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Paper 5 Planning, Analysis and Evaluation October/November 2020
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You must answer on the question paper.

No additional materials are needed.

INSTRUCTIONS
● Answer all questions.
● Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.
● Write your name, centre number and candidate number in the boxes at the top of the page.
● Write your answer to each question in the space provided.
● Do not use an erasable pen or correction fluid.
● Do not write on any bar codes.
● You may use a calculator.
● You should show all your working, use appropriate units and use an appropriate number of significant 

figures.

INFORMATION
● The total mark for this paper is 30.
● The number of marks for each question or part question is shown in brackets [  ].
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1 Calcium hydroxide, Ca(OH)2, is slightly soluble in water. Aqueous calcium hydroxide is also known 
as limewater. A student measures the concentration of saturated aqueous calcium hydroxide using 
the following method.

step 1  Add a spatula measure of solid calcium hydroxide to 250 cm3 of distilled water in a conical 
ÀDVN��6WRSSHU�WKH�ÀDVN�DQG�VKDNH�WKH�ÀDVN�WKRURXJKO\�

step 2� �/HDYH�WKH�ÀDVN�VWRSSHUHG�IRU����KRXUV�

step 3  Filter the aqueous calcium hydroxide into a clean, dry beaker.

step 4  Transfer 25.00 cm3�RI�WKH�DTXHRXV�FDOFLXP�K\GUR[LGH�WR�D�FOHDQ�FRQLFDO�ÀDVN�

step 5  Carry out a titration with 0.100 mol dm–3 hydrochloric acid.

step 6  Record the volume of hydrochloric acid required to react with the aqueous calcium hydroxide.

(a) (i)� �6XJJHVW�ZK\�LW�LV�QHFHVVDU\�IRU�WKH�ÀDVN�WR�UHPDLQ�VWRSSHUHG�LQ�step 2.

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

(ii)� �6XJJHVW�ZK\�WKH�VWXGHQW�OHDYHV�WKH�VROXWLRQ�IRU����KRXUV�LQ�step 2.

 .............................................................................................................................................

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

(b) (i)� �7KH�VWXGHQW�¿QGV�WKDW�WKH�PHDQ�WLWUH�LV�������FP3.
 The equation for the reaction is shown.

Ca(OH)2(aq)  +  2HCl (aq)  →  CaCl 2(aq)  +  2H2O(l)

 Calculate the number of moles of calcium hydroxide that reacted.

moles of Ca(OH)2 = .............................. mol  [1]

(ii) Calculate the concentration of the aqueous calcium hydroxide in g dm–3.
[Ar��&D���������2���������+�����@

concentration of Ca(OH)2(aq) = .............................. g dm–3  [2]
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(iii)  In a chemistry data book, the student found the value for the concentration of a saturated 
solution of calcium hydroxide at 293 K to be higher than the value calculated in (b)(ii).

 Give two reasons why the data book value is higher than the value calculated in (b)(ii).
(Assume the student recorded all volumes correctly, carried out the titration accurately and 
recorded concordant titres.)

 .............................................................................................................................................

 .............................................................................................................................................

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

(c)� �$�VHFRQG�VWXGHQW�FDUULHG�RXW�WKH�H[SHULPHQW�EXW�GLG�QRW�¿OWHU�WKHLU�VROXWLRQ�FRUUHFWO\�LQ�step 3,
leaving some undissolved calcium hydroxide suspended in the solution.

� �3UHGLFW�DQG�H[SODLQ�KRZ�WKLV�ZRXOG�DႇHFW�WKH�WLWUH�REWDLQHG�LQ�WKHLU�H[SHULPHQW�

  ....................................................................................................................................................

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

(d) Describe how to prepare exactly 250.0 cm3 of 0.100 mol dm–3 hydrochloric acid from  
1.00 mol dm–3 hydrochloric acid. Include the names and capacities of any suitable apparatus 
used.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

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

[Total: 10]
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2� �6RGLXP�WKLRVXOIDWH�UHDFWV�ZLWK�H[FHVV�GLOXWH�K\GURFKORULF�DFLG�DFFRUGLQJ�WR�WKH�IROORZLQJ�HTXDWLRQ�

Na262O3(aq)  +  2HCl (aq)  →  2NaCl��DT������6�V������622(g)  +  H2O(l)

  The reaction produces sulfur dioxide which is corrosive and toxic by inhalation.

� �7KH�HႇHFW�RI�WHPSHUDWXUH�RQ�WKH�UDWH�RI�WKLV�UHDFWLRQ�FDQ�EH�LQYHVWLJDWHG�E\�WKH�µGLVDSSHDULQJ�FURVV�
experiment’ as follows.

step 1  Measure 10.00 cm3 of 0.100 mol dm–3 Na262O3(aq) and transfer into a boiling tube.

step 2  Into a second boiling tube, transfer 10 cm3 of 0.500 mol dm–3 HCl (aq).

step 3  Heat both tubes in the same water-bath.

step 4� �3ODFH�D�FRQLFDO�ÀDVN�RQ�D�SLHFH�RI�SDSHU��RQ�ZKLFK�LV�GUDZQ�D�ODUJH�;�

step 5  When the solutions reach the required temperature, remove them from the water-bath, 
SRXU�WKH�FRQWHQWV�RI�ERWK�WXEHV�LQWR�WKH�FRQLFDO�ÀDVN�DQG�LPPHGLDWHO\�VWDUW�D�WLPHU�

step 6� �7KH�;�RQ�WKH�SDSHU�VKRXOG�EH�YLHZHG�IURP�DERYH�WKH�ÀDVN�DV�VKRZQ�LQ�WKH�GLDJUDP�

step 7� �:KHQ�WKH�;�FDQ�QR�ORQJHU�EH�VHHQ��GXH�WR�IRUPDWLRQ�RI�VROLG�VXOIXU��VWRS�WKH�WLPHU�

step 8� �5HSHDW�WKH�H[SHULPHQW�XVLQJ�WKH�VDPH�YROXPHV�DQG�FRQFHQWUDWLRQV�RI�VROXWLRQ�DW�GLႇHUHQW�
temperatures.

view from
above the flask

dilute hydrochloric acid
and sodium thiosulfate solution

conical flask

paper with X
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(a)� �6WDWH�one precaution that should be taken to reduce a hazard caused by one of the products 
of this reaction.

  ....................................................................................................................................................

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

(b)� �6XJJHVW� DSSURSULDWH� HTXLSPHQW� IRU� PHDVXULQJ� WKH� UHTXLUHG� YROXPHV� RI� 1D262O3(aq) and 
HCl (aq) stated in the method.

 Na262O3(aq)  ...............................................................................................................................

 HCl (aq)  ......................................................................................................................................
[1]
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The student recorded their data in the table.

A B C D E F

temperature
/ °C

temperature, T
/ K

time, t, for
cross to

disappear / s

rate of
reaction

1
t  / s–1

1
T  / K–1 2.303 log 1

t

�� 333 7.39 0.135 –2.00

50 323 ����� ������ ±����

�� ��� 21.12 ������ –3.05

�� 309 ����� ������ –3.70

27 300 ����� 0.0202 –3.90

21 ��� 70.11 ������ ±����

(c)  Complete column E in the table, giving your values to three significant figures. [1]
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(d) The activation energy, Ea, of the reaction between sodium thiosulfate and hydrochloric acid can 
be calculated using the equation shown.

2.303 log 1
t  = –Ea / RT

  R = 8.31 J K–1 mol–1

(i) Plot a graph of 2.303 log 1
t  on the y-axis and 1T  on the x�D[LV��'UDZ�D�OLQH�RI�EHVW�¿W�

1
T /K–1

0.00290 0.00300 0.00310 0.00320 0.00330 0.00340 0.00350

2.303 log

–1.00

–1.50

–2.00

–2.50

–3.00

–3.50

–4.00

–4.50

–5.00

1
t

[2]

PMTPMT



8

9701/52/O/N/20© UCLES 2020

(ii) Circle the point on the graph you consider to be most anomalous.

�6XJJHVW� two possible errors in how the procedure was carried out which could have 
caused this anomalous point.

1  ..........................................................................................................................................

 .............................................................................................................................................

2  ..........................................................................................................................................

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

(iii)� �8VH�WKH�JUDSK�WR�GHWHUPLQH�WKH�JUDGLHQW�RI�WKH�OLQH�RI�EHVW�¿W�

�6WDWH�WKH�FRRUGLQDWHV�RI�ERWK�SRLQWV�\RX�XVHG�LQ�\RXU�FDOFXODWLRQ��7KHVH�PXVW�EH�VHOHFWHG�
IURP�\RXU�OLQH�RI�EHVW�¿W�

 Give the gradient to three significant figures.

coordinates 1 ................................................  coordinates 2  .............................................

gradient = .............................. K
[2]

(iv) Use the gradient you have calculated and the equation to calculate Ea, in kJ mol–1, for the 
reaction.

 Give your answer to two significant figures. Include a sign.

Ea = .............................. kJ mol–1  [3]
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(e)� �$�VWXGHQW�UHSHDWV�WKH�H[SHULPHQW�DW����°&�EXW�ZLWK�D�GLႇHUHQW�FRQFHQWUDWLRQ�RI�1D262O3(aq).
The new solution is named solution B��7KH�WLPH�WDNHQ�XQWLO�;�FDQ�QR�ORQJHU�EH�VHHQ�LV�������V�

  Assume no error was made in the timing.

� �6WDWH�ZKHWKHU�WKH�FRQFHQWUDWLRQ�RI�VROXWLRQ�B is more or less than 0.10 mol dm–3.

  Explain your answer.

  ....................................................................................................................................................

  ....................................................................................................................................................

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

(f)� �,W�LV�PRUH�DSSURSULDWH�IRU�WKH�YDOXHV�LQ�FROXPQ�&�RI�WKH�WDEOH�RQ�SDJH���WR�EH�UHFRUGHG�WR�WKH�
nearest second.

� �6XJJHVW�one reason for this.

  ....................................................................................................................................................

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

>7RWDO����@
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3 A student investigates the reaction between magnesium and hydrochloric acid to determine the 
order of reaction with respect to hydrochloric acid.

  The student is supplied with 2.00 mol dm–3 hydrochloric acid and six identical, clean pieces of 
magnesium ribbon.

  In experiment 1, the student places 50 cm3 of 2.00 mol dm–3 hydrochloric acid in a 100 cm3 beaker 
and adds a piece of magnesium ribbon to the acid in the beaker. The student records how long it 
takes for the magnesium ribbon to disappear.

� �7KH�VWXGHQW�FDUULHV�RXW�¿YH�IXUWKHU�H[SHULPHQWV��GLOXWLQJ�WKH������PRO�GP–3 hydrochloric acid each 
WLPH�WR�SURYLGH�UHVXOWV�IURP�¿YH�GLႇHUHQW�FRQFHQWUDWLRQV�RI�DFLG�

  The student carries out each experiment in a 100 cm3 beaker.

(a) (i) Complete the table so the student can use it to record the reaction time for each experiment. 
The table should include suggested volumes of acid and water for each experiment. 
Columns should be suitably labelled.

experiment
number

1

2

3

�

5

�

[2]

(ii) Identify the dependent variable in this experiment.

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

(iii)  Apart from the magnesium ribbon, identify one variable that should be controlled in these 
experiments.

 .......................................................................................................................................  [1]
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(b) Explain why the student’s proposed method of determining the reaction time may lead to 
inaccuracies in the recorded results.

  ....................................................................................................................................................

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

(c)� �6XJJHVW�one other variable that could be measured to determine the order of the reaction.

  ....................................................................................................................................................

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

>7RWDO���@
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