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MCQs - ELECTROLYSIS (iGCSE 0620)

12 In the electrolysis shown, chlorine is produced at W and sodium at X.

-

W — X
—Y
Which labels are correct?
W X Y
A anode cathode NaCl (l)
B anode cathode NaCl (aq)
C cathode anode NaCl (I)
D cathode anode NaCl (aq)
0620_w/14/qpl1l
11 A student wishes to electroplate an object with copper.
Which row is correct?
object is made a suitable
the electrolyte is
A anode CuQ(s)
B anode CuSOy4(aq)
C cathode CuQ(s)
D cathode CuSO0s(aq)
0620 _w/14/qpl1
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12 Which products are formed at the electrodes when a concentrated solution of sodium chloride is
electrolysed?

cathode (-) anode (+)
A hydrogen chlorine
B hydrogen oxygen
C sodium chlorine
D sodium oxygen

0620 _w/14/qp11

11 Which metal could not be used for electroplating by using an aqueous solution?

A chromium

B copper
C silver
D sodium

0620_w/14/qpl1l

11 One molten compound and two aqueous solutions were electrolysed.

The table gives the compounds electrolysed and the electrodes used.

substance electrolysed electrodes
1 concentrated hydrochloric acid carbon
2 concentrated sodium chloride platinum
3 molten lead bromide platinum

In which experiments is a gas evolved at the cathode?

A 1,2and3 B 1and2only C 1only D 3only
0620_w/13/qp13
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10 Two electrolysis experiments were carried out as shown in the diagram below.

The graphite electrodes are labelled 1-4.

molten concentrated aqueous
sodium chloride sodium chloride

Which row describes the products at the electrodes in these experiments?

electrode 1 electrode 2 electrode 3 electrode 4
A chlorine hydrogen chlorine hydrogen
B chlorine sodium chlorine hydrogen
C chlorine sodium hydrogen chlorine
D sodium chlorine sodium chlorine

0620_w/13/qp13
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12 The diagram shows the electrolysis of concentrated aqueous sodium chloride.

anode __cathode
carbon
rods
- - - — 1 concentrated
iy ] —aqueous sodium
- — || chloride and litmus

What is the colour of the litmus at each electrode after five minutes?

colour at anode | colour at cathode
A blue red
B red blue
C red colourless
D colourless blue
0620 _w/13/qp11
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11 The diagram shows the circuit for electrolysing lead(Il) bromide and sodium chloride to liberate
the metal.

® \

\
container for container for
lead(II) bromide sodium chloride

In what form are these salts electrolysed for liberating the metal?

lead(Il) bromide sodium chloride
A concentrated solution concentrated solution
B concentrated solution molten
C molten concentrated solution
D molten molten

0620_w/13/qp11

9 In separate experiments, electricity was passed through concentrated aqueous sodium chloride
and molten lead bromide.

What would happen in both experiments?

A A halogen would be formed at the anode.
B A metal would be formed at the cathode.
C Hydrogen would be formed at the anode.
D

Hydrogen would be formed at the cathode.

0620_w/12/qp13

www.fahadsacademy.com MCQs - ELECTROLYSIS (iGCSE 0620) Page 6

MEGA LECTURE - Stuck on this topic? Free 1-on-1 demo class Take a free test WhatsApp a tutor +92 336 7801123


https://megalecture.com/go/page?d=5620&to=%2F
https://megalecture.com/go/demo?d=5620
https://megalecture.com/go/quiz?d=5620&s=olevel-chemistry
https://megalecture.com/go/wa?d=5620&t=Electrolysis

Fahad H. Ahmad (+92 323 509 4443)

10 The diagram shows an electrolysis experiment using metals X and Y as electrodes.

aqueous solution

One of the metals becomes coated with copper.

Which metal becomes coated and which aqueous solution is used?

metal | Siution
A X CrCls
B X CuCl,
C Y CrCls
D Y CuCl;
0620_w/12/qp11l
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9 The diagram shows the electrolysis of concentrated aqueous sodium chloride.

positive
electrode

carbon
rods

What is produced at each of the electrodes?

product at cathode product at anode
A hydrogen chlorine
B hydrogen oxygen
Cc sodium chlorine
D sodium oxygen

0620_w/12/qp11

negative
___—electrode

concentrated

-] aqueous sodium

chloride

11 Concentrated aqueous potassium bromide solution is electrolysed using inert electrodes.

The ions present in the solution are K*, Br™, H" and OH".

To which electrodes are the ions attracted during this electrolysis?

attracted to anode attracted to cathode
A Br and K" H" and OH"
B Br~and OH" H" and K*
c H*and K* Br~and OH"
D H* and OH" Br~and K*

0620_w/11/qp11
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10 Metals could be extracted from their molten chlorides using electrolysis.

Which substances are formed at each electrode?

anode cathode
A chlorine hydrogen
B chlorine metal
C hydrogen metal
D metal chlorine

0620_w/11/qp11

13 Substance X was electrolysed in an electrolytic cell.
A coloured gas was formed at the anode and a metal was formed at the cathode.

power supply

R e T

anode —__ ___-cathode

__—-substance X

What is substance X7

A aqueous sodium chloride
B molten lead bromide

C molten zinc oxide

D solid sodium chloride
0620_w/10/qp11l
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12 When concentrated sodium chloride solution is electrolysed, elements X and Y are formed.

X< Y

concentrated
_~sodium chloride
solution

What are X and Y?

X Y
A chlorine hydrogen
B hydrogen chlorine
C hydrogen oxygen
D oxygen hydrogen

0620_w/10/qp11

11 The diagram shows apparatus used in.an attempt to electroplate a metal ring with copper.

+ —

bulb

metal ring—__ __-copper electrode

— aqueous copper(II)
sulfate (electrolyte)

The experiment did not work.

What change is needed in the experiment to make it work?
A Add solid copper(ll) sulfate to the electrolyte.

B Increase the temperature of the electrolyte.

C Replace the copper electrode by a carbon electrode.
D

Reverse the connections to the battery.
0620_w/10/gp11
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13 The diagram shows the electrolysis of concentrated aqueous sodium chloride.

positive
electrode

negative
~__—electrode

concentrated

] - aqueous sodium
chloride and
Universal Indicator

What is the colour of the Universal Indicator at each electrode after five minutes?

colour at anode
(+ electrode)

colour at cathode
(— electrode)

o w P

blue/purple
red
red

colourless

red
blue/purple
colourless

blue/purple

0620_w/09/qp11
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12 The diagram shows how aluminium is manufactured by electrolysis.

_anode (+ve)

-

aluminium __cathode (-ve)
oxide —
dissolved in
cryolite ——molten aluminium

What are the anode and cathode made of?

anode cathode
A aluminium aluminium
B aluminium graphite
C graphite aluminium
D graphite graphite

0620_w/09/qp11

14 Copper and hydrogen can each be formed by electrolysis.

At which electrodes are these elements formed?

copper hydrogen
A anode anode
B anode cathode
C cathode anode
D cathode cathode

0620_w/08/qp1l
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12 Which diagram shows an experiment in which the bulb lights?

A B

—& —&

L )
= carbon rods ==

//
cable: plasticy/
steel bitumen —

aluminium ~ T
heat
D
carbon rods == carbon rods =
concentrated sodium chloride —
hydrochloric ~ crystals
acid

0620_w/08/qp1

13 Metal X is low in the reactivity series and it is liberated by electrolysis of its bromide.
Metal Xis ...... 1...... and the bromide is ...... 2...... .

Which words correctly complete gaps 1 and 27

1 2
A lead in solution
B lead molten
C sodium in solution
D sodium molten
0620_w/08/qp1
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10 Winston Churchill, a British Prime Minister, had his false teeth electroplated with gold.

The teeth were coated with a thin layer of carbon and were then placed in the apparatus shown.

X Y
o O —

false teeth—— |~ -1 ——gold

Which row is correct?

-——f--...._aqueous solution
of a gold salt

terminal X is ihe cirottﬁg ngder
A negative diamond
B negative graphite
C positive diamond
D positive graphite

0620_s/12/qp11

www.fahadsacademy.com

MEGA LECTURE - Stuck on this topic?

MCQs - ELECTROLYSIS (iGCSE 0620)

Free 1-on-1 demo class WhatsApp a tutor +92 336 7801123

Page 14


https://megalecture.com/go/page?d=5620&to=%2F
https://megalecture.com/go/demo?d=5620
https://megalecture.com/go/quiz?d=5620&s=olevel-chemistry
https://megalecture.com/go/wa?d=5620&t=Electrolysis

Fahad H. Ahmad (+92 323 509 4443)

11 The diagram shows that two gases are formed when concentrated hydrochloric acid is
electrolysed using inert electrodes.

concentrated —___
hydrochloric acid

Which row correctly describes the colours of the gases at the electrodes?

anode (+ve) cathode (—ve)
A colourless colourless
B colourless yellow-green
C yellow-green colourless
D yellow-green yellow-green

0620_s/12/qp11

11 Electricity is passed through concentrated aqueous sodium chloride, as shown.

positive _ negative
electrode — . carbon ____—electrode
rods '
[— - - concentrated
Iy ] agueous sodium
chloride

What is the test for the gas formed at the positive electrode?
A bleaches damp litmus paper

B ‘pops’ with a lighted splint

C relights a glowing splint

D turns damp red litmus paper blue

0620_s/11/qp11
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10 Which statement about the electrolysis of molten lead(l1) bromide is correct?

A A colourless gas is seen at the cathode.

B A grey metal is seen at the anode.

C Ared/brown gas is seen at the anode.

D Ared/brown metal is seen at the cathode.

0620_s/11/qp11

11 The diagram shows apparatus for plating a spoon with silver.

__-metal electrode

?“—electrolyte

Which statement is not correct?

A Silver would stick to the spoon because it is a very reactive metal.
B The electrolyte would be a silver salt dissolved in water.

C The metal electrode would be made from silver.

D The spoon would be connected to the negative of the power supply.

0620_s/10/qp11

12 Aqueous copper(Il) sulfate solution is electrolysed using inert electrodes.

Copper(ll) ions (Cu?*), hydrogen ions (H*), hydroxide ions (OH") and sulfate ions (8042') are
present in the solution.

To which electrodes are the ions attracted during this electrolysis?

attracted to anode aftracted to cathode
A Cu* and H* OH and SO,*
B Cu*" and SO,* H" and OH"
C H" and OH" Cu®*and SO
D OH and SO,* Cu®" and H'

0620_s/10/gp11
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13 Three electrolysis cells are set up. Each cell has inert electrodes.

The electrolytes are listed below.

cell 1 aqueous sodium chloride
cell 2 concentrated hydrochloric acid
cell 3 molten lead(I11) bromide

In which cells is a gas formed at both electrodes?
A 1and2 B 1and3 C 2only D S3only
0620_s/10/qp11

12 Aluminium is extracted from its oxide by electrolysis.
The oxide is dissolved in ......1...... cryolite and aluminium is deposited at the ......2......

Which words correctly complete gaps 1 and 27

1 2
A aqueous cathode
B aqueous anode
C molten cathode
D molten anode
0620_s/09/qp11
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13 Molten lead(Il) bromide is electrolysed as shown.

=
I

Which ions are discharged at each electrode?

positive electrode

negative electrode

O W >

D

Pb*
Pb?**
Brt
Br-

Br*
Br-
Pb”
Pb*

0620_s/09/qp11

—— molten lead(II) bromide

14 Which of these elements could be formed at the anode when a molten salt is electrolysed?

A
B
Cc
D

copper
iodine
lithium

strontium

0620_s/09/qp11
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12 Which apparatus could be used to electroplate an iron nail with copper?

A B key

+ve |I —-ve

copper sheet

I

aqueous iron(II) sulphate

0620_s/08/qgp1

13 Two elements X and Y form ionic compounds, XBr; and Y20a. The compounds are separately
melted and electricity is passed through the liquids.

What are the products at the cathodes?
A bromine and oxygen

B bromineandY

C oxygen and X

D XandY
0620_s/08/qgp1

14 Which change can take place during electrolysis?
A lead(lV) oxide — lead(ll) oxide + oxygen
B concentrated hydrochloric acid — hydrogen + chlorine
C sodium hydroxide + nitric acid —» sodium nitrate + water
D lead(ll) nitrate + sulphuric acid — lead(l1) sulphate + nitric acid

0620_s/08/gp1
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12 A molten compound is electrolysed. Two atoms of X are deposited at the negative electrode at
the same time as three atoms of Y are deposited at the positive electrode.

These results show that:

Xisa...1..;

the formula of the compound is ...3... .

How are gaps 1, 2 and 3 correctly completed?

1 2 3
A metal non-metal XaYs
B metal non-metal XaY3
Cc non-metal metal X3Y2
D non-metal metal XaY3

0620_s/07/gp1

13 In which electrolyses are chlorine, hydrogen and sodium hydroxide all produced?

aqueous sodium chloride

molten sodium chloride

o m >

D

v

v
X
X

v

X
v
X

0620_s/07/gp1
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10 The diagram shows that two gases are formed when concentrated hydrochloric acid is
electrolysed between inert electrodes.

concentrated
hydrochloric acid

Which line correctly describes the colours of the gases at the electrodes?

anode (+ve) cathode (-ve)
A colourless colourless
B colourless yellow-green
C yellow-green colourless
D yellow-green yellow-green

0620_s/06/qgp1

11 The diagram shows an electrolysis experiment to electroplate nickel with a different metal.

+

aqueous
copper(II) sulphate

aqueous
sodium chloride

Which nickel electrodes are plated with a metal?
A 1only

B 1and 3only

C 2only

D 2and4only
0620_s/06/gp1
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11 At which stage in the manufacture of magnesium from sea-water can electrolysis be used?

stage A stage B stage C stage D
solid solid molten molten
seawater | ] magnesium || magnesium || magnesium g | magnesium
hydroxide chloride chloride metal

0620_s/05/gp1

12 Metallic and non-metallic elements can both be extracted by electrolysis.

Which element is produced at the negative electrode (cathode)?

A

B
C
D

bromine
chlorine
hydrogen

oxygen

0620_s/05/gp1

13 Which product is manufactured by electrolysis?

A
B
Cc
D

aluminium

copper(ll) sulphate

sodium chloride

steel

0620_s/05/gp1
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12 In the circuit shown the bulb does not light.

(=
_— bulb
carbon ~_ carbon
electrode —  electrode
beaker
solid
copper(Il)
sulphate

Which change would cause the bulb to light?

A add more solid copper(11) sulphate to the beaker

B add water to dissolve the copper(ll) sulphate

C replace the carbon electrodes with copper electrodes

D reverse the connections to the electrodes
0620_s/04/gp1

13 The following electrolysis circuit is set up, using inert electrodes P, Q, R and S.

molten lead(II)
bromide

concentrated
hydrochloric acid

At whichof the electrodes is a Group VII element produced?
A Ponly B PandR C Qonly D QandS

0620_s/04/gp1
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13 A student sets up the apparatus shown. The bulb does not light.

®—bulb

-

——water

——electrode

After the student adds substance X to the water, the bulb lights.

What is X?

A calcium carbonate
B carbon

C copper(ll) sulphate
D ethanol

0620_s/03/gp1
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12 The diagram shows how aluminium is manufactured by electrolysis.

anode (+ve)

cathode (—ve)

aluminium
oxide

dissolved in
cryolite

molten aluminium

What are the anode and cathode made of?

anode cathode

aluminium | aluminium

aluminium | graphite

O | | >

graphite | aluminium

D | graphite graphite

0620_s/03/gp1

14 In which set of apparatus is the metal key electroplated with copper?

-

4 3 r
aqueous aqueous
—{-————copper(Il) [ D 1 copper(II)
L. sulphate - {-——|-| sulphate
=01~
fffffffffffffff key
O - piece of copper
C b =0 = metal key
s '
aqueous aqueous
| copper(II) _— copper(1l)
sulphate sulphate
0620_w/07/qp1l
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12 What is the charge on an anode and the type of element formed at such an electrode?

charge on anode | type of element formed
A negative metal
B negative non-metal
C positive metal
D positive non-metal

0620_w/07/qpl

13 The diagram shows how to cause a chemical change in a molten compound.

|
|I

—

What is this process used for?

A extraction of metal from its ore

neutralisation of industrial waste

B
C production of fertilisers
D

removal of oxides from metals

0620_w/07/qp1l

| | - electrodes

| _—molten compound
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9 A student sets up the apparatus shown. The bulb does not light.

b1

§§ ~bulb

¢ electrode

water

After the student adds substance X to the water, the bulb lights.
What could X be?

A barium sulphate

B carbon (or diamond)

C copper (or graphite)

D potassium sulphate
0620_w/07/qp1

11 The electrolysis of concentrated aqueous sodium chloride makes three products.

Which products are shown at the correct electrodes?

anode (+ve) cathode (—ve)
A chlorine sodium hydroxide
B sodium hydroxide chlorine
C hydrogen sodium
D sodium hydrogen
0620_w/06/qpl
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12 Aluminium is extracted from its oxide by electrolysis. To do so, the oxide is dissolved.

Which substance is used to dissolve aluminium oxide and where is aluminium deposited during
the electrolysis?

substance used to
dissolve aluminium oxide

where aluminium is
deposited

A cryolite anode (+ve)
B cryolite cathode (—ve)
C water anode (+ve)
D water cathode (-ve)

0620_w/06/qp1l

10 The diagram shows the electrolysis of molten lead(ll) bromide.

electrode X () —_ - electrode Y (O

~— molten lead(IT) bromide

heat
What is seen at each electrode?
electrode X electrode Y
A brown gas silvery metal
B brown metal green gas
Cc green gas brown metal
D silvery metal brown gas

0620_w/05/qp1
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11 The diagram shown is not complete.

- concentrated
hydrochloric acid

What should be shown at X when the solution has been electrolysed for some time?

-_————— = = — = -———— = = = — — [l — Sl — — i — reee—m———————

. —a  __Ia —a L _Ia SRR | | | o |
0620_w/05/qp1l
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13 The diagram shows an electrolysis experiment using metals X and Y as electrodes.

aqueous solution

One of the metals becomes coated with copper.

Which metal becomes coated and which aqueous solution is used?

metel | Zolution
A X CrCh
B X CuClk
c Y CrCL
D Y CuCh

0620_w/04/qpl

12 Aluminium is extracted from its oxide by electrolysis.

Which words correctly complete the spaces?

The oxide is dissolved in ...... 1. cryolite and aluminium is deposited at the ...... 2.
space 1 space 2
A aqueous negative cathode
B aqueous positive anode
C molten negative cathode
D molten positive anode

0620_w/04/qp1
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12 The following electrolysis circuit is set up, using inert electrodes.

At which electrode is a metal deposited?

>+
@
O+
o

concentrated molten
aqueous lead(Il) bromide
sodium chloride

0620_w/03/qp1l

13 The diagram shows a method used to electroplate a key with copper.

+| -

copper foil—
—key

—+—electrolyte

Which aqueous solution is most suitable for the electrolyte?

A copper(ll) sulphate
B ethanol
C sodium hydroxide

D sulphuric acid
0620_w/03/qp1
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12 The diagram represents the electrolysis of brine (aqueous sodium chloride).

brine chlorine X

Ul I

o ©
° 0 o° o
o o
°0 o 00°
o o o o

ILI_<

SIS SIS

T T
® o

positive porous negative

electrode  wall electrode
What are products X and Y?
X Y
A hydrogen aqueous sodium hydroxide
B hydrogen hydrochloric acid
Cc oxygen aqueous sodium hydroxide
D oxygen hydrochloric acid

0620_w/02/qp1

11 What willl be produced at the anode and at the cathode, if molten potassium chloride is
electrolysed?

anode (+) cathode (-)
A chlorine hydrogen
B chlorine potassium
Cc hydrogen chlorine
D potassium chlorine

0620_s/14/qgp12
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12 Which products are formed at the anode and cathode when electricity is passed through molten
lead(ll) bromide?

anode (+) cathode (-)
A bromide ions lead ions
B bromine molecules lead atoms
C lead atoms bromine molecules
D lead ions bromide ions

0620_s/14/qp11

12 The diagram shows an electrolysis circuit.

At which electrode is hydrogen formed?

- - - -
A B C D
aqueous’ \ molten
sodium sodium
chloride chloride
0620_s/13/qgp11
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18 Concentrated aqueous sodium chloride, concentrated hydrochloric acid and molten lead bromide
were separately electrolysed in experiments 1, 2 and 3.

experiment 1 experiment 2

concentrated —— concentrated —
aqueous , hydrochloric
sodium ——platinum acid —platinum
chloride electrodes electrodes
experiment 3
d.c. power supply
|
II
lamp
heat
Which statement about the electrode products is correct?
A Gases were given off at the anode in experiments 2 and 3 only.
B Gases were given off at the cathode in experiments 1 and 2 only.
C Metals were formed at the anode in experiments 1 and 3 only.
D Metals were formed at the cathode in experiments 1 and 3 only.
0620_s/13/gp12
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9 The diagram shows an incomplete circuit.

glass tube —_

&

Which substance causes the lamp to light when added to the glass tube?

A
B
C
D

aqueous sodium chloride

aqueous sugar

solid sodium chloride

solid sugar

0620 _s/13/gp12
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THEORY - ELECTROLYSIS (iGCSE 0620)

(b) The ions present in aqueous sodium chloride are Na*(aq), Ci~(aq), H*(aq) and OH-(aq).

The electrolysis of concentrated aqueous sodium chloride forms three products. They are
hydrogen, chlorine and sodium hydroxide.

(i) Explain how these three products are formed. Give ionic equations for the reactions at the
electrodes.

(ii) If the solution of the electrolyte is stirred, chlorine reacts with sodium hydroxide to form
sodium chlorate(I), sodium chloride and water.
Write an equation for this reaction.

Cl, + .NaOH — ... it ... W T Y. - TP
(2]
0620/w14/qp33
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4  Afuel cell produces electrical energy by the oxidation of a fuel by oxygen.
The fuel is usually hydrogen but methane and methanol are two other fuels which may be used.
A diagram of a hydrogen fuel cell is given below.

.

e

anode

cathode

ho U

2

(a) When the fuel is hydrogen, the only product is water.
What additional product would be formed if methane was used?

- 1]
(b) Write the equation for the chemical reaction that takes place in a hydrogen fuel cell.
.M
(c) (i) Atwhich electrode does oxidation occur? Explain your choice.
....................................................................................................................................... [1]
(ii) Write an ionic equation for the reaction at this electrode.
....................................................................................................................................... 2]
(d) Fuel cells are used to propel cars.
Give two advantages of a fuel cell over a gasoline-fuelled engine.
- [2]
[Total: 7]
0620/w14/qp33
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(d) Adry cell (battery) has a central rod, usually made of graphite. This is the positive electrode which
is surrounded by the electrolyte, typically a paste of ammonium chloride and manganese(IV)
oxide, all of which are in a zinc container which is the negative electrode.

__-wire
electrons flow graphite
when cell
__-electrode
produces —
energy 3
zinc
_____——electrode
| electrolyte which is a paste of
/ ammonium chloride
/ and manganese(lV) oxide

(i) Draw an arrow on the diagram to indicate the direction of electron flow. [1]
(ii) Suggest why the electrolyte is a paste.

....................................................................................................................................... [1]

(iii) The following changes occur in a dry cell.

For each change, decide if it is oxidation or reduction and give a reason for your choice.

Zn to Zn**

manganese(IV) oxide to manganese(IIl) oxide

(2]
0620/w14/qp32
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(e¢) Zinc can be obtained from zinc oxide in a two step process. Aqueous zinc sulfate is made from
zinc oxide and then this solution is electrolysed with inert electrodes. The electrolysis is similar
to that of copper(Il) sulfate with inert electrodes.

(i) Name the reagent which will react with zinc oxide to form zinc sulfate.

(ii) Complete the following for the electrolysis of aqueous zinc sulfate.

Write the equation for the reaction at the negative electrode.

The electrolyte changes from zinc sulfate to ... e :

(3]

0620/w14/qp32

The second method is to make the steel article the cathode in a circuit for electrolysis.

_power

-

steel girder —__ inert anode

bubbles of
hydrogen gas - sea-water

(ii) Mark on the diagram the direction of the electron flow. [1]

(iii) ' The steel girder does not rust because it is the cathode. Reduction takes place at the
cathode. Give the equation for the reduction of hydrogen ions.

....................................................................................................................................... 2]
0620/w14/gp31
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(c) The solution of zinc sulfate is electrolysed using inert electrodes.
This electrolysis is similar to that of copper(Il) sulfate with inert electrodes.

(i) Write the equation for the reaction at the negative electrode (cathode).

.............................................................................................................................. [1]
(ii) Complete the equation for the reaction at the positive electrode (anode).
......... OH- —» 2H,0 + ... + ......e [2]
(iii) The electrolyte changes from zinc sulfate to
.............................................................................................................................. [1]

0620/w13/qp33

(iii) A method being developed to produce iron with lower emissions of carbon dioxide
is by electrolysis. Hematite, Fe,O,, is dissolved in molten lithium carbonate and
electrolysed. The ore is spilt into its constituent elements.

Write an equation for the reaction at the negative electrode (cathode).

0T S, + 0l [3]
0620/w13/qp32

(iv) ‘Describe how zinc metal can be obtained from zinc sulfate solution by electrolysis.
A'labelled diagram is acceptable. Include all the products of this electrolysis. The

electrolysis is similar to that of copper(Il) sulfate solution with inert electrodes.

(4]
0620/w12/qp33
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6 During electrolysis, ions move in the electrolyte and electrons move in the external circuit.
Reactions occur at the electrodes.

(a) The diagram shows the electrolysis of molten lithium iodide,

=
||

_—external circuit

electrode —__ | | r __—electrode
Eﬁ""'\-\__\_ ] _d--""’-
molten lithium iodide
|

heat

(i) Draw an arrow on the diagram to show the direction of the electron flow in the
external circuit. [1]

(ii) Electrons are supplied to the external circuit: How and where is this done?

12

(iii) Explain why solid lithium iodide does not conduct electricity but when molten it is a
geood conductor.

- 1]

(b) Theresults of experiments on electrolysis are shown in the following table. Complete the
table. The first line has been done as an example.

product at product at change to
electivlyte slectrodes cathode anode electrolyte
molten lithium iodide carbon lithium iodine used up
aqueous copper(Il) sulfate platinum oxygen
concentrated aqueous .
potassium chloride carbon chlorine
[4]
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(c) The diagram below shows the electrolysis of dilute sulfuric acid. Hydrogen is formed at
the negative electrode (cathode) and oxygen at the positive electrode (anode) and the
concentration of sulfuric acid increases.

carbon anode _-carbon cathode

/_,dilute sulfuric acid

——bubbles of
hydrogen gas

bubbles of —
oxygen gas

The ions present in the dilute acid are H*(aq), OH(aq) and SO,*(aq).

(i) Write an equation for the reaction at the negative electrode (cathode).

.............................................................................................................................. [2]
(i) Complete the equation for the reaction at the positive electrode (anode).
40H(aq) — O,(g) + ... H,O(l) + ....... [1]
(iii) Suggest an explanation of why the concentration of the sulfuric acid increases.
.............................................................................................................................. (1]

(d) In the apparatus used in (c), the power supply is removed and immediately replaced by
a voltmeter.

- voltmeter

©

carbonanode - _-carbon cathode

o

_ dilute sulfuric acid
—

———bubbles of
hydrogen gas

bubbles of —_
oxygen gas

A reading on the voltmeter shows that electrical energy is being produced. Suggest an
explanation for how this energy is produced.

..................................................................................................................................... [3]
[Total: 15]
0620/w12/qp32
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(b) The purification of bauxite uses large amounts of sodium hydroxide.

(i) Describe the chemistry of how sodium hydroxide is made from concentrated aqueous
sodium chloride. The description must include at least one ionic equation.

(ii) Making sodium hydroxide from sodium chloride produces two other chemicals.
Name these two chemicals and state one use of each chemical.

CBIMIICAl e e

USE it eeeiee e e e eeee e e e eeean s eeennnee e e e en e e s e S ne e e e e es e ae e ennseeeennneaeennan s
ChEMICAI ... i b e ettt e
(U] S SRRV PR [2]
0620/s12/qp32
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8 lron and steel rust when exposed to water and oxygen. Rust is hydrated iron(III) oxide.

(a) The following cell can be used to investigate rusting.

©

A electron flow

oxygen bubbled —

__—water
on to electrode

iron electrode A— |- T iron electrode B

irc:-n(II'I) oxide
(rust)

(i) Whatis a cell?

- [

(ii) Which electrode will be oxidised and become smaller? Explain your choice.

3]

(1) What measurements would you need make to find the rate of rusting of the electrode
you have chosen in (ii)?

- [2]
(iv) Suggest an explanation why the addition of salt to the water increases the rate of
rusting.
- M
0620/s12/qp31
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5§ The diagram shows a simple cell.

voltmeter

iron electrode —, ———zinc electrode

bubbles of —
hydrogen

____—dilute
sulfuric acid

..................................................................................................................................... [2]
(d) Suggest two ways of increasing the voltage of this cell.
..................................................................................................................................... (2]
[Total: 9]
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(b) Aqueous tin(II) sulfate is electrolysed using carbon electrodes. This electrolysis is similar
to that of aqueous copper(II) sulfate using carbon electrodes.

(i) What is the product at the negative electrode (cathode)?

.............................................................................................................................. [1]
(ii) Write the equation for the reaction at the positive electrode (anode).
............................................................................................................................. [2]
(iii) Name the acid formed in this electrolysis.
.............................................................................................................................. 1]
0620/s11/qp32
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§ Fuel cells are used in spacecraft to produce electrical energy.

(=
—— hydrogen
anode
(7
electrolyte oxygen
cathode

(a) How is oxygen obtained from liquid air?

_____________________________________________________________________________________________________________________________________ [2]
(b) Hydrogen and oxygen react to form water.
2H, + 0, —» 2H,0
(i) Give an example of bond breaking in the above reaction.
- [1]
(ii) Give an example of bond forming in the above reaction.
.............................................................................................................................. [1]
(iii) s the change giveniin (i) exothermic or endothermic?
______________________________________________________________________________________________________________________________ [1]

(c) (i) < Give two reasons why hydrogen may be considered to be the ideal fuel for the
future.

.............................................................................................................................. [2]
(ii) Suggest a reason why hydrogen is not widely used at the moment.
.............................................................................................................................. [1]
[Total: 8]
0620/510/qp32
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2 The results of experiments on electrolysis using inert electrodes are given in the table.
Complete the table; the first line has been completed as an example.
electrolyte change at negative | change at positive change to
electrode electrode electrolyte
molten lead(lI) lead formed bromine formed used up
bromide
LLLE IR RN IR R R R IR AL R Y]] pOtaSSium formed iOdine formed used up
dilute agueous
sodium chloride Y R
aqueous COPPEN(IT) | || eeeeesesssens | srsssestbissessssbbiesnssiinens
sulfate
hydrogen formed bromine formed potassium hydroxide
..................................... formed
[Total: 8]
0620/s09/qp31
3 Copper is purified by electrolysis.
(a) Complete the following.
The positive electrode (anode) is made from
The negative electrode (cathode) is made from
The electrolyte is aqueous [3]
(b) Write an ionic equation for the reaction at the positive electrode (anode).
......................................................................................................................................... 2]
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(b) Titanium is very resistant to corrosion. One of its uses is as an electrode in the cathodic
protection of large steel structures from rusting.

steel oil rig

Ny which is cathode
fitanium LI

anode

sea water contains
H*(aq), OH (aq),
sy Na*(aq), CtH(aqg)

(i) Define oxidation in terms of electron transfer.

................................................................................................................................... (1]
(ii) The steel qil rig is the cathode. Name the gas formed at this electrode.

................................................................................................................................... (1]
(iii) Name the two gases formed at the titanium anode.

................................................................... A ... 2]

(iv) Explain why the oil rig does not rust.

................................................................................................................................... (2]
0620/s07/qp3
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(c) Cell reactions are both exothermic and redox. They produce electrical energy as well
as heat energy.

(i) The diagram shows a simple cell.

__voltmeter

I ==
D

zinc —

T iron
electrode electrode
becomes —
; — bubbles of
thinner
) hydrogen form
dilute —

sulphuric acid
Which substance in this cell is the reductant and which ion is the oxidant?
redUCtant I RIS IR R IR R IR IR F IR R SRS IR RN IR R R IR IR IR IR AR

oxidant [2]

(iii) What is the important large scale use, relating to iron and steel, of this type of cell
reaction?
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(d) Cells can be set up with inert electrodes and the electrolytes as oxidant and reductant.

___voltmeter
V)~
Y/
4 electron flow
carbon carbon
electrode —__ _ electrode
(inert) ¢ (inert)
potassium _— ——— potassium
manganate(VII) (aq) iodide (aq)

salt bridge
(allows ions to move from
one beaker to another)

The potassium manganate(V1l) is the oxidant and the potassiumiodide is the reductant.

(i) Describe the colour change that would be observed in the left hand beaker.

................................................................................................................................... (2]
(if) Write an ionic equation for the reaction in the right hand beaker.
................................................................................................................................... (2]
0620/s06/qp3
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(b) The following apparatus was set up to investigate the electrical conductivity of dilute

acids.
___bulb/lamp
+ —_ e
—®
carbon l  carbon
anode cathode
dilute sulphuric acid
bubbles of — ~ " bubbles of
oxygen gas hydrogen gas

Dilute sulphuric acid is a strong acid. If it was replaced by a weak acid, what two
differences in the observations would you expect to make?

...... (2]
0620/s06/qp3
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5 (a) Copper has the structure of a typical metal. It has a lattice of positive ions and a “sea”
of mobile electrons. The lattice can accommodate ions of a different metal.

Give a different use of copper that depends on each of the following.

(i) the ability of the ions in the lattice to move past each other

................................................................................................................................... (1]
(ii) the presence of mobile electrons
................................................................................................................................... (1]
(iii) the ability to accommodate ions of a different metal in the lattice
(1]

(b) Aqueous copper(ll) sulphate solution can be electrolysed using carbon electrodes. The
ions present in the solution are as follows.

Cu*(aq), SO (aq), H'(aq), . OH (aq)

(i) Write an ionic equation for the reaction at the negative electrode (cathode).

(ii) A colourless gas was given off at the positive electrode (anode) and the solution
changes from blue to colourless.

Explain these observations.

R V. D W N— s ————— — [2]

(c) Aqueous copper(Il) sulphate can be electrolysed using copper electrodes. The
reaction at the negative electrode is the same but the positive electrode becomes
smaller and the solution remains blue.

(i) Writera word equation for the reaction at the positive electrode.

(if) Explain why the colour of the solution does not change.

(iii) What is the large scale use of this electrolysis?
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0620/s04/qp3

5 The first three elements in Period 6 of the Periodic Table of the Elements are caesium,
barium and lanthanum.

(a) How many more protons, electrons and neutrons are there in one atom of lanthanum
than in one atom of caesium. Use your copy of the Periodic Table of the Elements to
help you.
number of protons e
number of electrons e

number of neutrons e [3]

(b) All three metals can be obtained by the electrolysis of a molten halide. The electrolysis
of the aqueous halides does not produce the metal.

(i) Complete the equation for the reduction of lanthanum ions at the negative
electrode (cathode).

0620/s03/qp3

(c) The remaining zinc oxide reacts with sulphuric acid to give aqueous zinc sulphate. This
is electrolysed with inert electrodes (the electrolysis is the same as that of
copper(ll) sulphate with inert electrodes).
ions present: Zn?‘'(aq) SO,*(aq) H*(aq) OH(aq)

(i) Zinc forms at the negative electrode (cathode). Write the equation for this reaction.

................................................................................................................................... (1]
(ii) Write the equation for the reaction at the positive electrode (anode).
................................................................................................................................... (2]
(iii) The electrolyte changes from aqueous zinc sulphate to
0620/w07/qp3
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(b) Impure copper is extracted from the ore. This copper is refined by electrolysis.

(i) Name;
the material used for the positive electrode (anode),

(iii) One use of this pure copper is electrical conductors, ancther is to make alloys.
Name the metal that is alloyed with copper to make brass.

0620/w06/qgp3

(c) The major ore of strontium is its. carbonate, SrCO;. Strontium is extracted by the
electrolysis of its molten chloride.

(i) Name the reagent that will react with the carbonate to form the chloride.

(ii) The electrolysis of molten strontium chloride produces strontium metal and
chlorine. Write ionic equations for the reactions at the electrodes.

negative electrode (cathode)

pogiye Bigotrade (anode) e )

(iii) One of the products of the electrolysis of concentrated aqueous strontium chloride
is chlorine. Name the other two.

I LR R RN R R AR R R R R R N I R R R RN R RN R R R N R R R R R E R R R R R R R R R IR R R N R AR R RN RN R R R R R AR D] [2]
0620/w05/qgp3
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(b) The following diagram shows a simple cell.

______— voltmeter

tin electrode —— | ~———— zinc electrode

electrolyte
dilute sulphuric acid

(i) Predict how the voltage of the cell would change if the tin electrode was replaced
with a silver one.

(1]

(ii) Which electrode would go into the solution as positive ions? Give a reason for your
choice.

(1]

(iii) State how you can predict the direction of the electron flow in cells of this type.

(1]

0620/w04/qp3
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(b) Copper is refined by the electrolysis of agueous copper(Il) sulphate using copper
electrodes. Describe the change that occurs at the electrodes.

(1)  CAthOAE (PUME COPPEI) ooee et e e e e e ee e
............................................................................................................................... (1]
(i)  @nOde (IMPUME COPPET) - .neiie ettt ee et em e eeean
............................................................................................................................... [1]

(iii) Write an ionic equation for the reaction at the cathode.
1]

(iv) If carbon electrodes are used, a colourless gas is given off at the anode and the
electrolyte changes from a blue to a colourless solution.

The colourless gas iS «..ooovviieeiiiiiieee e :
The solution changesinto ..................... Cieieeennnn . O ) [2]
(c) Electrolysis and cells both involve chemical reactions and electricity.

What is the essential difference between them?

0620/w02/qgp3

(iii) Name the other two products of the electrolysis of concentrated aqueous sodium
chloride and give a use of each one.

product ... USE it
Product i o USE .ovviiiiiiiiiieee e e [4]
0620/513/qp32
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(iv) Suggest another method of refining nickel. Give a brief description of the method
which you have suggested. A labelled diagram is acceptable.

[4]
0620/w11/qp33
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3 The diagram shows a cell. This is a device which produces electrical energy. The reaction in
a cell is a redox reaction and involves electron transfer.

V
inert electrode —__ G)J' ~ J- © __—inert electrode

—k ' ~
3 [ ¢ \ 4 \ ¢
\

solutionof —_ [~ | 1] -1-| |_—| - solution of iron(II) salt
bromine il I il v [ Fe*(aa)
Br,(aq) Bl 55 s \ g = i

filter papér soaked in
sodium chloride solution
to complete the circuit

(i) Complete the sentence.
Acellwillchange ......cocoooeiiiiiiiie energy into electrical energy. [1]
(i) Draw an arrow on the diagram to show the direction of the electron flow. [1]

(iii)  In the left hand beaker, the colour changes from brown to colourless.
Complete the equation for the reaction.

Br, + ... =
(2]
(iv) Is the change in (iii) oxidation or reduction? Give a reason for your choice.
.............................................................................................................................. [1]
{(v) Complete the following description of the reaction in the right hand beaker.
Fe changesinto . ...................... . [1]

(vi) . When a solution of bromine is replaced by a solution of chlorine, the voltage
increases. When a solution of bromine is replaced by a solution of iodine, the voltage
decreases.

Suggest an explanation for this difference.

- [1]
[Total: 7]
0620/w10/qp31
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(iii) Copper oxide is reduced to copper which is then refined by electrolysis.
Label the diagram of the apparatus which could be used to refine copper.

power
supply

—oe—

(3]

(iv) Give one use of copper, other than making alloys.

0620/w10/qp31
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(b) Chromium is used to electroplate steel objects. The diagram shows how this could be
done.

add more
chromium(III)
sulfate(aq) -

lead anode _

***************** _-Object to

———————— be plated

chromium(III)
sulfate(aq) -

(i) Give two reasons why steel objects are plated with chromium.

(if) The formula of the chromium(III) ion is Cr** and of'the sulfate ion is SO,*". Give the
formula of chromium(ILl) sulfate.

(iii) Write the equation for the reaction at the negative electrode (cathode).

(iv) A colourless gas, which relights a glowing splint, is formed at the positive electrode
(anode). Name this gas.

(v) During electrolysis, it is necessary to add more chromium(Ill) sulfate but during
copper-plating using a copper anode, it is not necessary to add more copper(1l)
sulfate. Explain.

.............................................................................................................................. 2]
0620/w10/qp32
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4 The electrolysis of concentrated aqueous sodium chloride, between inert electrodes, is used
to make four important chemicals.

hydrogen

chlorine

sodium hydroxide
sodium chlorate(I)

(a) The ions present in the electrolyte are Na*, H*, CI-and OH~.

(i) Hydrogen ions are discharged at the negative electrode (cathode).
Write an equation for this reaction.

........................................................................................................................ (2]
(ii) The hydrogen ions are from the water.
H,O = H* + OH-
Suggest an explanation why the concentration of hydroxide ions increases.
...................................................................................................................... (2]

(iii) When a dilute solution of sodium chloride'is used, chlorine is not formed at the
positive electrode (anode), a different gas is produced. Name this gas.

.............................................................................................................................. [1]
(iv) State an example of an inert electrode.
.............................................................................................................................. [1]
0620/w10/qp33
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(c) A cell consists of two different metal electrodes in an electrolyte.
Three possible cells are shown below.

1.1V

dilute acid dilute acid dilute acid

(i) Why is the more reactive metal the negative electrode?

(iv) Complete the labelling of the zinc/tin cell. [2]

[Total: 14]
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(c) Zinc electrodes have been used in cells for many years, one of the first was the Daniel
cell in 1831.

voltmeter

.

©

copper electrode . - zinc electrode

__-zinc sulfate(aq)

copper(Il) sulfate(aq) —__
™ porous pot - stops
solutions from mixing
(i) Give an explanation for the following in terms of atoms and ions.

observation at zinc electrode — the electrode becomes smaller

explanation W

................................................................................................................................... (1]

observation at copper electrode — the electrode becomes bigger

EXPIANALON [ ... oousisetssessssssstbassessssessasssessss s ss s e s Ra s s e s R e e RSB0

................................................................................................................................... (1]
(ii) When a current flows, charged particles move around the circuit.

What type of particle moves through the electrolytes?

................................................................................................................................... (1]

Which particle moves through the wires and the voltmeter?

(1]

[Total: 10]
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5 The electrolysis of concentrated aqueous sodium chloride produces three commercially
important chemicals hydrogen, chlorine and sodium hydroxide.

(a) The ions present are Na*(aq), H'(aq) .Cl (aq) and OH (aq).
(i) Complete the ionic equation for the reaction at the negative electrode (cathode).
+ — H, [1)

- — CbL (1]

(iii) Explain why the solution changes from sodium chloride to sodium hydroxide.

LR LR LR L L AR R R L L L L R L L R R R L R R R LA R R R LR R R L L L L [1]
0620/w08/qgp3
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ATP - ELECTROLYSIS (GCE 5070)
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2 The apparatus below is used to compare the results of passing a current through aqueous
copper(II) sulfate using different electrodes.

|

L
_I
H | J K
] + [ ]— ]+ ] -
aqueous
I 1 copper(ll) — | |
sulfate
. = B J . & = J
carbon electrodes copper electrodes
cell A cell B

(a) What colour is aqueous copper(Il) sulfate?

(b) (i) Inwhich cell, A or B, is a colour change not seen in the solution?

(ii) Describe what is seen at each electrode in this cell, as the electrolysis proceeds?

.............................................................................................................................. 2]
(iii) Explain why a colour change is not seen in the solution in this cell.

.............................................................................................................................. (1]

(¢) (i) What colour change is seen in the solution in the other cell?

.............................................................................................................................. (1]
(ii) At which electrode H, |, J or K is a gas produced?

......................................... (1]
(ili) Name this gas.

.............................................................................................................................. (1]

Give a test for this gas

OO et e e e e e

OBSEIVALION ... e 1
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(iv) What is seen at the other electrode in this cell?

............................................................................................................................. [1]
[Total: 10]

s/11/qp42
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3 The apparatus below is used to electrolyse water.

- -

R S—

— S

fm— - ’”‘7”‘

| ]

+——7v b e
-ttt ——-151--1 __.carbon
IR R electrodes

] Spintatell K el

& W1 water containing
% | 4 allittle sulfuric acid

anode |+ cathode

I
battery

(a) Why is a small volume of sulfuric acid added to the water?

..................................................................................................................................... [1]
(b) (i) Name the gas collected at the anode.
0 = (1
(i) Give a test for this gas.
(S P TSUSPEPTR RS RSPRR
ODSEIVALION .o [1]
(iii) Write the ionic equation for the reaction taking place at the anode.
............................................................................................................................. [2]
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(c) (i) Name the gas collected at the cathode.

(ii) Give a test for this gas.

(iii) Write the ionic equation for the reaction taking place at the cathode.

(d) When 20cm? of gas has been collected at the anode, what volume of gas will have
been collected at the cathode?

[Total: 9]

s/11/qp41
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2 A student electrolysed aqueous copper(1l) sulfate, using carbon electrodes.
The apparatus is shown below.

T

~| - aqueous copper(II) sulfate

After a few minutes, a pink solid was deposited on one electrode and a gas was evolved at
the other electrode.

(a) (i) Atwhich electrode, A or B, was the pink solid deposited? Explain your answer.

- [1]
(ii) Name the pink solid.

- [1]
Eventually, no more pink solid was formed. Instead, a gas was produced at this electrode.
(b) (i) Name this gas.
-1
(ii) Give a positive test for this gas.
- 1]
(c) (i) Name the gas evolved at the other electrode.
.M
(ii) Give a positive test for this gas.
- 1]
(d) (i) How does the colour of the electrolyte change during the electrolysis?
The colour changesfrom .........................t0. .. [1]
(ii) Explain why this colour change takes place.
- 1]
[Total: 8]
s/10/qp41/qp42
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2 A student electrolysed molten lead(Il) bromide and dilute sulfuric acid in the apparatus
shown below.

lamp

[

|-

— carbon T carbon
electrodes C D 7 electrodes
molten | ] g dilute
lead(II) bromide ' — | ] sulfuric acid

1

heat

(a) What was produced at the electrodes A, B, C and D?

(b) What, if anything, happened to the brightness of the lamp when the following changes
were made to the experiment?

(i) Water was added to the dilute sulfuric acid.

............................................................................................................................ [2]
[Total: 7]
s/09/qp4
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3 A student electrolysed concentrated aqueous sodium chloride using the apparatus below.
The solution also contained litmus solution.

carbon | ] @  carbon
anode _'"-‘:[} -1 cathode

aqueous sodium
={——" chloride containing
some litmus solution

(a) (i) MName the gas produced at the anode (positive electrode).

1]

(ii) Suggest what happened to the colour of the solution around the anode as the
electrolysis proceeded.

. [1]
(iii) Why did this.change take place?
(1]
(b) (i) Name the gas produced at the cathode (negative electrode).
.[1]
(i) Give a test for this gas.
. [1]

(iii) What happened to the colour of the solution around the cathode as the electrolysis
proceeded?

(1]
(iv) Why did this change take place?

. [1]
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(c) The solution was replaced by a dilute solution of an acid. Suggest which acid would
produce the same gases as those produced with concentrated aqueous sodium
chloride.

(d) Under what conditions does the electrolysis of sodium chloride produce sodium at one
of the electrodes?

...................................................................................................................................... [1]
[Total: 9]
s/08/qp4
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2 The apparatus below was used to electrolyse water.

~___ carbon

=T electrodes

-\-‘-\-\H"'\-\.\_\_\_ - *
—————— - water containing
a little:sulphuric acid

i
battery

(a) (i) Why was asmallvolume of sulphuric acid added to the water?

(i) Name the gas collected in tube X and give a test for this gas.
T LTSRN
2
(lii) Name the gas collected in tube Y and give a test for this gas.
QA5 ettt ettt ettt h bt eh et et et ee b oL eh st eh bt et b et en et

5]
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(b) State how the volume of gas collected in tube X compares with the volume of gas
collected in tube Y.

..................................................................................................................................... [1]
s/06/qp4
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10 A constant current was passed through aqueous copper(Il) sulphate using inert electrodes
as shown in the diagram below. Copper was deposited at one of the electrodes.

—HH-®

variable
resistor

]

o [
aqueous

copper(ll) sulphate

(a) Name a suitable material for the inert electrodes.
[1]
(b) At which electrode was copper deposited, D or E?
[1]
(c) What was seen at the other electrode?
2]

The electrode at which copper was deposited was removed at intervals, washed, dried and
weighed. The results are shown in the table below.

time/mins mass of cathode/g total increase in
mass/g
0 7.55 0.00
10 8.00 0.45
20 8.45 0.90
30 8.90
40 9.35
50 9.80
60 9.80

(d) (i) Complete the table by calculating the total increase in mass after each 10 minute

interval. 2]
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(ii) Plot a graph of the data given in the table.

3.0

25

2.0

total
increasein 1.5
mass/g

1.0

0.5

0 10 20 30 40 50 60
time/min [3]

(ili) How long did it take for.1.60 g of copper to be deposited?
cevrneennnn. MINULES 1]
(iv) Suggestwhy the last two readings were the same.

el

(e) What was the colour of the electrolyte

(i) atthe start of the experiment,

(ii) atthe end of the experiment?

12
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The experiment was repeated with aqueous copper sulphate of the same concentration as
before, but this time using copper electrodes. The same current was passed for the same
length of time.

(f) Draw a line on your graph, labelled M, to show the result you would expect for this
second experiment. (1]

(g) What was the colour of the electrolyte at the end of the experiment?

s/03/qp4
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3 A student did four electrolysis experiments, each time using carbon electrodes.

[ [

+ - + -
K L M N
5 5
concentrated dilute
hydrochloric acid sulphuric acid
|y [
I’ |’
+ - + -
P Q R S
o Vi
\1\__ r.-"f t ?
concentrated molten
aqueous sodium  sodium heat
chloride chloride

Answer the following questions by writing the appropriate letter or letters.

(a) At which electrode(s) was hydrogen evolved?

(b) At which electrode(s) was oxygen evolved?

(e) At which electrode(s) was sodium produced?

(d) At which electrode(s) was chlorine evolved?

w/03/qp4
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9 A constant current is passed through aqueous copper(Il) sulfate using inert electrodes as
shown in the diagram below.

Copper is deposited at one of the electrodes.

— 1
-——————c¢lectrodes
D[ E[]
aqueous ]
copper(ll) ———————1 F———] [——
sulfate =
o — o

(@) Name a suitable material for the inert electrodes.
(1]
(b) At which electrode is copper deposited?
(1]
(c) What is seen at the other electrode?
..[1]

(d) (i) The electrode at which copper is deposited is removed at 10 minute intervals,
washed, dried and weighed.
The results are shown in the table below.
Complete the table by calculating the total increase in mass after each 10 minute

interval.
time /min mass of cathode /g total increase in mass /g

0 7.55 0.00
10 8.05 0.50
20 8.55 1.00
30 9.05
40 9.55
50 9.80
60 9.80
70 9.80

(1]
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(ii) Plot these results on the grid below.
Draw two intersecting straight lines through the points.

3.5
3.0
25
2.0
total
increase in
mass
9 15
1.0
0.5
0
0 10 20 30 40 50 60 70
time / min
(3]
(iii) How long does it take for 1.60g of copper to be deposited?
........................................... min [1]
(iv) How long does it take for all the copper to be deposited?
........................................... min [1]
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(e) What is the colour of the electrolyte

(i) at the start of the experiment,

........................................................... [1]

(f) The experiment is repeated using aqueous copper(II) sulfate of the same concentration
as before but this time using copper electrodes.
The same current is passed for the same length of time.

Draw a line on your graph, labelled S, to show the result you would expect for this
second experiment. (1]

(g) State and explain the colour of the electrolyte at the end of the experiment.

...................................................................................................................................... [2]
[Total: 14]
w/13/qp42
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2 (a) A student investigates the electrolysis of aqueous copper(Il) sulfate using graphite
electrodes and the apparatus shown below.

—

-——————electrodes
—s|——{R[—
aqueous e
copper(ll) ——— = | ——— [
sulfate |- - -]
e ,-‘

(i) What is observed at electrode R?

.............................................................................................................................. (1]
(ii) Construct the equation for the reaction taking place at electrode R.

.............................................................................................................................. (1]
(iii) When graphite electrodes are used a colour change is seen in the solution.

What is this colour change? Explain why it happens.

.............................................................................................................................. [2]

(iv) <« When graphite electrodes are used, a gas is evolved at one of the electrodes.
Name the gas and give a test for the gas.

(v) If the graphite electrodes are replaced with copper electrodes, no colour change is
seen on electrolysis of the solution. Explain why.
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(b) The student does more experiments using the apparatus in (a) with graphite electrodes
but, in each case, using a different electrolyte.

Complete the table below.

product observations product observations
electrolyte at the anode at the anode at the cathode | at the cathode
(+ electrode) (+ electrode) (- electrode) (— electrode)
(i) dilute sulfuric bubbles of
acid colourless gas
(i) concentrated bubbles of
aqueous colourless gas
potassium
iodide
(iii) molten lead silvery grey
bromide liquid
9]
[Total: 16]
w/13/qp41
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10

current1.0 A current 1.5A
time/mins mass of ring/g | total increase in mass of ring/g total increase in
mass/g mass/q
0 8.80 0.00 8.80 0.00
10 9.10 0.30 9.20 0.40
20 9.40 0.60 9.60
30 9.70 10.00
40 10.00 10.40
50 10.30 10.40
[1
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A student plated a silver ring using the apparatus shown below.

>

variable
resistor

carbon

(graphite) —

anode

agueous

L silverring

silver nitrate

The ring, which was the cathode, was weighed before it was placed in the agueous silver
nitrate. The circuit was completed and a current of 1.0 A was allowed to flow.

The ring was removed every ten minutes, washed, dried and weighed before being returned
to the solution and reconnected to the circuit.
This was experiment 1.

The experiment was repeated using a current of 1.5A. This was experiment 2.

The results from both experiments are shown in the table below.

(a) Complete the table by calculating the total increase in mass after each ten minute period
in both experiments.

experiment 1

experiment 2

Stuck on this topic?
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(b) Plot the two sets of results on the grid below. Join the points in experiment 1 by a straight
line and the points in experiment 2 by two intersecting straight lines. Label the lines
1 and 2 corresponding to the two experiments.

2.0
1.8
16
1.4
1.2
total
increase 1.0
in mass
/g
0.8
0.6
0.4
0.2
0
0 10 20 30 40 50 60
time/min
[4]
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(c) What was the time taken to deposit 1.00g of silver in each experiment?

(d) Calculate how much more silver was deposited after 35 minutes in experiment 2 than in
experiment 1.

mass of silver deposited in 35 MINUIES 1N 2 ... ... g
mass of silver deposited in 35 minutes iN 1 ... e g
difference iINMass = ... g [2]

(e) The results for experiment 2 indicate that all the silver had been deposited after 40
minutes. By extending your line for experiment 1 suggest, after how many minutes, all
the silver had been deposited in this experiment.

(f) Suggest what change should be made to the experiment so that more silver could be
deposited on the ring.

.................................................................................................................................... [1]
[Total: 11]
w/10/qp42/43
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