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== You must answer on the question paper.
== You will need: The materials and apparatus listed in the confidential instructions
INSTRUCTIONS
e Answer all questions.
e Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.
e  Write your name, centre number and candidate number in the boxes at the top of the page.
e  Write your answer to each question in the space provided.
e Do not use an erasable pen or correction fluid.
e Do not write on any bar codes.
e You may use a calculator.
e  You should show all your working and use appropriate units.
INFORMATION Session
e  The total mark for this paper is 40.
e  The number of marks for each question or part question is shown in
brackets [ ]. Laboratory
The Periodic Table is printed in the question paper.
Important values, constants and standards are printed in the
question paper.
e Notes for use in qualitative analysis are provided in the
question paper. For Examiner’s Use
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Quantitative Analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table
for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

1 You will carry out a titration to determine the concentration of a solution of potassium
manganate(VII), KMnO,. Potassium manganate(VII) reacts with excess acidified potassium
iodide to produce iodine. This iodine is titrated with aqueous sodium thiosulfate.

FA 1 is aqueous potassium manganate(VII), KMnQO,.
FA 2 is 0.500 moldm— potassium iodide, KI.

FA 3 is 0.120moldm~3 sodium thiosulfate, Na,S,0,.
FA 4 is dilute sulfuric acid, H,SO,.

FA 5 is starch indicator.

(@) Method
Titration
e Fill the burette with FA 3.
e Pipette 25.0cm? of FA 1 into a conical flask.
e Use the 25cm3 measuring cylinder to add 10.0 cm? of FA 2 to the conical flask.
e Use the 50cm? measuring cylinder to add 15.0 cm? of FA 4 to the conical flask.
e Perform a rough titration by adding FA 3 from the burette to the conical flask until the

solution is yellow.

e Then add several drops of FA 5. Continue the titration until the mixture in the flask
becomes colourless. This is the end-point.

e Record the initial and final burette readings in the space below.

The rough titre iS ......ooveeveeee e cm?.

e Carry out as many accurate titrations as you think necessary to obtain consistent results.

e Make sure any recorded results show the precision of your practical work.

e Record, in a suitable form below, all your burette readings and the volume of FA 3 added
in each accurate titration.

Keep FA 2 and FA 5 for use in Question 3(b).

II

I

v

VI

VII

[7]
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(b) From your accurate titration results, calculate a suitable mean value to be used in your
calculations. Show clearly how you obtained the mean value.

The iodine produced by FA 1 required ..........ccccvvvceiviieeniennnnn, cm3 of FA 3. [1]
(c) Calculations

(i) Give your answers to (c)(ii), (c)(iii) and (c)(iv) to the appropriate number of significant
figures. [1]

(ii) Calculate the amount, in mol, of sodium thiosulfate in the volume of FA 3 calculated in (b).

amount of Na,S,0, = ..o mol [1]
(iii) The reaction by which iodine is produced is shown.
2KMnO,(aq) + 10KI(aq) + 8H,S0,(aq) — 6K,S0O,(aq) + 2MnSO,(aq) + 5I,(aq) + 8H,0(l)
During the titration, sodium thiosulfate reacts with the iodine produced.
2Na,S,04(aq) + I,(aq) — 2Nal(aq) + Na,S,0O4(aq)

Calculate the concentration of potassium manganate(VII), in moldm=3, in FA 1.

concentration of KMNO, = ... moldm= [2]

(iv) A laboratory technician purchased a bottle containing 50.00g of potassium
manganate(VII), KMnO,, for this practical examination. Using your answer to (c)(iii),
calculate the maximum volume of FA 1, in dm3, that the technician can prepare using the
contents of this bottle.

volume of FA 1 = ..o dm3 [1]

(d) A student suggested that the accuracy of the experiment would be increased by using a
10cm? pipette to measure FA 2.
State whether the student is correct. Explain your answer.

[Total: 14]
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2 You will determine the enthalpy change for the reaction of magnesium oxide with water to form
magnesium hydroxide.

MgO(s) + H,O(l) - Mg(OH),(s)

The procedure will involve two experiments, one with magnesium oxide and the other with
magnesium hydroxide. In each case you will react the solid with hydrochloric acid.

FA 6 is magnesium oxide, MgO.
FA 7 is 2.0moldm= hydrochloric acid, HCL
FA 8 is magnesium hydroxide, Mg(OH),,.

(a) Experiment 1 is the determination of the enthalpy change of reaction, AH,, of magnesium
oxide with hydrochloric acid.

MgO(s) + 2HCl(aq) — MgCl,(aq) + H,O(l)
(i) Method

Support a cup in the 250 cm3 beaker.

Use the 50 cm3 measuring cylinder to transfer 30.0 cm? of FA 7 into the cup.
Measure and record the temperature of the solution in the cup.

Weigh the container with FA 6. Record the mass.

Tip all of FA 6 into the cup containing FA 7. FA 7 is in excess.

Stir the mixture until the maximum temperature is obtained. Record the maximum
temperature.

Weigh the container with any residual FA 6. Record the mass.

e Calculate and record the mass of FA 6 used.

e Calculate and record the temperature rise.

II

I

[3]

(ii) Calculate the energy released in your experiment.

energy released = ... J [1]
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(iii)  Calculate the enthalpy change of reaction, AH,, in kJ mol~! of MgO(s), for the reaction of
magnesium oxide with hydrochloric acid.
Show your working.

(b) Experiment 2 is the determination of the enthalpy change of the reaction, AH,, of magnesium
hydroxide with hydrochloric acid.

Mg(OH),(s) + 2HC(aq) - MgCl,(aq) + 2H,0()
(i) Method

Place the other cup in the beaker.

Use the 50 cm3 measuring cylinder to transfer 30.0 cm? of FA 7 into the cup.
Measure and record the temperature of the solution in the cup.

Weigh the container with magnesium hydroxide, FA 8. Record the mass.

Tip all of FA 8 into the cup containing FA 7. FA 8 is in excess.

Stir the mixture until the maximum temperature is obtained. Record the maximum
temperature.

Weigh the container with any residual FA 8. Record the mass.

e Calculate and record the mass of FA 8 used.

e Calculate and record the temperature rise.

II

I

[3]
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(i) Calculate the enthalpy change of reaction, AH,, in kJmol~! of Mg(OH),(s), for the
reaction of magnesium hydroxide with hydrochloric acid.
Show your working.

(c) Use your answers to (a)(iii) and (b)(ii) to calculate the enthalpy change, AH,, in kJ mol~", for
the reaction between magnesium oxide and water. The equation for the reaction is shown.

MgO(s) + H,O(l) > Mg(OH),(s)

Show your working.

[Total: 12]
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Qualitative Analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

e colour changes seen

e the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent
added

e the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound
must be given.

If any solution is warmed, a boiling tube must be used.
Rinse and reuse test-tubes and boiling tubes where possible.
No additional tests should be attempted.

3 FA9 contains one cation and one anion. The cation is one of calcium, magnesium, manganese(Il)
or zinc. The anion is oxide or carbonate.

(a) Describe reactions to identify FA 9. You are advised to test for the anion first.
State any conditions needed for these reactions.

Carry out your reactions and record all your observations.
Deduce the formula of FA 9.

FAQIS .cooooorrrrrnrn . 4]

© UCLES 2023 9701/33/0/N/23 [Turn over



8

(b) (i) FA 10 is a solution of a double salt. It contains two cations and one anion, all of which
are listed in the Qualitative analysis notes.

Use a 1cm depth of this solution of FA 10 in a test-tube for Tests 1-3.

Table 3.1

test

observations

Test 1
Add an equal volume of FA 2, aqueous
potassium iodide, then

add FA 5, aqueous starch.

Test 2
Add aqueous barium chloride (or barium
nitrate), then

add dilute hydrochloric acid (or nitric
acid).

Test 3
Add aqueous silver nitrate, then

add aqueous ammonia.

Test 4

In a boiling tube, add aqueous sodium
hydroxide to a 1 cm depth of solution of
FA 10, then

remove from heat and add one piece of
aluminium foil to the mixture.

[5]
(ii) Identify the three ions in FA 10 by writing the formula of each ion.
The three ions are ................... and .................... and ................... [2]
© UCLES 2023 9701/33/0/N/23
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(iii) ldentify the two tests in (b)(i) that involve redox reactions.
Justify your answer for one of the tests.

Tests .......... and .......... involve redox reactions.

(iv) Give an ionic equation for the reaction of one of the ions in FA 10 with sodium hydroxide
in Test 4. Include state symbols.

[Total: 14]
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Qualitative analysis notes

1 Reactions of cations

10

cation

reaction with

NaOH(aq)

NH,(aq)

aluminium, A3*(aq)

white ppt. soluble in excess

white ppt. insoluble in excess

ammonium, NH,*(aq)

no ppt.
ammonia produced on warming

barium, Ba%*(aq) faint white ppt. is observed unless | no ppt.
[Ba2*(aq)] is very low
calcium, Ca%*(aq) white ppt. unless [CaZ*(aq)] is very |no ppt.

low

chromium(III), Cr3*(aq)

grey-green ppt. soluble in excess
giving dark green solution

grey-green ppt. insoluble in excess

copper(Il), Cu?*(aq)

pale blue ppt. insoluble in excess

pale blue ppt. soluble in excess
giving dark blue solution

iron(I1), Fe?*(aq)

green ppt. turning brown on
contact with air
insoluble in excess

green ppt. turning brown on
contact with air
insoluble in excess

iron(Il), Fe3*(aq)

red-brown ppt. insoluble in excess

red-brown ppt. insoluble in excess

magnesium, Mg2*(aq)

white ppt. insoluble in excess

white ppt. insoluble in excess

manganese(Il), Mn?*(aq)

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

zinc, Zn%*(aq)

white ppt. soluble in excess

white ppt. soluble in excess

2 Reactions of anions

anion

reaction

carbonate, CO,2

CO, liberated by dilute acids

chloride, Ci~(aq)

gives white ppt. with Ag*(aq) (soluble in NH,(aq))

bromide, Br=(aq)

gives cream/off-white ppt. with Ag*(aq) (partially soluble in NH,(aq))

iodide, I7(aq)

gives pale yellow ppt. with Ag*(aq) (insoluble in NH,(aq))

nitrate, NO,;7(aq)

NH, liberated on heating with OH=(aq) and Al foil

nitrite, NO,~(aq)

NH, liberated on heating with OH™(aq) and Al foil;
decolourises acidified aqueous KMnO,,

sulfate, SO,2~(aq)

gives white ppt. with Ba2*(aq) (insoluble in excess dilute strong acids);
gives white ppt. with high [Ca%*(aq)]

sulfite, SO,?~(aq)

gives white ppt. with Ba2*(aq) (soluble in excess dilute strong acids);
decolourises acidified aqueous KMnO,,

thiosulfate, S,0,%(aq)

gives off-white/pale yellow ppt. slowly with H*

© UCLES 2023
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3 Tests for gases

1"

gas

test and test result

ammonia, NH3

turns damp red litmus paper blue

carbon dioxide, CO,,

gives a white ppt. with limewater

hydrogen, H,

‘pops’ with a lighted splint

oxygen, O,

relights a glowing splint

4 Tests for elements

element

test and test result

iodine, I,

gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant

R =8.31JK "mol™’

Faraday constant

F=9.65x 10*Cmol™"

Avogadro constant

L =6.022 x 1023mol™’

electronic charge

e=-1.60x107"1°C

molar volume of gas

ionic product of water

specific heat capacity of water

c=4.18kJkg K" (4.18Jg~ 1K)

© UCLES 2023
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V. =22.4dm3mol~! s.t.p. (101kPa and 273K)
V. =24.0dm3mol~" at room conditions

K, = 1.00 x 10~"*mol?dm® (at 298K (25°C))




12

- - - - - = = = = - - 08¢ o’lee 0'zee -
wniouaime| wni@gqou wniAsjepuUaW wniuuay wnjuiejsuie wnjuiojed wnie)leq wnund wnpuswe wnuoynid wnjunydau wniuesn wniugoejosd wnuoy} wniunoe
iy ON PN wH s3 10 39 wo wy nd dN n ed ylL oy splounoe
€0l colL Lol 00L 66 86 16 96 G6 6 €6 6 16 06 68
0'SLL L'eLL 6891 €91 679l G291 6851 €191 0'zst 051 - a4d] 6071 Loyl 6'8¢L
wnnajn| wniquepk wninyy wniqie wnjwjoy wnisoldsAp wniqJe) wnjuljopeb wnidoina wnuewes wniyewoid wniwAposu wniwApoaseid wnuad wnueyjue|
n7 aA wy i3 OH Aa ql 819} n3 ws wd PN id Elo) e spioueyue|
L. 0L 69 89 19 99 G9 9 €9 29 19 09 69 89 19
uossauebo auIssauua) WNLOWIBAI| wniA0osoWw wniAoLe|) wnjuoyiu wnoluledod wniuabiuaos wnnpejsuLep wnuauyew wnissey wnuyoq wniBiogess wniugnp wnipJopayint wnipes wnouel)
6o s| AT oW 14 UN ud By s@ N SH ug bs aa iy sprouroe ey 14
8Ll Ll 9Ll Gl 41 el cL L oLl 601 801 101 90l SoL ol €01-68 88 18
- - - 0602 ¢’ .02 ' ¥0C 9002 0.6l L'G6L z'e6l 206l 298l 8'e8l 6081 g8l €lel 6'¢cel
uopels aunejse wnjuojod yinwsiq pesg| wnijjeyy Ainosew plob wnuned wnipul wniwso wniuays ua)sbuny wnejue} wniujey wnueq wniseeod
uy W od fs| ad 11 BH ny d J1 SO N M el H spovequer | B SO
98 G8 8 €8 z8 18 08 6L 8L LL 9/ GL v. €L L [WAA*] 99 [+1%7
elel 6921 921 g'lch L'8LL 8Ll veLL 6,01 901 6201 L'LoL = 666 6'C6 6 688 9'/8 G'G8
uousx aulpol wnunjiey Auownue un wnipul wniwpes JaA|Is wnipe|ied wnipoys wniuayini wnnauyos} wnuapgAjow wnigoiu wnjuooaz wnupk wnhuons wnipign
ax I 8] as us uI so] By Pd Uy nYy ol o aN iz A IS ay
S €9 s 4] 0s 6% 87 VA% *14 514 144 154 44 34 o 6¢ 8¢ YA
8'€8 6'6L 0'6L 6L 9L 169 ¥'G9 G'€9 1’89 6'8S 8'GS 6'vS 0'¢s 609 6Ly 06y Loy L'6¢
uoydAay auiwoiq wnius|es oluasle wnjuewJab wnyjeb ouiz Jaddoo [oxo1u 1/eqod uod asauebuew wiNIWoJyo wnipeueA wniuey} wnipueoss wnioes wnissejod
Y ig SIS sy 99 e uz no IN 00 94 Un 1D A 1L SIS ed M
9¢ Ge e €e ze 1€ (0] 62 82 12 °14 *14 i74 €c 44 ¥4 0zg 6l
6'6€ G'Ge (4 o'le 1'82 0’22 eve 0€ee
uoble auuolya anyns snioydsoyd uoal|Is wniuiwne N _\ —‘ F O _\ @ w N @ m .V mu wnissubew wnipos
Iy 10 S d IS v BN eN
gl Ll 9l Gl vl €l 4% (13
c0z 06l 09l oVl 0zl 80l SSeuwl olwoje aAneal 06 69
uoau aunonyy uabAxo usbonu uogiea uoloq aweu wnijk1aq wniyy|
oN E| o} N o) g |oqwiAs olwoje og 1
ol 6 8 A 9 S Jaquinu ojwoye v ¢
(0874 0L
wniay uaboupAy >0¥
aH H
4 4
el | 4o | 9 | s | wn | e z ]
dnolg

Sjuawialg 4o 9|qeL dIpoLad ayL

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download

at www.cambridgeinternational.org after the live examination series.

9701/33/0/N/23

© UCLES 2023



