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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 lodide ions in aqueous solution are oxidised to iodine by a variety of oxidising agents. One of
these is the peroxodisulfate ion, 82082‘, which reacts as shown.

2I7(aq) + S,04%7(aq) — I,(aq) + 280,%(aq)

Sodium thiosulfate is added to the reaction mixture to react with iodine as it is produced. When all
of the thiosulfate has reacted, further iodine produced reacts with starch indicator to give a dark
colour.

You will carry out two experiments t0.investigate how the rate of this reaction is affected by
changing the concentration of the peroxodisulfate ion.

FA 1 is 0.0200 moldm™3 potassium peroxodisulfate, K5S,05.
FA 2 is 0.00500 moldm™2 sodium thiosulfate, Na,S,0s;.

FA 3 is 1.00moldm2 potassium iodide, KI-

FA 4 is starch indicator.

(@) Method

Experiment 1

Label one of the 100cm? beakers.A-and the other 100 cm?® beaker B.
Fill one burette with FA 1. Label this burette FA 1.

Run 20.00cm?3 of FA 1 from the burette into beaker A.

Fill the second burette with FA 2. Label this'burette FA 2.

Run 10.00cm? of FA 2 from the burette into'beaker B.

Use the measuring cylinder to add 20.0cm? of FA 3 to beaker B.
Add 10 drops of FA 4 to beaker B.

Add the contents of beaker A to beaker B and start timing immediately.
Stir the mixture once and place the beaker on the white tile.

Stop timing as soon as the solution turns a dark colour.

Record this time to the nearest second in the space for results.
Wash out both beakers and dry them using paper towel.

Experiment 2

Run 10.00cm?3 of FA 1 from the burette into beaker A.

Run 10.00 cm?3 of FA 2 from the burette into beaker B.

Use the measuring cylinder to add 20.0cm? of FA 3 into beaker B.

Use the same measuring cylinder to add 10.0 cm?3 of distilled water to beaker B.
Add 10 drops of FA 4 to beaker B.

Add the contents of beaker A to beaker B and start timing immediately.

Stir the mixture once and place the beaker on the white tile.

Stop timing as soon as the solution turns a dark colour.

Record this time to the nearest second.

Record all your data in a table. You should include the volume of FA 1, the volume of distilled
water, the reaction time and the rate of reaction for both experiments.
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Use the following formula to calculate the rate of reaction.

1000

rate =———
reaction time

Results

I

II

III

v

A%

VI

[6]

(b) (i) Explain why the concentration of potassium peroxodisulfate used in each experiment is
proportional to the volume of FA 1 used.

(ii) A student thinks that the rate of reaction is proportional to the:concentration of FA 1.
Complete Table 1.1 to suggest volumes of reactants that could be used in a further
experiment to confirm whether the student s correct. Do not carry out this experiment.

Table 1.1

volume/cm?3 volume
FA 1 FA 2 FA'3 distilled water FA 4

10 drops

[2]

(c) A student correctly carried out the method in (a) but had been given a more concentrated
solution of sodium thiosulfate.
State how you would expect the student’s times to differ from yours. Explain your answer.

(d) The potassium iodide is in a large excess in Experiments 1 and 2. Suggest why a large
excess of iodide ions is needed in these experiments.

[Total: 11]
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2 You will carry out an experiment to determine the enthalpy change, AH, when one mole of
ammonium chloride dissolves in water.

FA 5 is ammonium chloride, NH4CZ.

(a) Method
e Weigh the container with FA 5. Record the mass in the space for results.
e Support the cup in the 250 cm3 beaker.
e Use the measuring cylinder to transfer 25.0 cm? of distilled water into the cup.
e Place the thermometer in the water and tilt the cup, if necessary, so that the bulb of the

thermometer is fully covered. Record the temperature of the water at time t = 0.

e Start the stop-clock and leave it running for the whole experiment.

e Measure and record the temperature of the water in the cup every half minute for
2 minutes.

e Att= 2% minutes, tip all the FA 5 into the cup. Stir the contents of the cup.

e Measure and record the temperature of the contents of the cup at t = 3 minutes and then
every half minute up to and including { = 8 minutes.

e Weigh the container with any residual FA 5. Record the mass.

e Calculate and record the mass of FA 5 added.

Results

I

II

I

v

\Y%

[5]

(b) Plot a graph of temperature (y-axis) against time (x-axis) on the grid. You should choose a
scale that allows you to plot 2°C below the minimum temperature reached.
Label any points you consider to be anomalous.

Draw two straight lines of best fit. One line is for the temperature before adding FA 5 and
the other line is for the warming of the solution once the minimum temperature has been
reached.

Extrapolate both these lines to t = 24 minutes.
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II

I

v

[4]
(c) (i) Use your graph to determine the temperature change, AT, at t = 272 minutes.

AT att=2%2minutes = ........cccccenrnrnnnnnnnns °C [1]

© UCLES 2024 9701/35/M/J/24 [Turn over



(ii)

(iii)

(iv)

6

Calculate the energy change, in J, in the reaction.

energy change = .......ccoocevveeiiicicnnnn, J [1]

Calculate the amount, in mol, of ammonium chloride used.

amount of NH,Cl= ... mol [1]

Calculate the enthalpy change, AH, in kJmol™!, when one mole of ammonium chloride
dissolves in water.

TN kdmol™" [1]

(d) Use your results in (a) to calculate the maximum percentage error for the temperature change
from 0 to 4 minutes.

Assume that the maximum uncertainty in a single thermometer reading is £0.5°C.

Show your working.

© UCLES 2024

maximum percentage error = ..........ccccevevvevevennee. % [1]

[Total: 14]
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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. 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) FA 6 is a salt containing a Group1-ion and-an anion that consists of a transition metal and a
non-metal element.
(i) Transfer FA 6 into a'hard-glass test-tube. Heat the tube gently-at first and then strongly.
Record all your observations and identify the gas produced.
The residue is FA 7. You will.use FA 7-in (a)(ii).

OIS EIVALIONS .o e e e e e

Allow FA 7 to cool before starting (a)(ii).
While FA 7 is cooling you may wish to continue with (b)(i).

(i) Put a 2cm depth of acidified aqueous potassium manganate(VII) in a test-tube. Add the
same depth of aqueous sodium hydroxide. Then add FA 7 and stir using the glass rod

for about 30 seconds. Filter the mixture and collect the filtrate.
Record your observations.

Put a 1cm depth of the filtrate in a test-tube. Add sulfuric acid until in excess.
Record your observations.
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(b) (i) FA8 and FA9 are both aqueous solutions of salts. FA 8 contains one cation and
one anion. FA 9 contains two cations and one anion. One of the cations and both anions
are listed in the Qualitative analysis notes.

Carry out the following tests and record your observations in Table 3.1.
For each test use a 1cm depth of FA 8 or FA 9 in a test-tube.

Table 3.1

observations

test
FA 8 FA9

Test 1
Add sulfuric acid.

Test 2

Add aqueous
sodium hydroxide,
then

transfer the mixture
into a boiling tube
and warm.

Test 3

Add a few drops

of aqueous barium
chloride or aqueous
barium nitrate,

then

add nitric acid.

Test 4

Add FA 8 with
shaking until in
excess.

[7]
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(ii) Deduce the identity of the three ions listed in the Qualitative analysis notes that are

(iii)

© UCLES 2024

present in FA 8 and FA 9. Suggest the identity of one other cation.
Give the formula of each ion.
If you cannot identify an ion write ‘unknown’.

FA 8 contains .........coovevveveinneenn. and ..o .

FA 9 contains ........ccoevevveieiieiinnn, and ..o and .....oooceeieiiennn,

Write an ionic equation for one reaction that occurred in Test 2 in Table 3.1.

Include state symbols.

9701/35/M/J/24
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Qualitative analysis notes

1 Reactions of cations

10

cation

reaction with

NaOH(aq) NH,(aq)

aluminium, Al3*(aq)

white ppt. soluble in excess white ppt. insoluble in excess

ammonium, NH,*(aq)

no ppt.
ammonia produced on warming

barium, BaZ*(aq) faint white ppt. is observed unless | no ppt.
[Ba?*(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(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(I1I), 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,™(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*
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3 Tests for gases

1"

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, I2 gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant

R =8.31 Ji"mol;’

Faraday constant

F=9.65 x10*C mol"

Avogadro constant

L = 6.022 x 1023 mol™"

electronic charge

e=-160x10"9C

molar volume of gas

V. =22 4dm3mol-! at s.t.p. (101kPa'and 273K)
V. =24.0dm®mol~" at room conditions

ionic product of water

K. =1.00 x-10-"¥mol2dm=* (at 298K (25°C))

specific heat capacity of water

¢ =4.18kJkg'K~' (4.184gTK")

© UCLES 2024

9701/35/M/J/24




12

- - - - - - - - - - - 0'8€C o'lee 0cee -
wniouaime| wnijegqou wniAs|epusWw wniuwusy wnjuelsule wniuioyes wniexaq wnuno wniouswe wniuonid wniunydeu wnjuein wnjunoejold wnuoyy wnjuioe
n ON PN w4 s3 10 34 wo wy nd dN n ed uL oY splounoe
€0l 20l Lok 0ol 66 86 16 96 G6 6 €6 6 16 06 68
0'GLL L'eLL 6'891 €91 6191 §291 6'851 €451 02stL 051 - vl 60Vl L'ovL 6'8¢l
wnpayn| wniqiapA wninyy wniqse wnjwjoy wnisoldsAp wniqJay wnjuijopef wnidoina wnyewes wniyyawoud wniwApoau wnjwApoaseid wnued wnueyjue|
ni aA wl 13 OH Aq ql PO n3 ws wd PN id 20) e sploueyjuel
VL 0L 69 89 19 99 G9 ¥9 €9 29 19 09 69 89 19
uossauebo auISSaUUd) WINLIOWLIBAI| WINIACOSOW wninosaly wnjuoyiu wnoluiadod wniuabjusos | wnnpejswiep wnuauyaw wnissey wnuyoq wniBiogess wnugnp winipJopaynt wnipes wniouely
60 sL AT N 14 UN uo 6y sd W SH ug bs aa | o | BY E|
8Ll L1l 9Ll SLL 141 €Ll 411 L oLl 60} 801 101 90k S0l 0L €01-68 88 18
- - - 0'60C ¢'L0C ¥'v0C 9°00¢ 0,61 1°G6L el ¢06l 98l 8'€8l 6081 g8l oA 6¢cel
uopel aunejse wnjuojod yinwsiq pes| winijeyy AKinosew plob. wnuneyd winiput wnIWso wniuays ud)sbuny wnjejue} wniuyey wnueq wnisees
uy W od g9 ad 11 BH ny id i1 SO oY M el iH sploueujue) ed sO
98 S8 78 €8 z8 18 08 6L 8L 1L 9/ S/ 172 €L (A LL=1S 9§ SS
elel 6'9¢l 9'/¢cl 8'lcl L8l 8Vl e 67201 7'901 620l Lol = 6'G6 6'¢6 2’6 6'88 9'/8 §'G8
uouax aulpol wnunjja} Auownue un wnipul wniwpes Jonlis wnipejied wnipous wniusyini wnhauyos) wnuapgAjow wnigoiu wniuoaliz wnupk wnnuons wnipigny
X I al as us ul PO by Pd ud ny ol ON AaN 1z A IS qd
S €5 cs 3] 0g 6% 14 Ly 4 14 144 94 [44 34 ov 6¢ 8¢ VA
8'¢€8 6'6L 06. 6V, 9¢L 169 69 G'€9 1’85 6'85 8'GS 6'%S 0¢cs 605 6.V 0'sy Loy 1'6¢
uoydAsy aulwoiq wnjuajes olussie wnjuewssb wnijeb ouiz Jaddoo 19¥oIu Jleqoo uout osauebuew wNIWoJyo wiNipeueA wniuey wnipuess wnio[es wnissejod
I S| S sY 99 €O uz no IN 0D CE| UN 10 A\ 1 ) eD M
9¢ ge e €e 43 33 0e 6¢ 8¢ LC 9¢ S¢ e €C [44 14 0¢ 6l
6'6E §'Ge L'ce oLe 1’82 0'/C eve 0'€e
uobie aulolyo anyns snioydsoyd uool|Is wnuiwnie N —\ F —\ O F @ w N @ m .V MH wnisaubew wn|pos
v 10 S d IS v BN EN
8l L 9l Sl 143 el 43 1%
z0C 06l 09l oyl 0zl 80l SSew olWoje dAfe[l 06
uosu aupony uabAxo usboniu uogled uoloq aweu wnijikiaq
N 4 ¢ N 2 g loquiAs olwoye og !
oL 6 8 L 9 S Jaquinu olwoje ¥ €
(54 0l Koy
wnijay uaboupAy
°H H
4 3
st | 4 | o | o | | & z )
dnolg

Sjuswalg 4o 9|qeL dIpoLiad 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.

9701/35/M/J/24

© UCLES 2024



