Q1.

AQA Chemistry GCSE - Chemical Cells and Fuel Cells

All questions are for separate science students only

This question is about chemical cells and batteries.

(a)

(b)

Three different types of battery can be used to power a TV remote control.

The table below gives information about these batteries.

Zinc-carbon | Alkaline | Nickel-metal
battery battery hydride
battery
Cost of battery in £ (pounds) 0.17 0.50 1.50
Rechargeable? No No Yes
Time before needing to
. 5 12 8

replace or recharge in months

Give one advantage of each type of battery.

Zinc-carbon Chlﬂ/‘D”)}C
Alkaline L &325 UM LW\jQS'rt
Nickel-metal hydride &) (ednmgwlokl,

(3)
Figure 1 shows a symbol printed on batteries.

Figure 1
>

This symbol shows that batteries should not be put in household waste.

Suggest why batteries should not be put in household waste.

( M Wi Cau) ‘0XAC .

(1)

Figure 2 shows a chemical cell.
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

Figure 2

Electrolyte

Metal electrodes

(c) The order of reactivity of three metals is shown below.

Iron (Most reactive)
Tin T
Copper (Least reactive)

Which combination of metal electrodes would give the highest voltage in
the chemical cell in Figure 27?

Tick (v') one box.

Copper and iron ‘/

Iron and tin

Tin and copper

(1)

(d) The voltage produced by the cell in Figure 2 depends on the type of
electrodes and the type of electrolyte.

Suggest one other factor that could affect the voltage produced.

C_Qgh'olton 04 QJML’ 0\0\[2,
) (Q»A\walc,we\

(e) Water is produced in a hydrogen fuel cell.

(1)

Complete the word equation to show the reaction that produces water in a
hydrogen fuel cell.

'
Hq + /Z Oa — water
A A
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

Q2.

This question is about chemical reactions and energy.

Hydrogen reacts with oxygen to produce water.

This reaction releases energy.

(@) Complete the word equation for the reaction.

hydrogen + oxygen — wa}u

(2
(Total 8 marks)

(1)

(b) The graph below shows a reaction profile for the reaction between

hydrogen and oxygen.

e

What do the labels W, X, Y and Z represent?

Choose answers from the box.

v

activation energy

products

energy

progress of reaction

overall energy change

reactants

Cumaro

0\ ckivakion &mm

Ovotall  Twersye,  cliauns.

N < X s

. 7
Piomicss o} teaebcron

Page 3 of 19

(4)



AQA Chemistry GCSE - Chemical Cells and Fuel Cells

(c) The reaction between hydrogen and oxygen is used in a hydrogen fuel cell.

What is the reason for using this reaction in a fuel cell?

Tick (v') one box.

To produce a change of state

To produce a potential difference /

To produce a temperature change

(1)
(d) A student investigated the voltage produced by a chemical cell.
The student used different metals as the electrodes in the cell.

The metals used were:

. copper
. iron
. magnesium.

Which two metal electrodes would produce the greatest voltage when
used in the chemical cell?

Give one reason for your answer.

Metals N\S and CU\
Reason ’fm W lq’_ﬁ kmlﬂ Uu w &AMN@I\UZ
o (el N:Lb.

(2)
(Total 8 marks)

Q3.

The reaction between hydrogen and oxygen releases energy.

(a) A student drew a reaction profile for the reaction between hydrogen and
oxygen.

Figure 1 shows the student's reaction profile.

Figure 1

Page 4 of 19



AQA Chemistry GCSE - Chemical Cells and Fuel Cells

(b)

(c)

The student made two errors when drawing the reaction profile.

Describe the two errors.

1 M ﬂc)c,‘\dalg:m QMITHN S\me h &gm
e teastouds (e 1o W {ook.

2 T Q(dg!g!ﬁ (e Swald Mﬂhd
e earkauke (i,

The reaction between hydrogen and oxygen in a hydrogen fuel cell is used
to produce electricity.

(2)

Hydrogen fuel cells and rechargeable cells are used to power some cars.

Give two advantages of using hydrogen fuel cells instead of using
rechargeable cells to power cars.

110‘&93\%(&»&1%44;1&%(»
( el
2mfm\cdmmg!9)(o&ﬁpﬂo»f
ad o o afls o

Reactions occur at the positive electrode and at the negative electrode in a
hydrogen fuel cell.

(2)

Write a half equation for one of these reactions.

\—\2 — ANt 4 2 "
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

(d)

(e)

(f)

The three states of matter can be represented by a simple particle model.
Figure 2 shows a simple particle model for hydrogen gas.

Figure 2

Give two limitations of this simple particle model for hydrogen gas.

1 \{s&g;am (L) s oot dhown a3 W—H
A CATEY

2 _Doep ol o the  weak [mias

_ odwen padide

The hydrogen gas needed to power a car for 400 km would occupy a large
volume.

Suggest one way that this volume can be reduced.
MMMM_QJD a (i Zu;ol-
(Ndsodn s o solid)

The energy needed for a car powered by a hydrogen fuel cell to travel 100
km is 58 megajoules (MJ). “\290\ = | % \OB

The energy released when 1 mole of hydrogen gas reacts with oxygen is
290 kJ

Wlo = 1=10%
The volume of 1 mole of a gas at room temperature and pressure is 24 dm?

Calculate the volume of hydrogen gas at room temperature and pressure
needed for the car to travel 100 km

Mo &4\, tudd = 5%<10T = 200 gubs

290 = 10° 3
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

Vol c){ “g

s\

a4 dw’ *x 200
4300 dwm®

"

Volume of hydrogen gas = L"%OO dm?

4)
(Total 12 marks)

Q4.

This question is about chemical cells and batteries.

A student investigated the voltage produced by different chemical cells.

Figure 1 shows the apparatus.

Figure 1

Voltmeter

Va3

{V }

N

Copper —— ——— Electrode X
| Copper sulfate
solution

This is the method used.

1. Use cobalt metal as electrode X.

2. Record the cell voltage.

3. Repeat steps 1 and 2 using different metals as electrode X.

(a) Suggest two variables the student should keep the same to make the
investigation valid.

1 Conconk cakion ko‘ eonlﬁ'ro\s(l
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

> Tempoalne o sdabion

(2)

The following table shows the student’s results.

Electrode X Voltage of the cell in

volts
cobalt 0.62 2
magnesium 2.71 ]
zinc 1.10 2

(b)  Write the three metals used for electrode X in order of reactivity.

Use the table above.

Most reactive N\S\
Zn
Least reactive CO

(1)
(c) Copperis used as electrode X in Figure 1.
Predict the voltage of this cell.

Give one reason for your answer.

Voltage = O volts
Reason T\LQ OUUA QQQRL‘U&? (S CU-
2 dilfoienl sololy ome soded o pindus o vollase

(2)

(d) Describe how to make a 12 V battery using 1.5 V cells.
2V = b
1-5v Ned ¢ colls,

(2)

(e) Which is the most suitable use for a non-rechargeable cell?
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

Tick (v') one box.
Electric toy v 109)5 \W - UnL%N\\HLW\l U3

Laptop computer

Mobile phone

(1)

(f)  Hydrogen fuel cells or rechargeable cells can be used to power electric
vehicles.

Suggest one advantage and one disadvantage of using a hydrogen fuel
cell compared with a rechargeable cell.

Advantage of hydrogen fuel cell \ b@m o) Mug&

Disadvantage of hydrogen fuel cell 'Diwcm \'0 S\orc

( Yommalole )
(2)

(Total 10 marks)

Q5.

This question is about chemical cells.

A student investigated the voltage produced by different chemical cells.

Figure 1 shows the apparatus.

Figure 1

et Voltmeter
V)
e/

—— Electrode X

7 Electrolyte
) solution
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

This is the method used.

1. Use cobalt as electrode X.

2. Record the cell voltage.

3. Repeat steps 1 and 2 using different metals as electrode X.

(@)

1 (onconl cal \

Suggest two control variables used in this investigation.

2 Temrako o} selubion

The following table shows the student’s results.

(b)

Electrode X |Voltage of cell in volts
cobalt +0.62
copper 0.00
magnesium +2.71
nickel +0.59
silver -0.46
tin +0.48

Write the six metals used for electrode X in order of reactivity.

Use the table above.
Justify your order of reactivity.

Most reactive N\"i

Co

N¢

Sa

Co

Least reactive Q _9

Justification (Y\M \\\S\M um QOS%L'\M \IO\L‘@.%
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

Do oo temebrnu Che weol

(4)

(c) Which of the following pairs of metals would produce the greatest voltage
when used as the electrodes in the cell?

Use the table above.

Tick (v') one box.

Magnesium and cobalt + 9 410 GZ
Magnesium and tin v + A l + 049 / 6‘336l:
di [jorence
Nickel and cobalt + 050l +0- 62
Nickel and tin t 099 1 0-%9
(1)
(d) Hydrogen fuel cells can be used to power different forms of transport.
Some diesel trains are being converted to run on hydrogen fuel cells.
A newspaper article referred to the converted trains as the new ‘steam
trains’.
Suggest why.
o lood el W & codipd G
0% sloam.
(2)

(Total 9 marks)

Q6.

Chemical reactions can produce electricity.

(@) The diagram below shows a simple cell.
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

Electrode A— __— Electrode B

___— Electrolyte

Which of these combinations would not give a zero reading on the
voltmeter in the diagram above?

Tick one box.

Electrode A Electrode B Electrolyte
Sodium chloride
Copper Copper solution 4
Zinc Zinc Water X
. Sodium chloride
Copper Zinc solution v
Copper Zinc Water

(1)
Alkaline batteries are non-rechargeable.

(b)  Why do alkaline batteries eventually stop working?

0 cadauk (su&zdu\o, oo Ui

(c) Why can alkaline batteries not be recharged?

/\ ¢

(1)

A

(1)

Hydrogen fuel cells and rechargeable lithium-ion batteries can be used to power
electric cars.
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

(d)

(e)

Complete the balanced equation for the overall reaction in a hydrogen fuel

cell.
2 H.O

The table below shows data about different ways to power electric cars.

2 H, + Oz

Rechargeable
Hydrogen fuel | jithium-ion
battery
Time taken to refuel or
_— 5 30
recharge in minutes
Distance travelled before
refuelling or recharging in Up to 415 Up to 240
miles
Distancg travelled per unit of 29 66
energy in km
Cost of .refu.elllng or 50 3
recharging in £
Minimum cost of car in £ 60 000 18 000

Evaluate the use of hydrogen fuel cells compared with rechargeable
lithium-ion batteries to power electric cars.

Use the table above and your own knowledge.

Roomo, e (otol cally ool Vo Voltoc:
- Ruludli” o [aolae Uaw ieckons
: yealc

tud i \@e (TS
WO

— Coodus (MQA
purduced V{zj_Jm&ﬂlM@

"'un CEW\\Q

— JNo PQ“;!!QM!E) an dgseml

—MEHQ'GF‘L" @\\QMI ‘m\l\\u\‘ﬂ

Li- top oattedes caudd oo \poltli -
- J(\c/\eMl uy 01 QMW]M
Cc‘sl cA Li- o awnch (m

\\
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

-, &N«'m' PR Y.
- \\; Can \u 9.7:?\(1?\\&

(6)
(Total 11 marks)

Q7.

A student investigated the voltage produced by simple cells.

The diagram shows the apparatus used.

Electrode A

3\

~__—Electrode B

_|— Electrolyte

R

The table shows the voltage produced with different metal electrodes.

Electrode A Electrode B | Voltage in V

Copper Copper 0.00 o)
Copper Iron 0.78 3
Copper Magnesium 2.71 1
Copper Tin 0.48 4
Copper Zinc 1.10 2

(@) List the metals in the table in order of reactivity.

Most reactive N\g
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AQA Chemistry GCSE - Chemical Cells and Fuel Cells

(b)

(c)

(d)

(e)

Q8.

Za
fe
Sn

Least reactive Copper

(2)
Batteries consist of cells.
Describe how a 6.0 V battery can be made from cells of voltage 1.5V
K

Us & (15v) wlls  connecld o0 seges.

Why do non-rechargeable cells stop producing electricity?

N\ seaol oo S&'g(& ocang aw ok Yo
caddauds 3 wsed ap.

(2)

(2)

Complete the word equation for the reaction in a hydrogen fuel cell.

hydrogen + 0OCeN O\ 0NN — water

Give two reasons why using a hydrogen fuel cell is seen as non-polluting.

Use the equation in part (d).

1. Od\\j diglg@ \\30

),

(2)
(Total 9 marks)

Cells contain chemicals which react to produce electricity.

Page 15 of 19



AQA Chemistry GCSE - Chemical Cells and Fuel Cells

(@) Why can a rechargeable cell be recharged?

\
)

(1)

(b) Give two factors that affect the voltage produced by a cell.

1. (\’t:“ﬂ cﬂ epwﬁmfo
2. Cancouhcadion a} QQ““L““\BQ
(2)

(c) Balance the half-equation for the reaction occurring at an electrode in one
type of hydrogen fuel cell.

Ha + Qo — 7HoO + Qe
(1)

(d) Why is the fuel cell in Question (c) described as an alkaline fuel cell?

LY Lt

e - (

(1)
(e) Another type of fuel cell uses methanol instead of hydrogen.
The diagram represents the reaction in this fuel cell.
H
2H—Q—0—H + 30=0 — 20=C=0 + 4H—0—H
H

The table shows the bond energies for the reaction.

C-H c-O O-H O= Cc=0

Bond energy in kd / mol 412 360 464 498 805

Calculate the overall energy change for the reaction.
Use the diagram and the table above.
oy, Uy = Bads Sroon - Bads (ouneed
1(2x C-H)A-0420-H + 2x0=0] - [ (U z0)+ $x0-1]
2(Bxt1q)+2% 360 +2« 46l + (2x4a%) — (4 x 305) + (8 46a)
[42+720 1 429 +luqu ] — [2220 + 3112)
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56 1Y —  £93%2
— 1513

Overall energy change = \ 61 2 kd / mol

n

(3)
(Total 8 marks)

Q9.
A student investigated simple cells using the apparatus shown in the figure
below.
.O}
Metal 1 __—Metal 2
—+— Potassium nitrate
solution
\ J

. If metal 2 is more reactive than metal 1 then the voltage measured is

positive.
. If metal 1 is more reactive than metal 2 then the voltage measured is

negative.
. The bigger the difference in reactivity of the two metals, the larger the

voltage produced.

The student’s results are shown in the table below.
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Metal 2

Chromium Copper Iron Tin Zinc
Metal 1
Chromium oov
Copper 1.2V oov

not

Iron 05V measured ooV
Tin o8V 04V 03V ooV
Zinc o2V 1.0V 0.3V 06V oov

(a)

(b)

(c)

The ionic equation for the reaction occuring at the zinc electrode in the
simple cell made using copper and zinc electrodes is:

Zn — Zn%>* + 2e

OIL RIG

Zinc is oxidised in this reaction.

Give a reason why this is oxidation.

Za e ok Jubaws

(1)
Look at the table above.
Which one of the metals used was the least reactive?

Give a reason for your answer.

Metal CU\

;son “ W Q‘M NS\ NZSQL‘\ﬂ UO“'%!

wion  uwd 5 adal 2

(2)

Predict the voltage that would be obtained for a simple cell that has iron as
metal 1 and copper as metal 2. (C. Cu

Explain your answer.
Uolkagy  wdle G ¢+ (0 = 13
" " G + G 095

n
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(d)

(o (o wnwr Hap

S fe- (a = —07

(3)
Hydrogen fuel cells have been developed for cars.

Write a word equation for the overall reaction that takes place in a
hydrogen fuel cell.

__‘%&uyw—rax%agmﬁwaﬁx "

Write the two half equations for the reactions that occur at the electrodes
in a hydrogen fuel cell.

W, — 2 W' + Qe

0, + &4HT + Le —> 21,0

(2)
(Total 9 marks)
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