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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.
Session
INFORMATION
e  The total mark for this paper is 40.
e  The number of marks for each question or part question is shown in Laboratory

brackets [ ].
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 For Examiner’s Use
question paper.
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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.

2 ]

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

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

1 Hydrated ethanedioic acid is a diprotic acid with the formula (COOH),+xH, O where x is an integer.
Ethanedioic acid reacts with manganate(VII) ions when heated.
5(COOH),(aq) + 2MnO,(aq) + 6H*(aq) - 10CO,(g) + 2Mn2*(aq) + 8H,0(1)

You will determine the value of x in (COOH),*xH,,O by titrating a solution containing ethanedioic
acid with manganate(VII) ions.

e FA1is 6.20gdm3 aqueous ethanedioic acid, (COOH),*xH,0.
e FA2is 0.0200 moldm= potassium manganate(VII), KMnO,,.
e FA3is 1.0moldm™3 sulfuric acid, H,SO,.

(a) Method
e  Fill the burette with FA 2.
e Pipette 25.0cm?3 of FA 1 into a conical flask.
e Use the measuring cylinder to add approximately 20 cm? of FA 3 to the conical flask.
e Place the conical flask on a tripod and gauze and heat carefully until the temperature of

the solution is approximately 70°C.

Remove the flame.

Carefully lift the hot conical flask and place it on the white tile under the burette.

e Add FA 2 drop-wise for the first 2-3cm?3. Any initial pink colouring may take several
seconds to disappear.

e |[fthe reaction mixture turns brown, reheat it to about 70 °C. If the brown colour disappears,
continue the titration. If the brown colour remains, discard the contents of the flask and
begin a new titration.

e The end-point is reached when a permanent pale pink colour is formed.

e Perform a rough titration with FA 2. Record your burette readings in the space below.

The rough titre is .......cccovevveeeenn. cmd.

e Carry out as many titrations as you think necessary to obtain consistent results.
Make sure any recorded results show the precision of your practical work.
e Record all your burette readings and the volume of FA 2 added in each accurate titration.
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Results

; ]

I

II

I

v

A%

VI

VII

[7]

(b) From your accurate titration results, calculate a suitable mean value to be used in your
calculations.

Show clearly how you obtained this value.

25.0cm3 of FA 1 required .......c.ccoooeveveeennn. cm3 of FA 2. [1]
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(c) Calculations

(i) Give your answers to (c)(ii), (c)(iii) and (c)(iv) to the appropriate number of significant
figures. [1]
(i) Calculate the amount, in mol, of manganate(VII) ions, MnO,~, in the volume of FA 2
calculated in (b).
amount of MNO,~ = ... mol [1]
(iii) Calculate the amount, in mol, of ethanedioic acid that reacts with the manganate(VII)
ions in (c)(ii).
amount of (COOH), = ..., mol
Hence calculate the concentration, in moldm=3, of ethanedioic acid in FA 1.
concentration of (COOH), = ... moldm™3
[2]
(iv) Calculate the relative molecular mass, M,, of the ethanedioic acid in FA 1.
M = i [1]
(v) Calculate the value of x in (COOH),*xH,0.
Show your working.
X = s [1]
(d) Explain why it is necessary to add FA 3 in each titration.
............................................................................................................................................. 1]
[Total: 15]
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Hydrated zinc sulfate has the formula ZnSO,*yH,O where y is an integer.

Hydrated zinc sulfate decomposes when heated, losing only its water of crystallisation and
becoming anhydrous.

You will determine the value of y in ZnSO,°yH,O by heating the hydrated salt until it becomes
anhydrous.

FA 4 is hydrated zinc sulfate, ZnSO,,°yH,0.

(a)

| © UCLES 2025

Method

Weigh the crucible with its lid. Record the mass in the space for Results.

Add between 3.20g and 3.40g of FA 4 to the crucible.

Weigh the crucible with its lid and FA 4. Record the mass.

Place the crucible on the pipeclay triangle. Gently heat the crucible and contents for
approximately 2 minutes with the lid on.

Remove the lid. Heat the crucible and contents strongly for approximately 4 minutes.
Replace the lid and leave the crucible and residue to cool for at least 5 minutes.

You may wish to begin work on Question 3 while the crucible is cooling.

Weigh the crucible with its lid and its contents. Record the mass.

Remove the lid. Heat the crucible strongly for approximately 3 minutes.

Replace the lid and leave the crucible and residue to cool for at least 5 minutes.

Weigh the crucible with its lid and its contents. Record the mass.

Calculate the mass of FA 4 used and the mass of residue obtained. Record the masses.

Results

II

I

v

[5]
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(b) Calculations
(i) Calculate the amount, in mol, of anhydrous zinc sulfate residue formed in the
decomposition of FA 4.

; ]

amount of ZnSO4 T mol

Calculate the amount, in mol, of water of crystallisation lost.

amount of HZO T mol

(i) Calculate the value of y in the formula ZnSO,,°yH,0.

Show your working.

(c) A student suggests using this thermal decomposition method to investigate the number of
moles of water of crystallisation in hydrated ethanedioic acid. The teacher says that this
method is unsuitable.

Suggest why this method is unsuitable.

[Total: 10]
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Qualitative analysis
For each test you should record all your observations in the spaces provided.

7 ]

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. If a solid is heated, a hard-glass test-tube must
be used.

Rinse and reuse test-tubes and boiling tubes where possible.
No additional tests should be attempted.

3 (a) A bottle labelled FA 5 is thought to contain hydrated zinc sulfate. It would therefore contain
zinc ions and sulfate ions as well as water of crystallisation.

(i) Devise and carry out tests to investigate whether zinc ions, sulfate ions and water of
crystallisation are present.

Record the tests you carry out and the observations you see in the space provided.

[5]
| © UCLES 2025 @ 9701/31/0/IN/25 [Turn over I



* 0000800000008 * DFD

BT ]

(ii) Use your observations in (a)(i) to complete Table 3.1 to show whether each species is
present in FA 5.

Use a tick (v) if the species is present.
Use a cross (X) if the species is not present.

Table 3.1

Zn%*
SO,
HZO

[1]
(b) You are provided with solid FA 6.

(i) Heat a few crystals of FA 6 in a hard-glass test-tube until no further gas is evolved.
Record all your observations.

Leave the test-tube until it is cool.

Keep the cooled residue for use in (b)(ii).

(ii) To the cooled residue from (b)(i), add approximately 3cm depth of distilled water and
stir. Filter the solution formed into a test-tube.

The colour of the solution is ...........cccccvvieeenenn. : [1]
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(c) You are provided with aqueous solutions FA 7 and FA 8 and with solid FA 9.

FA 7 is an aqueous solution of FA 6.
FA 7, FA 8 and FA 9 contain compounds which all have one metal that is the same but which

may be in different oxidation states.

(i) Carry out the following tests on FA 7, FA 8 and FA 9 and record your observations in
Table 3.2. For each test use a 1cm depth of a solution or a spatula measure of solid.

Add aqueous sodium
hydroxide, then

leave to stand.

Table 3.2
test observations
FA7 FA 8 FA9
Test 1
Add hydrogen
peroxide.
Test 2

Test 3
Add aqueous iron(II)
sulfate.

(i) Suggest the identity of the metal in FA6/FA 7, FA 8 and FA 9.

Themetalis ....coccvvevvvineiiiennnen, .

[4]

[1]

(iii) Complete Table 3.3 to suggest the oxidation state of the metal in FA 6/FA 7 and FA 8.

Table 3.3

FAG/FAT7

FA 8

oxidation state

I © UCLES 2025 @
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Qualitative analysis notes

1 Reactions of cations

cation reaction with

NaOH(aq)

NH(aq)

aluminium, A13*(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.
[BaZ*(aq)] is very low
calcium, Ca?*(aq) white ppt. unless [Ca2*(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(Il), 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(I1), 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), Mn2*(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, Cl~(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, I"(aq)

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

nitrate, NO,7(aq)

NHj 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 [CaZ*(aq)]

sulfite, SO42~(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*
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3 Tests for gases
gas test and test result
ammonia, NH, 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 =9.65 x 10*Cmol™’

Avogadro constant

L =6.02 x 1023 mol™’

electronic charge

e=-1.60x1071°C

molar volume of gas

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

ionic product of water

K, = 1.00 x 10~"#mol2dm=8 (at 298K (25°C))

specific heat capacity of water

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

| © UCLES 2025 @

9701/31/0/N/25




DFD

T

* 0000800000012 *

NIOHVIN SIHL NI 31IdM LON Od

12

NIOHVI SIHL NI 3LIdM LON Od

NIOHVIN SIHL NI 31IdM LON Od

NIOHVI SIHL NI 3LI4dM LON Od

- - - - - - - - - - - 08¢ 0'1€2 0z€z -
wniouaime| wni@qou wniAsjepusW wniwiay wniueisule wniuJoyled wni@x)eq wnund wnpuswe wnuoynid wniunydau wniuesn wniugoejold wnuoy} wniunoe
1 ON PN w4 s3 10 g wo wy nd dN n ed UL oY spiounoe
€0l A 1oL 004 66 86 16 96 g6 6 €6 26 16 06 68
0'§LL LeLL 6'89L €.91 6791 §'Z9L 6851 €/G1 0'ZGL 7051 - oyl 6°0vL Loyl 6'8€L
wnpayn| wnigepk wninyy wniqia wnjwjoy wnisoidsAp wniqJay wnjuijopef wnidoina wnuewes wniyawoud wniwApoau wniwApoaseid wnua wnueyjue|
n7 aA wl 13 OH Aa al PO n3 ws wd PN id 90 en sploueyjuel
9 0L 69 89 19 99 g9 9 €9 29 19 09 65 85 15
uossauebo auIssauua) WNLOWIBAI| wniAcosow wniAoJe|) wnjuoyiu wnoluladod wniuaBiusos wnnpejsuuep wnuausw wnissey wnuyoq wniBiogess wniugnp wnipJogayini wnipes wniouel)
60 S A N E| UN uo 6y sd W SH ug bs ad S| souce | BY e
8Ll LLL 9Ll GlL il €Ll zLL [ oLl 601 801 201 90} soL voL €01-68 88 18
- - - 0602 z'L02 v 02 9002 0261 1°G61 226l z06l z'98l 8'e8l 6081 g'8LL €LeL 6Z€L
uopel aunejse wnjuojod yinwsiq pes| wnijeyy Ainosaw plob wnuneld wnipul wniwso wniuays ua)sbuny wnjejue) wnjujey wnueq wnisaed
uy Ww od S| ad 11 BH ny d I SO 9y M el H sploueyue| ed SO
98 g8 8 €8 z8 18 08 6. 8. 1L 9L 7 vL €L zL L1-1G 95 el
€lel 6921 921 81zl 1'8LL 8viL v'ZhL 6201 7901 6201 1’101 - 666 626 16 688 9.8 §'s8
uouax aulpol wnunje} Auownue un wnipul wniwped JaA|Is wnipe|ed wnipoyt wniuayng wniauyos} wnuapgAjow wnigoiu wniuooiz wnupk wnpuoss wnipignt
ax I al qas us u1 PO By Pd Uy ny el O aN 1z A IS qy
S €5 s K] 0$ 6 8y Ly of Sy 44 [34 zr Ly or [ 8¢ L€
8'€8 6'6L 0'6L 6L 92L 169 ¥'59 G'e9 1'85 685 85 615 028 605 6Ly 0'st Loy 16
uoydAsy auiwoiq wnius|es olusste wniuewlsab wnyjeb ouiz Jaddoo [@xo1u 1/eqod uod asauebuew wniwoJyo wnipeuea wniuey wnipueods wnioes wnissejod
M id oS sY 99 EO uz no IN 00 o4 Un 10 N 1L oS €D A
9 ge e €€ 43 Le o¢ 62 8z Vi 9z o4 4 [X4 44 4 0z 6L
6'6€ G'se 1€ 0le 182 0Lz 5874 0'€z
uobue auuolyd anyns snioydsoyd uoolIs wniuiwnje N _\ —\ F O —\ @ w N © m .V MU wnisaubew wnipos
I 10 S d IS v BN EN
8L Ll 9L Gl vl €l 4" [
z0z 06l 09l 0vl 0zl 80l SSEwW ojwoje sAne|al 06 69
uoau auuon|} uabAxo uabonu uogJes uoloq aweu wnyjikiaq wniyy|
SN d (0] N 0 d [oqwiAs olwoje od 1
ol 6 8 L 9 S Jaquinu ojwoje Vv [
(07 0L
wnisy uabouipAy >0!
oH H
4 I
8l Ll 9l 7 Gl 14 cl 4 l
dnoig

Ssjuawa|3 4o a|qe] d1poliad 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.

NIOHVIN SIHL NI 31IdM LON Od

9701/31/0/N/25

© UCLES 2025



OOOST7096T7Z|*

* 0000800000001 * DFD

= MMM

Cambridge International AS & A Level

Cambridge Assessment
¥ International Education

—

CANDIDATE
NAME

|

CENTRE CANDIDATE
NUMBER NUMBER

CHEMISTRY

Paper 3 Advanced Practical Skills 1

You must answer on the question paper.

== Youwillneed: The materials and apparatus listed in the confidential instructions

Insert (enclosed)

9701/33

October/November 2025

2 hours

INSTRUCTIONS
Answer all questions.

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 and use appropriate units.

INFORMATION

e  The total mark for this paper is 40.

e  The number of marks for each question or part question is shown in
brackets [ ].
The Periodic Table is printed in the question paper.
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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 The thiosulfate ion, 82032‘, decomposes when an acid is added.
$,0,%7(aq) + 2H*(aq) — S(s) + SO,(aq) + H,O(l)

The rate of this reaction can be investigated by measuring how long it takes for the solid sulfur
forming to obscure the print on the insert.
You will investigate how the concentration of the thiosulfate ion affects the rate of the reaction.

Note: A small amount of sulfur dioxide gas may be formed in the experiment. It is very
important that you avoid inhaling any fumes. As soon as each experiment is complete, add
the reaction mixture to the quenching bath and rinse the beaker thoroughly.

FA 1 is 0.100mol dm~3 sodium thiosulfate, Na,S,0..
FA 2 is 2.00 moldm~3 hydrochloric acid, HCL.

(@) Method
Experiment 1

*  Fill a burette with FA 1.

*  Run 40.00 cm?3 of FA 1 into the 100 cm3 beaker.

e Use the 25cm3 measuring cylinder to measure 10.0cm? of FA 2.

* Addthe FA 2 to the FA 1 in the beaker and start timing immediately.

e Stir the mixture once and place the beaker on the printed insert.

*  View the printing on the insert from above through the solution.

e Stop timing when the print on the insert becomes obscured.

*  Record this reaction time to the nearest second in the space for results.
*  Empty the contents of the beaker into the quenching bath.

* Rinse and dry the beaker so it is ready to use in Experiment 2.

Experiment 2

*  REéfill the burette with FA 1.

*  Fill the second burette with distilled water.

*  Run 20.00cm?3 of FA 1 into the 100cm? beaker.

e Run 20.00 cm?3 of distilled water into the same beaker.

e Use the 25cm? measuring cylinder to measure 10.0cm3 of FA 2.

* Add the FA 2 to the FA 1 in the beaker and start timing immediately.
e Stir the mixture once and place the beaker on the printed insert.

*  View the printing on the insert from above through the solution.

*  Stop timing when the print on the insert becomes obscured.

*  Record this reaction time to the nearest second in the space for results.
Empty the contents of the beaker into the quenching bath.

* Rinse and dry the beaker so it is ready to use in the next experiment.

| © UCLES 2025 ﬁ 9701/33/0/N/25 [Turn over I



* 0000800000004 * DFD

IO

Experiments 3-5
*  Carry out three further experiments to investigate how using different volumes of FA 1
affects the reaction time.

. n

Note: the combined volumes of FA 1 and distilled water must always be 40.00cm3.
Do not use a volume of FA 1 that is less than 15.00cm3.

Record all your results in a table. You should include the volume of FA 1, the volume of
distilled water, the reaction time and the reaction rate for each of your five experiments.

The rate of reaction can be calculated using the following formula.

1000

rate=——F—-—
reaction time

Results

II

I

v

VI

VII

VIII

[8]

(b) (i) Onthe grid in Fig. 1.1, plot the rate (y-axis) against the volume of FA 1 (x-axis).
Start each axis at the origin (0, 0).

Ring any anomalous points. Draw a line of best fit.
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(ii) Use your graph in Fig. 1.1 to determine the time it would take for the print to be obscured
if 7.50cm3 of FA 1, 32.50 cm? of water and 10.0cm? of FA 2 had been used.
Show clearly on the graph how you worked out your answer.

time for printing to be obscured = ....................l s [2]

(c) A student carries out the same method as given in (a) but using a different concentration of
acid. The student’s calculated values for the rate are plotted on the grid in Fig. 1.2.

rate vs volume of FA 1
60

50 ®

40 .

rate 30 *

20

10

0
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00

volume of FA 1

Fig. 1.2
State whether the student’s results show that the rate is directly proportional to the volume of

FA 1 used.
Explain your answer.

[Total: 15]
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When hydrated sodium thiosulfate is dissolved in water the temperature of the liquid changes. You
will carry out an experiment to determine the enthalpy change, AH, when one mole of hydrated
sodium thiosulfate dissolves in water.

FA 3 is hydrated sodium thiosulfate, Na,S,04°5H,0.
(@) Method

»  Support the cup in the 250 cm3 beaker.

e Use the 50 cm? measuring cylinder to transfer 30.0 cm? of distilled water into the cup.
*  Measure the temperature of the water in the cup. Record this in the space for results.
*  Weigh the container with FA 3. Record the mass.

e Tip all the FA 3 into the cup.

e Stir the mixture until the minimum temperature is obtained. Record this temperature.

*  Weigh the container with any residual FA 3. Record the mass.

*  Calculate and record the mass of FA 3 added.

*  Calculate and record the temperature change.

Results

II

III

v
[4]
(b) Calculations
(i) Calculate the amount, in mol, of hydrated sodium thiosulfate added.
amount of Na,S,04°6H,0 = ..., mol [1]
(ii) Calculate the energy change, in J, in your experiment.
energy change = .......cccocceeeeeeiiiinen. J [1]
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(iii) Calculate the enthalpy change, AH, in kJmol™!, when 1.00mol of hydrated sodium
thiosulfate dissolves in water. Show your working.

(c) The value calculated in (b)(iii) can be used to determine the enthalpy change, AH,, for the
following reaction.

Na,S,0,(s) + 5H,0(l) - Na,S,0,°5H,0(s)
Outline the method of one further experiment you would need to carry out to obtain the data
necessary to calculate the value of AH,.

Show how you would use your results from this experiment and (b)(iii) to calculate AH..

Do not carry out your experiment.

[Total: 11]
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Qualitative analysis
For each test you should record all your observations in the spaces provided.

Examples of observations include:

*  colour changes seen

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

* 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. If a solid is heated, a hard-glass test-tube must
be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted.

3 Half-fill the 250cm?3 beaker with water and place it on a tripod and gauze. Heat the water until
boiling then switch off your Bunsen burner. This will be your hot water bath for use in (b)(i). Start
(a)(i) while the water is heating.

(a) FA 4 is an aqueous solution containing three ions. One ion is not listed in the Qualitative
analysis notes. FA 5 is an aqueous solution containing two ions. The cation in FA 5 is listed in

the Qualitative analysis notes. The anions in both FA 4 and FA 5 contain sulfur.

(i) Carry out the following tests using a 1 cm depth of either FA 4 or FA 5 in a test-tube.
Record your observations in Table 3.1.

| © UCLES 2025 % 9701/33/0/N/25 I
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Table 3.1

observations

FA4 FAS

Test 1
Add aqueous
sodium hydroxide.

Test 2
Add aqueous ammonia.

Test 3
Add aqueous
sodium carbonate.

Test 4
Add aqueous barium chloride
or aqueous barium nitrate.

Test 5
Add acidified aqueous
potassium manganate(VII).

[5]

(ii) From your observations in (a)(i), deduce the identities of the ions present in FA 4 and
FA 5. Give the formula of each ion in Table 3.2. If you are unable to identify an ion write

‘unknown’.
Table 3.2
ions present FA 4 FA 5
cations
anions

[3]
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(b) (i) Both FA 6 and FA 7 are one of propan-1-ol, propan-2-ol, methanoic acid or ethanoic
acid. You will carry out tests to investigate the identities of FA 6 and FA 7. For each test
use a 1cm depth of FA 6 or FA 7 in a test-tube. Record your observations in Table 3.3.

Table 3.3

test

observations

FA 6

FA7

Test 1

Add a few drops of acidified
aqueous potassium
manganate(VII), then

place the test-tube in the hot
water bath.

Test 2

Add a 2cm depth of aqueous
iodine followed by drops of
aqueous sodium hydroxide

until the colour just disappears.

If no reaction is visible, place
the test-tube in the hot water
bath.

Test 3
Add aqueous
sodium carbonate.

[3]

(ii) From your observations in (b)(i) deduce the identities of FA 6 and FA 7. Give reasons for

your answers.
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(c) A student carrying out a similar set of tests identifies two unknown compounds to be ethanol
and propanoic acid.

Write an equation for the reaction between these two compounds.

[Total: 14]
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Qualitative analysis notes
1 Reactions of cations
cation reaction with
NaOH(aq) NH,(aq)
aluminium, Al 3*(aq) white ppt. soluble in excess white ppt. insoluble in excess

ammonium, NH,*(aq)

no ppt.
ammonia produced on warming

low

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

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(Il), Fe2*(aq)

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

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

iron(I), 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), MnZ*(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, Cl~(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,,

DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN
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sulfate, 8042—(aq) gives white ppt. with Ba2*(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca%*(aq)]

sulfite, 8032‘(aq) gives white ppt. with Ba2*(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO,,

thiosulfate, 82032‘(aq) gives off-white/pale yellow ppt. slowly with H*
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3 Tests for gases

gas test and test result
ammonia, NH, 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 =28.31JK"mol™

Faraday constant

F=9.65 x 10*Cmol!

Avogadro constant

L =6.02 x 102 mol"

electronic charge

=-1.60 x 1071°C

molar volume of gas

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

ionic product of water

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

specific heat capacity of water

c=4.18kJkg "K' (4.18Jg'K™")

I © UCLES 2025 Eﬁ
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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.

2 ]

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 Sodium carbonate can be manufactured using a two-step process. The first step involves making
sodium hydrogencarbonate, NaHCO,, which is then converted into sodium carbonate, Na,CO, in
the second step of the process by the following reaction.

2NaHCO4(s) — Na,CO4(s) + H,O(l) + CO,(g)

In this experiment you will determine the enthalpy change, AH,, for this reaction. You will do this
by calculating the enthalpy changes when separate samples of sodium hydrogencarbonate and
sodium carbonate are added to excess hydrochloric acid, HCI(aq). You will then combine these
values using Hess’s law.

NaHCO,(s) + HCl(ag) — NaCl(aq) + H,O(l) + CO,(g) AH,
Na,COs(s) + 2HCl(aq) — 2NaCl(aqg) + H,O() + CO,(g) AH,

FB 1is 2.0moldm=3 hydrochloric acid, HCL.
FB 2 is sodium hydrogencarbonate, NaHCO,.
FB 3 is sodium carbonate, Na,CO,.

(a) Method

Experiment 1

»  Support a cup in the 250cm? beaker.

*  Use the 25cm?® measuring cylinder to transfer 20.0cm3 of FB 1 into the cup.

*  Weigh the container with FB 2. Record the mass.

*  Measure the temperature of the acid in the cup. Record this temperature.

e Carefully add all of the FB 2, in small portions to avoid acid spray. Stir to dissolve. Record
the lowest temperature.

*  Reweigh the container with any residual FB 2. Record the mass.

e Calculate and record the mass of FB 2 used.

e Calculate and record the decrease in temperature.

Experiment 2

*  Support the second cup in the 250 cm? beaker.

¢ Use the 25cm3 measuring cylinder to transfer 20.0cm3 of FB 1 into the second cup.

*  Weigh the container with FB 3. Record the mass.

*  Measure the temperature of the acid in the cup. Record this temperature.

e Carefully add all of the FB 3, in small portions to avoid acid spray. Stir to dissolve. Record
the highest temperature.

*  Reweigh the container with any residual FB 3. Record the mass.

*  Calculate and record the mass of FB 3 used.

*  Calculate and record the increase in temperature.

Keep FB 1 for use in Question 3.
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Results

DFD

(b) Calculations

II

III

v

[4]

(i) Calculate the amount, in mol, of FB 2 that reacts with FB 1 and the amount, in mol, of

FB 3 that reacts with FB 1.

Experiment 1

Experiment 2

amountof FB2=................. mol amountof FB3=................ mol
[2]
(ii) Calculate the energy changes, in J, for each reaction.
Experiment 1 Experiment 2
energy change = .........ccco..... J energy change = ..........c....... J
[1]
(iii) Calculate the enthalpy change, AH, in kJ mol~" for each reaction.
Experiment 1 Experiment 2
AH{ = s e, kJ mol~* AH, = i i, kJ mol~?
sign value sign value
[2]
9701/34/0/N/25 [Turn over I
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(iv) Construct an enthalpy cycle and use Hess’s law to determine the enthalpy change, AH,,
for the reaction shown.
Show your working.

2NaHCO,(s) — Na,COy(s) + H,0() + CO,(g)

(If you were unable to calculate values in (b)(iii) then assume that AH, is +27.3kJ mol~"’
and that AH, is —24.9kJ mol~!. These may not be the correct values.)

[2]

[Total: 11]

| © UCLES 2025 @ 9701/34/0/N/25 I

DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN



DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

* 0000800000005 * DFD

B i

In this experiment you will determine the percentage by mass of a sodium halide impurity present
in a sample of sodium hydrogencarbonate by titration.

NaHCO,(s) + HCl(aq) — NaCl(ag) + H,O(l) + CO,(g)

FB 4 is an aqueous solution made by dissolving 17.20g of the impure sodium hydrogencarbonate
in each dm3 of solution.

FB 5 is 0.200 moldm=3 hydrochloric acid, HCL.

FB 6 is methyl orange indicator.

(a) Method

*  Fill the burette with FB 5.

*  Pipette 25.0cm? of FB 4 into a conical flask.

Add several drops of FB 6 to the conical flask.

*  Perform a rough titration and record your burette readings in the space below.

The rough titre is .......ccoveeveveeeeen. cmd.
e Carry out as many accurate titrations as you think necessary to obtain consistent results.
*  Make sure any recorded results show the precision of your practical work.
*  Record all your burette readings and the volume of FB 5 added in each accurate titration.

Keep FB 4 for use in Question 3.

Results

I

II

I

v

v

VI

VII

[7]

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

25.0cm3 of FB 4 required ...........cccoceveuenennn. cm3 of FB 5. [1]
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(c) Calculations
(i) Give your answers to (c)(ii) and (c)(iii) to an appropriate number of significant figures.

[1]

; ]

(ii) Use your answer to (b) to calculate the amount, in mol, of hydrochloric acid in your mean
titre.

amount of HCI= .......coooviviieii, mol

Hence determine the amount, in mol, of sodium hydrogencarbonate present in 25.0cm?
of FB 4.

amount of NaHCO3 T mol

(iii) Calculate the mass of sodium hydrogencarbonate present in each dm? of solution.

mass of NaHCO, = ... g

Hence calculate the percentage by mass of the sodium halide impurity in FB 4.
Show your working.

percentage by mass = .........cccccceeeeiiiniinns %

(d) Astudent carries out the experimentin Question 1 using the impure sodium hydrogencarbonate
dissolved to make FB 4.
State how this affects the value of AH, determined in 1(b)(iii) compared to the value the
student would get if pure sodium hydrogencarbonate were used.

[Total: 14]
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Qualitative analysis
For each test you should record all your observations in the spaces provided.

7 ]

Examples of observations include:

e colour changes seen

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

* 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. If any solid is heated a hard-glass test-tube
must be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted.

3 (a) (i) Toa1cmdepthof FB 4 in a boiling tube, slowly add a 1 cm depth of dilute nitric acid. Stir
gently until the reaction is complete. Use this solution for your tests.
Select reagents to identify which sodium halide is present.

Record details of the reagents used and your observations.
Identify the sodium halide that is present as an impurity in FB 4.

The formula of the impurity is ...............

[2]

(ii) Suggest why itis necessary to add the nitric acid to FB 4 before carrying out your tests in

(@)(i).
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(b) FB 7 contains a metal cation which is listed in the Qualitative analysis notes.

(i) Place half the sample of FB 7 in a hard-glass test-tube. Heat gently at first and then
more strongly.
Record your observations.

(ii) Use the 25cm?3 measuring cylinder to measure 20cm?3 of FB 1.
Place the remaining sample of FB 7 in a boiling tube and add portions of FB 1 from the
measuring cylinder until all the FB 7 has reacted. Stir until the reaction is complete.
Record your observ