) Which combination of metals in Table 5.2 gives the highest voltage?

Contact: 9855 9224
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Answers
ElectrolysisTest 3.0

Q1
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(a)

' solution name of products of ionic equation for
electrolysis rear.::iun ai;i each
electrode
at
negative h"’fgr;’g}e“ 2H* + 2" - H2 (g)
dilute aqueous | electrode
ead() nitrate | af - oxygen (gas) | 40H (aq) — 2H:0 (aq)
POyian and water +0z(g)+4e
electrode
g PP | Cu? (ag) + 2¢" — Cu (s)
concentrated negative (solid) q
aqueous electrode
copper(il) at :
chloride positive CINIR 2CI (aq) — Cl2 (g) + 2e°
(gas)
electrode

1 mark for each correct row

solution

observations

at negative Effervescence / bubbles
electrode
dilute agueous t i
lead(11) nitrate ;ﬁ?ﬂé? Effervescence / bubbles
in electrolyte No change observed
(b) at negative Pink / reddish brown deposit
electrode
concentrated
agueous at positive Effervescence / bubbles
copper(Il) electrode
chloride .
in electrolyte Blue colour fades/ becomes
L lighter lighter
ey
1 mark for every 2 correct answers
n[Pb(NOs).] = 0.5 x (20/1000) = 0.01 mol
N[CuCl2] = 0.8 x (15/1000) = 0.012 mol [1]
(c) Mole ratio of Pb(NO3), : CuCl, = 1 - 1

n(PbClz) = 0.01 mol [1]

m(PbClz) = 0.01 x (207 + 71) = 2.78 g [1]

12
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Q3
(a) X: negative Y: positive [1]
(b) M?*(aq) + 2e" = M(s) [1]
(c) (i) hydrogen [1]
(i) 100 cm? [1]
(iti) 2H*(aq) + 2e~ = H2(g) [3]
No. of moles of hydrogen gas = 200/24000 = 0.0083333 [1]
No. of moles of electrons = 0.01667 [1]
No. of moles of M = 0.01667 /2 = 0.0083333
Mass of M = 0.0083333 x 64 = 0.533 g [1]
Q4
a The molten sodium chloride contains Na* ions [4],which are the only | 1
cations present, and will accept electrons/be discharged['2] at the
cathode of Cell 1.
b |i Oxygen gas ['2]. It relights a glowing splint [/4]. 1
ii Cell 2 contains concentrated sodium chloride. The chloride ions will | 2
be preferentially discharged ['2] as chlorine gas ['%], instead of
the hydroxide ions. Cell 3 contains dilute sodium chloride and the
hydroxide ions are preferentially discharged ['%] instead, forming
oxygen gas [V2].
il Cathode: 2H*(aq) + 2e = H2(g) or 4H*(aq) + 4e > 2H2(g) [V] 2
Anode 40H-(aq) = 2H20(l) + O2(g) + 4e [¥]
For the same number of electrons ['3], the volume of hydrogen gas
produced is twice the volume of oxygen gas prodiced. [4]
c |i H* and Cu?" ions [%%] both arrive at th thoede _in, Cell 4. Since | 2
copper is less reactive than hydrogén/in the reactivity series
[72], it will be preferentially discharged [/2] instead at the cathode,
forming copper metal ['%].
ii An insoluble salt of PbCl2 [1] is formed 2
It does not contain delocalised ions [1] to conduct electricity. OR
it removes CI ions [1]
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Q5
‘ a)(i) Purification of copper; (Reject: electroplaling)

a(ii) Comparing experiment 3 and 4 OR 1 and 5, when the temperalure increases
for the same current used and duration of electrolysis, the mass of copper formed
remains the same.

ailiy
For every copper atom that is oxidised at the anode, a copper(ll) ion is
discharged/reduced at the cathode;

There is no net change in conceniration of copper(ll) ions throughout the
experiment;

b(i)
Cu®*(aq) + 2e" - Cu(s);
Mg(s) > Mg*(aq) + 2e7;

b(ii)

The volimeter reading is negative,

b(iii) Magnesium and Z
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