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Quantitative analysis
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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 answer to each step of your calculations.

1 Hydrogen peroxide, H,0,, reacts rapidly with acidified potassium manganate(VII), KMnO,,.
5H,0,(aq) + 2MnO,~(aq) + 6H"(aq) — 50,(g) + 8H,0(l) + 2Mn2*(aq)

You will determine the concentration of a solution of hydrogen peroxide. You will first dilute the
solution and then carry out a titration with acidified potassium manganate(VII).

FA 1 is aqueous hydrogen peroxide, H,O.,,.
FA 2 is 0.0300 moldm™ potassium manganate(VII), KMnO,.
FA 3 is 1.0 moldm™3 sulfuric acid, H,SO,.

(@) Method
Dilution of FA 1

*  Pipette 25.0cm? of FA 1 into the 250 cm? volumetric flask.
«  Add distilled water to make 250 cm3 of solution.

*  Shake the flask thoroughly.

e Label this diluted solution of hydrogen peroxide FA 4.

Titration

*  Fill the burette with FA 2.

*  Rinse the 25.0cm? pipette with distilled water and then with FA 4.

*  Pipette 25.0cm?3 of FA 4 into a conical flask.

*  Use the 25cm3 measuring cylinder to add 10cm? of FA 3 to the conical flask.
*  Perform a rough titration and record your burette readings in the space below.

The rough titre is = ..., cm>.

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

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

* Record, in a suitable form in the space for results, all your burette readings and the
volume of FA 2 added in each accurate titration.

Keep FA 1 for use in Questions 2 and 3.
Keep FA 2 for use in Question 3.
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(b) From your accurate titration results, calculate a suitable mean value to use in your calculations.
Show clearly how you obtain the mean value.

25.0cm3 of FA 4 required .......c.ccooeeveeveen. cm3 of FA 2. [1]
(c) Calculations

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

(ii) Calculate the amount, in mol, of manganate(VII) ions in the volume of FA 2 in (b).

amount of MNO,~ = ... mol [1]

(iii) Calculate the amount, in mol, of hydrogen peroxide in 25.0 cm? of FA 4.

amount of H,O, = ..o mol [1]

(iv) Calculate the concentration, in moldm=3, of hydrogen peroxide in FA 1.

concentration of H,0, in FA1 = ..., moldm™=3 [1]
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(d) A student suggests that the experiment would be more accurate if a 10 cm? pipette is used to
measure FA 3 in place of the measuring cylinder.

State whether the student’s suggestion is correct. Explain your answer.
Include a calculation as part of your explanation.

[Total: 14]
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You will now determine the concentration of a solution of hydrogen peroxide by a different method.

Hydrogen peroxide decomposes slowly into water and oxygen at room temperature. This reaction
is exothermic. When a catalyst is added, the decomposition is fast and there is a measurable
temperature rise.

H,0,(aq) — H,0(l) + 20,(q) AH = -98.2kJ mol™’

FA 1 is aqueous hydrogen peroxide, H,0,.
FA 5 is manganese(IV) oxide, MnO,,.

(a) Method

Experiment 1

Support one of the cups in the 250 cm? beaker.

Use the 50 cm3 measuring cylinder to add 25.0 cm?® of FA 1 to the cup.

Place the thermometer in the FA 1 and tilt the cup, if necessary, so that the bulb of the
thermometer is fully covered. Record the temperature in the space for results.

Add a heaped spatula measure of FA 5 to the solution in the cup.

Stir constantly until the maximum temperature is reached. Record this temperature.
Calculate and record the temperature rise.

Rinse and dry the thermometer.

Experiment 2

Support the second cup in the 250 cm?3 beaker.

Use the 50 cm3 measuring cylinder to add 40.0cm? of FA 1 to the second cup.
Measure and record the initial temperature of the solution.

Add a heaped spatula measure of FA 5 to the solution in the second cup.

Stir constantly until the maximum temperature is reached. Record this temperature.
Calculate and record the temperature rise.

Keep FA 5 for use in Question 3.

Results

| © UCLES 2025

II

I

v

[5]

; ,J: 9701/33/M/J/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

* 0000800000007 *

= TN

(b) Calculations
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(i) Calculate the energy change, in J, in Experiment 2.

energy change = .......oevvvvevviveeennn. J [1]

(ii) Use the information given and your answer to (b)(i) to calculate the concentration, in
moldm=3, of hydrogen peroxide in FA 1.

concentration of H,O, in FA1 = ..., moldm=3 [2]

(c) The concentration of hydrogen peroxide in FA 1 calculated using the method given for
Question 1 is more accurate than that using the method given for Question 2.

(i) Heat loss is a large source of error when carrying out the method for Question 2.

Describe and explain the effect of heat loss on the value of the concentration of hydrogen
peroxide calculated.

(ii) A student suggests that calculating the concentration of hydrogen peroxide using the
method in Question 2 would be less accurate when the concentration is lower.
Suggest whether the student is correct. Explain your answer.

[Total: 10]
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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
* 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 (a) (i) Transfer a 2cm depth of FA2, KMnQO,, into a test-tube. Add the same volume of

(ii)

| © UCLES 2025

aqueous sodium hydroxide followed by a small spatula measure of FA 5, MnO,,. Stir for
approximately 30 seconds then filter the mixture into a second test-tube.

ODSEIVALIONS ...
Add dilute sulfuric acid to the filtrate until no further change.

(0] 01T V7= 1410 1<

Transfer a 1 cm depth of aqueous iron(II) sulfate into a boiling tube. Add the same depth
of dilute sulfuric acid followed by a very small spatula measure of FA 5, MnO,,. Carefully
warm the mixture using a Bunsen burner for about 20 seconds. Filter the warm mixture
into a test-tube.

(o] o1 1=T V7= 11 (0] o F- TS USRS OO PR RUPUPPPORt

Add aqueous sodium hydroxide dropwise to the filtrate until no further change.

(o] o XY= V= 11 [0] o - T TP TTRPTI
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(iii) Suggest a conclusion about the chemical behaviour of FA 5§ using your observations in

(a)(ii).

FA 50S @ClNG @S ooiiiiiiiiiiii i [1]

(iv) Write an ionic equation for the reaction between aqueous sodium hydroxide and the
filtrate in (a)(ii). Include state symbols.

Question 3 continues on page 10.
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(b) FA6 and FA 7 are both aqueous solutions of salts. Neither solution includes an ion that
contains sulfur.

FA 6 contains two cations and one anion. Two of the ions are listed in the Qualitative analysis
notes.
FA 7 contains one cation and one anion. One of the ions is listed in the Qualitative analysis
notes.

(i) Carry out the following tests and record your observations in Table 3.1.
Use a 1cm depth of FA 6 or FA 7 in a boiling tube for Test 1. Use a 1 cm depth of FA 6 or
FA 7 in a test-tube for Tests 2, 3 and 4.

Table 3.1

observations

test
FA 6 FA7

Test 1

Add aqueous sodium
hydroxide,

then

warm gently.

Test 2

Add acidified aqueous KMnO,
dropwise until no further
change.

Test 3

Add an equal volume of FA 1,
H,0,,

then

add a few drops of starch
solution.

Test 4
Add aqueous sodium
carbonate.

[6]
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(ii) The anion in FA 6 does not contain nitrogen. Select one further reagent to identify the
anion present in FA 6.
Carry out a test with this reagent and record your observations in Table 3.2.

Table 3.2

reagent observations

[1]

(iii) Give the formulae of the ions present in FA 6 and FA 7. If you are unable to identify an
ion from your tests, write ‘unknown.’

The ions presentin FA6 are .......c...cccceo...... F=1 3 [o [ and ..., .

The ions presentin FA7 are ......................... and ... .

[3]

[Total: 16]

| © UCLES 2025 % 9701/33/M/J/25 I



* 0000800000012 *

ORI

| © UCLES 2025

12

BLANK PAGE

9701/33/M/J/25

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

* 0000800000013 *

ORI

| © UCLES 2025

13

BLANK PAGE

9701/33/M/J/25



* 0000800000014 *

T RN

Qualitative analysis notes

1 Reactions of cations

11—

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.
[BaZ*(aq)] is very low
calcium, Ca%*(aq) white ppt. unless [Ca2*(aq)] is very | no ppt.

low

chromium(IIl), Cré*(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(I), 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),
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, 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*

I © UCLES 2025
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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, I2 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 104*Cmol"

Avogadro constant

L =6.02 x 102 mol™"

electronic charge

e=-1.60x10"1°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 %

9701/33/M/J/25




* 0000800000016 *

NIOHVIN SIHL NI 31IdM LON Od NIOYVI SIHL NI 3LI4dM LON Od NIOHVIN SIHL NI 31IdM LON Od NIOYVI SIHL NI 3LIdM LON Od NIOHVIN SIHL NI 31IdM LON Od

O T
D ©
T o
5 c
o
ES
T ©
© e
2o
£3
- - - - - - - - - - - 0'8€C o'lee 0'cee - c ®
wniouaime| wnijaqou wniAajapuaW wnjwlay wnjuie)suId wnjuiojjea wni@iaq wnuno wniouawe wnuoynid wniunydau wnjuein wnjunoejoud wnuouyy wnunoe = '®
o >
n ON PN w4 s3 10 34 wo wy nd dN n ed uL oY sploupoe £2
c =
€0l 20l 10l 00l 66 86 16 96 G6 ¥6 €6 6 16 06 68 o %
0'6.1L Lesl 6891 €191 691 G2l 6851 €151 0¢sl 7051 - [A441 6'0vl Loyl 6'8¢€l 3 ,.M
wnpan| wniquapA wninyy wniqie wniwjoy wnisoldsAp wnigJey wniuijopef wnidoina wnuewes wniyyawoud wniwApoau wnjwApoaseid wnued wnueyjue| rUu =
kel
°
n7 aA wl 13 OH Aa aL PO n3 ws wd PN id L0) e sploueyjue| o8
VL 0L 69 89 19 99 G99 9 €9 29 19 09 69 89 19 m. 2
o
s
© c
2 £
g 3
- - - - - - Z Z Z Z - - Z - Z - - £ o
uossauebo auissauua) winNLoWLBAY| wniAcosOW wnirosal wnjuoyiu wnpjwedoo | wnueblusos | wnipelswiep | wnuaupew wnjssey wnuyoq wnibioqeas wnjugnp wnipopayIn wnipes wnpuely W W
T o
60 sL A oW 14 UN uo 6y s ) SH ug bs ad | wowes | BY i g5
8l L 9Ll Sk il el cll L oLl 601 801 101 901 Gob Yol €0L-68 88 /8 m M
- - - 0602 .02 ¥'v0C 9002 0261 1'g61 c'zel 206} 298l 8'€8l 6081 g8LlL €LEL 6°¢el ] %
uopel suneise wniuojod yinwsiq pea) wnijeyy Knosew ploB wnupeyd wnipul wniwso wniuays uajsBuny wnjejue} wniuey wnueq wniseed © m
0
uy W od 9 qd 1L BH ny id I SO 9 M el H spiovetyue, ed $O 23
98 S8 ¥8 €8 28 18 08 6. 8. 1L 9/ 7 V. €L cL V1-1G 9g SS 2 2
Q3 '¢]
elel 6'9¢l 9'/¢cl 8'lcl L8l 8yl veLb 67201 7°901 67¢0l 1’1ol - 6'G6 6'¢6 2'l6 6'88 9'/8 G'G8 o .m N
uousx auIpol wnunjje) Auownue uy wnipul wniwpeo 18A1IS wnipejied wnipoy. wniuayin wnnauyos} wnuapgAjow wnigoiu wniuooliz wnupk wnnuoxs wnipigny 55 W
© X I 9L as us ul PO by pd ud ny oL O AaN 1z A ) qd G 2 W
- ¥S €5 s LS 0S (94 14 yA4 o 14 144 924 44 34 or 6¢ 8¢ A ..n_lnm _.W [S]
8'€8 6'6L 06L 6v. 9¢L 169 69 G'e9 189 6'89 8'GS 6'vS 0¢s 605 6Ly 0'Sy Loy 1'6¢€ M - b=y
uoydAsy aulwouq wnuajes oluasie wniueulab wnyjeb ouiz Jaddoo |oxoIu 1]eqoo uoul asauebuew wniwoJiys wnipeueA wniuey wnipuess wnioes wnissejod % m —O/J
© o
M 19 9S sY ) 9] uz no IN 00 o4 UiN 10 N L oS €0 M o 8
9¢ S€ 123 €€ [4 3 0og 62 8¢ L2 9 14 e €C [44 14 0C 6l M " %.
— 6'6€ §'Ge Lce 0le 14 0'/¢ €ve 0€e 2 % 5
— uobue auuolyo anyns snioydsoyd uool|is wnuiwne NF F_\ OF ® w N @ m .V m” wnisaubew wn|pos ..m £ %
—_— = [CANS
] v 10 S d IS v BN EN s<2
— cC o @
— 8l Ll 9l Sl vl €l 43 L =
— kel
— (44 06l 09k oyl (x4% 80} Sseuw dlwoje aAle|al 06 69 o 2 m
x X
— uoau auuonyy uabAxo uaBonu uogueo uosoq sweu wnyieq wniyy Ko
_ [
== °N 4 o) N 0 g loquis olwoye og 1 TIe
— ok 6 8 A 9 S Jaguinu olwoje ¥ [ W m o 5%
——— 0y 0l Koy G 8y ik
— wniey uaboupAy — O %
_— O -~ ®
== | °H H e g2
——— ¢ b 32 82
— g5¢
= o | 4 [ a | o | n [ e | oz | 385
— ST T
_— =
Sjuswa|g JO d|qe] JIPoLdd @ ZED
_ [ 'e]
— } 13 jo 9jqe] dipolidd a3yl .sm..mu 8
_ o - Q N
— £5 m %)
— T Ego W
2532 3
— o 23
sz 9
@ 3 =]
— RP<® O



