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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 In this experiment you will determine the enthalpy change, AH,, for the reaction shown.
NaOH(aq) + CO,(g) - NaHCO,(aq) enthalpy change = AH,
You will react each of sodium hydroxide and sodium hydrogencarbonate with excess dilute
sulfuric acid. You will determine the enthalpy change for each reaction, then use Hess'’s law to
calculate AH..
(a) Reaction of sodium hydroxide with sulfuric acid
2NaOH(aq) + H,S0,(aq) — Na,SO,(aq) + 2H,0(l) enthalpy change = AH,

FA 1 is 2.00 moldm~3 sodium hydroxide, NaOH.
FA 2 is 2.00 moldm™3 sulfuric acid, H,SO,.

Method

e Support a cup in the 250 cm3 beaker.

Use the 50 cm3 measuring cylinder to transfer 30.0 cm? of FA 1 into the cup.

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

e Use the 25cm? measuring cylinder to add 20.0cm? of FA 2 to the FA 1 in the cup.
e  Stir the mixture.

e Measure and record the maximum temperature reached.

e Calculate and record the change in temperature.

Results

II

[2]
(b) Calculations

(i) Calculate the energy change, in J, in your experiment.

energy change = .......ccocceeeeeeeeiinee J [1]
© UCLES 2024 9701/31/M/J/24



3

(ii) Calculate the amount, in mol, of sulfuric acid that reacted with FA 1 in your experiment.

amount of H,SO, = ..., mol [1]

(iii) Calculate the enthalpy change of reaction, AH,, in kJ mol~! of sulfuric acid, for the
neutralisation of NaOH(aq) with H,SO ,(aq).
Show your working.

AHy = oo e kdmol=! of H,SO, [1]

(c) Reaction of sodium hydrogencarbonate with sulfuric acid
2NaHCO4(s) + H,S0O,(aq) — Na,SO,(aq) + 2H,0(l) + 2CO,(9) enthalpy change = AH,

FA 2 is 2.00 moldm™ sulfuric acid, H,SO,.
FA 3 is sodium hydrogencarbonate, NaHCO,.

Method

e Support the other cup in the 250 cm3 beaker.

e Use the 25cm?® measuring cylinder to transfer 25.0 cm3 of FA 2 into the cup.

e Place the thermometer in FA 2 and tilt the cup, if necessary, so that the bulb of the
thermometer is fully covered. Record the temperature of FA 2.

Weigh the container with FA 3. Record the mass.

Adding small quantities at a time, tip all the FA 3 from the container into the FA 2 in the
cup.

Stir the mixture.

Measure and record the minimum temperature reached.

Calculate and record the change in temperature.

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

Calculate and record the mass of FA 3 added.

Results

II

III

[3]
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(d) Calculations

Use your data to calculate the enthalpy change, AH,, in kJmol~' of sulfuric acid, for the
reaction of NaHCO,(s) with H,SO,(aq).
Show your working.

AHy = s i, kJmol~" of H,SO, [3]

(e) The enthalpy change when one mole of sodium hydrogencarbonate dissolves in water is AH,.
NaHCO,(s) + aqg — NaHCO4(aq) enthalpy change = AH,

Using the symbols AH,, AH, and AH, in your answer, use Hess'’s law to deduce an expression
for AH..

NaOH(aq) + CO,(g) > NaHCO4(aq)  enthalpy change = AH,

AH, = oo kdmol-' [1]

(f) A student suggested that the experiment in (c) would be more accurate if 25.0cm? of
3.00 moldm™3 sulfuric acid was used instead of 25.0 cm3 of 2.00 moldm=3 sulfuric acid.

State whether the student’s suggestion is correct.

Explain your answer.

[Total: 13]
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5
2 Sodium sulfite is oxidised when it reacts with excess iodine.
Na,SO;(aq) + I,(aq) + H,0(l) - Na,SO,(aq) + 2HI(aq)
The remaining iodine is then titrated using aqueous sodium thiosulfate.
I,(aq) + 2Na,S,04(aq) - Na,S,04(aq) + 2Nal(aq)

You will determine the integer value of x in the formula of hydrated sodium sulfite, Na,SO;+xH,0,
by titration.

FA 4 is aqueous sodium thiosulfate containing 14.24 g of Na,S,0, in 1.00 dm3.

FA 5 is aqueous iodine, prepared as shown.

e 5.00g of hydrated sodium sulfite is added to 600 cm?3 of 0.100 moldm~23 aqueous iodine.
e The mixture is allowed to stand to ensure that all the sodium sulfite has been oxidised.
e The mixture containing the remaining iodine is made up to 1.00dm?3 with distilled water.

FA 6 is starch indicator.
(@) Method

e  Fill the burette with FA 4.

e Pipette 25.0cm? of FA 5 into a conical flask.

e Add FA 4 from the burette into the conical flask until the colour of the solution changes
to yellow.

e Add 10 drops of FA 6 to the conical flask. Continue titrating until the blue-black colour
just disappears.

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

The rough titre is ..., cme.

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 in the space below, all your burette readings and the volume
of FA 4 added in each accurate titration.

II

I

v

VI

VII

[7]
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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 5 required .......c.ccoceeveveeennnnn. cm? of FA 4. [1]

(c) Calculations

(i)

(ii)

(iii)

(iv)

(v)

(vi)

© UCLES 2024

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

Calculate the amount, in mol, of sodium thiosulfate present in the volume of FA 4 in (b).

amount of Na,S,0,5 = .o, mol [1]

Calculate the amount, in mol, of iodine in 1.00dm3 of FA 5.

amount of I, in 1.00dm3 = ..., mol [1]

Use the information given and your answer to (c)(iii) to calculate the amount, in mol, of
iodine that reacted with sodium sulfite when solution FA 5 was prepared.

amount of I, reacted with sodium sulfite = ............................ mol [1]

Use your answer to (c)(iv) to calculate the relative formula mass, M,, of hydrated
sodium sulfite.

M, of Na,SO4xH,O = ..o, [1]
Calculate the value of x.
Show your working.
X = et [1]
[Total: 14]
9701/31/M1J/24



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 7, FA 8 and FA 9 are dilute ethanoic acid, dilute hydrochloric acid and aqueous silver
nitrate but not necessarily in that order. The solutions of acids have equal concentrations.

(i) You are supplied with strips of magnesium ribbon.
You must not use any other reagents in this part of the question.

Carry out tests to identify each of the three solutions, FA 7, FA 8 and FA 9.
Obtain as much evidence as you can for your identifications.
Use a 1cm depth of solution in a test-tube for each test you carry out.

Record all your observations.

FATIS oo CFABIS oo CFAQIS Lo :
[5]

(ii) Give the ionic equation for the reaction of magnesium with FA 8. Include state symbols.

..................................................................................................................................... [1]
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(b) FA 10 and FA 11 are both aqueous solutions of salts, each of which contains one cation and
one anion listed in the Qualitative analysis notes.

(i) Carry out the following tests and record your observations in Table 3.1.

For Tests 1 and 2, use a 1cm depth of FA 10 or FA 11 in a test-tube.
For Test 3, use a 1cm depth of FA 10 or FA 11 in a boiling tube.

Table 3.1

observations
test

FA10 FA 11

Test 1
Add aqueous ammonia.

Test 2

Add a few drops of
aqueous barium chloride
or aqueous barium nitrate,
then

add dilute hydrochloric
acid.

Test 3

Add aqueous sodium
hydroxide,

then

warm the mixture
carefully,
then

add one piece of
aluminium foil.

[5]

© UCLES 2024 9701/31/M/J/24
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(ii) Use your observations in (b)(i) to complete Table 3.2 by identifying the formulae of the
ions present in FA 10 and FA 11.

© UCLES 2024

If you cannot identify an ion write ‘unknown’.

Table 3.2
cation anion
FA 10
FA 11
9701/31/M/J/24

[2]
[Total: 13]
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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

low

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

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(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(II1), Fe3*(aq)

red-brown ppt. insoluble in excess

red-brown ppt. insoluble in excess

magnesium, Mg?*(aq)

white ppt. insoluble in excess

white ppt. insoluble in excess

manganese(1l),
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)

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

nitrite, NO,~(aq)

NHj 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 [Ca2*(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 2024
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3 Tests for gases

11

test and test result

gas
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=9.65x 104*Cmol"

Avogadro constant

L =6.022 x 10%>mol™"

electronic charge

=-1.60 x 10719C

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™")

© UCLES 2024
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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 Students are told to plan and carry out an experiment to determine the enthalpy change, AH,,
when one mole of anhydrous sodium thiosulfate, Na,S,0;, is hydrated.

Na,S,04(s) + 5H,0(1) - Na,S,0,+5H,0(s)

One student suggested adding five moles of water to one mole of anhydrous sodium thiosulfate
and measuring the temperature change.

Their teacher said that method would not work and suggested another method using Hess’s law.

You will carry out the teacher’s method to determine the enthalpy change, AH,,, when one mole of
hydrated sodium thiosulfate, Na,S,0,°5H,0, is dissolved in water.

Na,S,0,°5H,0(s) + water — Na,S,0,(aq)

You will do this by adding a known mass of hydrated sodium thiosulfate to a known volume of
water and measuring the temperature change when the solid dissolves.

(@) Explain why the student’s suggestion to add five moles of water to one mole of anhydrous
sodium thiosulfate would not be a suitable method to determine AH,.

(b) Teacher’s method
FB 1 is hydrated sodium thiosulfate, Na,S,05°5H,0.

e Support the cup in the 250 cm3 beaker.

e Use the 25cm?® 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 in the space for
results.

Weigh the container with FB 1. Record the mass.

Add all of the FB 1 to the water in the cup.

Stir the mixture. Measure and record the minimum temperature reached.

Reweigh the container and any residual FB 1. Record the mass.

Calculate and record the mass of FB 1 added.

Calculate and record the change in temperature.

© UCLES 2024 9701/32/M/J/24



Results

|
11
11T
v
[4]
(c) Calculations
(i) Calculate the energy change, in J, when FB 1 is added to water.
energy change = .......ccoooeiieeiiiiiennns J [1]

(i) Calculate the enthalpy change, AH,, in kdmol~!, when one mole of hydrated sodium
thiosulfate, FB 1, dissolves in water.

AHy = s e kdmol~' [2]

© UCLES 2024 9701/32/M/J/24 [Turn over
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(iii) The enthalpy change, AH,, when one mole of anhydrous sodium thiosulfate is dissolved
in water is —8.1kJmol~".

Na,S,0,(s) + water - Na,S,0,(aq) AH, = -8.1kJmol™

Use your answer to (c)(ii) and the information given to construct a Hess’s cycle to
calculate AH, in kJ mol~'. Show clearly how you used the data.

(If you were unable to calculate an answer in (c)(ii), assume a value of 31.6kJmol~.
Note this may not be the correct value and the sign has been omitted.)

Na,S,04(s) + 5H,0() —» Na,S,0,°5H,0(s)  AH,

AH, = i o kdmol~ [2]

(d) Asample of FB 1 was contaminated with anhydrous sodium thiosulfate.
State what effect this would have on the temperature change in (b). Explain your answer.

[Total: 11]

© UCLES 2024 9701/32/M/J/24
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6

2  lodate ions contain iodine and oxygen. They have the formula 10, where x is an integer.

In this experiment you will determine the value of x in an iodate. You will first react 10,~ with an
excess of iodide ions, I7, to form iodine, I,.

The amount of iodine produced is then determined by titration with thiosulfate ions, 82032‘.

I,(aq) + 25,0,2(aq) — 2I(aq) + S,042(aq)

FB 2 is 0.100 moldm3 sodium thiosulfate, Na,S,0,.
FB 3 is a solution containing 0.0140 moldm=3 IO, ions.
FB 4 is dilute sulfuric acid, H,SO,,.

FB 5 is 0.500 moldm™3 potassium iodide, KI.

FB 6 is starch indicator.

(@) Method

© UCLES 2024

Fill the burette with FB 2.

Pipette 25.0cm?3 of FB 3 into a conical flask.

Use the 25cm3 measuring cylinder to add 10cm? of FB 4 to the conical flask.

Use the same measuring cylinder to add 10cm? of FB 5 to the conical flask.

Add FB 2 from the burette until the solution turns yellow.

Add 10-15 drops of FB 6 to the solution in the conical flask.

Continue to add more FB 2 from the burette until the blue-black colour just disappears.
Perform a rough titration and record your burette readings in the space below.

The rough titre is .........ccovevevenennnee.. cmd.

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, in a suitable form in the space below, all your burette readings and the volume
of FB 2 added in each accurate titration.

Keep the remaining FB 2 for use in Question 3.

II

III

v

VI

vl

[7]
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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 FB 3 required ...........cccocevevenenene. cm3 of FB 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) Use your answer to (b) and the information given to calculate the amount, in mol, of
iodine formed when 25.0cm3 of FB 3 reacts with 10cm?3 of FB 5.

amountof I, = ... mol [1]

(iii) Calculate the amount, in mol, of IO, ~ ions in 25.0cm? of FB 3.

amount of IO, ~ions = ..., mol [1]

(iv) An unbalanced equation for the reaction of IO, ~ ions with iodide ions, I7, and hydrogen
ions, H*, is shown.

IO =+ ... | HY — ... L+ ... H,0
Use the ratio of your answers to (c)(ii) and (c)(iii) to balance this equation and determine

the value of x.
Show your working.

ratio IOX‘ : 12 S e,

© UCLES 2024 9701/32/M/J/24 [Turn over
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(d) A student carries out the same experiment as in (a) but uses 0.0140moldm™3 IO, ions in
place of FB 3.

Tick the correct box in Table 2.1. Explain your answer.

(If you were unable to determine the value of x in (¢)(iv) or you determined the value of x to
be 2, assume x = 4. Note that this may not be the correct value).

Table 2.1

Volume of FB 2 will be smaller.

Volume of FB 2 will be unchanged.

Volume of FB 2 will be larger.

[Total: 15]
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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  FB 7 is an aqueous solution of a salt containing one cation and one anion, both of which are listed
in the Qualitative analysis notes.

(@) (i) Carry out the following tests using a 1 cm depth of FB 7 in a test-tube for each test.
Record your observations in Table 3.1.

Table 3.1

test observations

Test 1
Add aqueous barium chloride or
aqueous barium nitrate.

Test 2
Add aqueous sodium hydroxide, then

transfer the mixture to a boiling tube
and warm gently, then

add a small piece of aluminium foil.

Test 3
Add aqueous ammonia.

[4]
© UCLES 2024 9701/32/M1J/24



(ii)

(iii)
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The results of the tests in Table 3.1 allow you to deduce one cation and two possible
anions in FB 7.

Deduce which ions may be present in FB 7. Give the formulae of the ions.

cation ......coeeevveennns

[2]
Describe a test to identify which of the possible anions is present in FB 7.

Carry out your test. Record your observations and conclusion.

Question 3 continues on page 12.

9701/32/M/J/24 [Turn over



12
(b) (i) FB 8 and FB 9 are solutions of Group 1 salts. Each contains one anion, both of which
are listed in the Qualitative analysis notes. One of the anions contains oxygen but not
nitrogen. The other anion is a halide.

Carry out tests to identify the two anions. Record your tests and observations in a
suitable form in the space below.

[4]

(ii) Use your observations in (b)(i) to complete Table 3.2 by identifying the formulae of the
anions in FB 8 and FB 9.

Table 3.2
FB 8 FB 9

anion

[1]
(iii) Write an ionic equation for a reaction observed in (b)(i) for one of the anions tested.

Include state symbols.
..................................................................................................................................... [1]
[Total: 14]

© UCLES 2024 9701/32/M/J/24
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Qualitative analysis notes

1 Reactions of cations

14

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.
[Ba2*(aq)] is very low
calcium, CaZ*(aq) white ppt. unless [Ca2*(aq)] is very | no ppt.

low

chromium(IIl), 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. soluble in excess
giving dark blue solution

pale blue ppt. insoluble in excess

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(III), 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,2~(aq)

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

thiosulfate, S,0,2(aq)

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

© UCLES 2024
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3 Tests for gases

15

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 =9.65 x 10*Cmol™’

Avogadro constant

L =6.022 x 102>mol™’

electronic charge

e=-1.60x10""19C

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=® (at 298K (25°C))

specific heat capacity of water c=4.18kJkg K1 (4.18Jg 'K

© UCLES 2024
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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 When ammonium compounds are heated with sodium hydroxide or calcium hydroxide, ammonia
is liberated. The ionic equation for the reaction is shown.
NH," + OH™ - NH; + H,0
FA 1 is prepared by heating 10.0 cm3 of aqueous ammonium chloride, NH,CI(aq), with 25.0 cm? of
2.00moldm™2 sodium hydroxide, NaOH. The sodium hydroxide is in excess. The reaction mixture

is cooled and diluted to 250 cm? with distilled water.

You will determine the concentration of the aqueous solution of ammonium chloride by titrating the
remaining sodium hydroxide from the preparation of FA 1 with a known concentration of sulfuric acid.

2NaOH(aq) + H,S0,(aq) — Na,SO,(aq) + 2H,0(l)

FA 2 is 0.0520 moldm™3 sulfuric acid, H,SO,.
FA 3 is bromophenol blue indicator.

(@) Method
e Fill the burette with FA 2.
e Pipette 25.0cm?3 of FA 1 into a conical flask.
e Add a few drops of FA 3 to the conical flask.
e Perform a rough titration and record your burette readings in the space below.

The rough titre is ......cccoeveeeeceen. 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.

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

Results

11

I

v

VI

vl

[7]
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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 FA1 required .......c.cccoveveeenenn.. cm3 of FA 2. [1]
(c) Calculations

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

(i) Calculate the amount, in mol, of sulfuric acid present in the volume of FA 2 in (b).

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

(iii) Use your answer to (c)(ii) to calculate the amount, in mol, of sodium hydroxide in
25.0cm3 of FA 1.

amountof NaOH = ............ccccovviiinnnee. mol [1]

(iv) Use your answer to (c)(iii) and the information given to calculate the amount, in mol, of
sodium hydroxide that reacted with the ammonium chloride when FA 1 was prepared.

amount of NaOH that reacted with NH,Cl=.............................. mol [2]

(v) Use your answer to (c)(iv) and the information given to calculate the concentration, in
mol dm™3, of the ammonium chloride solution used to prepare FA 1.

concentration of NH,Cl= ... moldm™3 [1]

(d) When ammonia gas is prepared by heating one of its salts with calcium hydroxide, it can be
dried by passing it through a drying agent.
Drying agents for gases include calcium oxide, calcium sulfate, concentrated sulfuric acid
and phosphorus(V) oxide.

Select one of these drying agents and suggest why it is not suitable for drying ammonia gas.

............................................................................................................................................. [1]
[Total: 15]
9701/33/M/J/24 [Turn over
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4 H

A sample of ammonium bromide has been accidentally mixed with another salt.

A student suggests that the percentage purity of the ammonium bromide can be determined by
measuring the change in temperature when a solution is prepared. The enthalpy change when the
sample dissolves in water, AH, can then be calculated and compared with the literature value for
ammonium bromide. You will carry out the student’s experiment.

FA 4 is ammonium bromide, NH4Br, mixed with another salt.

(a) Method
e Support the cup in the 250 cm3 beaker.
e Use the 25cm?® 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 in the space for results.
e \Weigh the container with FA 4. Record the mass.
e Add all of FA 4 to the water in the cup.
e  Stir the mixture gently so that FA 4 dissolves.
e Measure and record the minimum temperature reached.
e Calculate and record the change in temperature.
e Weigh the container with any residual FA 4. Record the mass.
e Calculate and record the mass of FA 4 added to the cup.
Results

II

I

v
[4]

(b) (i) Calculate the energy change, in J, for the reaction.
energy change = ......cccccceeeeeeeeiieneee. J [1]

(ii) When one mole of ammonium bromide dissolves in water the enthalpy change, AH, is

| © UCLES 2024

+16.8kJmol ™.

Use this value to calculate the amount, in mol, of ammonium bromide in the 25.0cm?3 of
solution FA 4 used in your experiment.

Assume that the enthalpy change when the other salt dissolves in water is 0kJmol™".

amount of NH,Brin 25.0cm3 = ..., mol [1]

Eﬁ 9701/33/M/J/24 I
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(iii) Calculate the mass, in g, of ammonium bromide in your sample.

(If you were unable to calculate the amount of ammonium bromide in (b)(ii), then assume
it is 2.06 x 1072mol. This may not be the correct answer.)

mass of NH,Brin sample = ... g [1]

(iv) Hence calculate the percentage by mass of ammonium bromide in your sample.

% by mass of NH,Br= ..., % [1]

(c¢) Another student states that this method is not accurate as the enthalpy change when the
other salt dissolves in water could be exothermic.

Suggest how the calculated value in (b)(iv) would change if the other salt dissolves in water
exothermically. Explain your answer.

............................................................................................................................................. [1]
(d) The maximum uncertainty in a single thermometer reading is £0.5°C.
Calculate the maximum percentage error in your temperature change recorded in (a).
Show your working.
maximum percentage error = ...........ccccceeeeeeeennnee. % [1]
[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

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 5 is a mixture containing two cations and two anions. Three of the ions are listed in the
Qualitative analysis notes.
(i) Carry out the following tests and record your observations in Table 3.1.

Table 3.1

(T -

test observations

Test 1
Heat a spatula measure of FA 5 in
a hard-glass test-tube.

Test 2

Put a 2cm depth of dilute nitric acid
in a boiling tube. Add a spatula
measure of FA 5.

Dilute the solution from Test 2 with an equal volume of distilled water.

Keep the resulting solution for use in (a)(ii). This solution is FA 6.

[3]

| © UCLES 2024 % 9701/33/M/J/24 I
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(ii) Carry out the following tests using a 1cm depth of FA 6 in a test-tube for each test.
Record your observations in Table 3.2.

| © UCLES 2024

Table 3.2

test

observations

Test 1

Add a 1cm depth of sodium
chlorate(I),

then

add aqueous sodium thiosulfate
dropwise.

Test 2
Add aqueous sodium hydroxide.

Test 3
Add aqueous ammonia.

Test 4

Add a 1cm depth of aqueous
copper(Il) sulfate,

then

add aqueous sodium thiosulfate
dropwise until no further change
occurs.

Test 5

Add a few drops of aqueous silver

nitrate,
then

add aqueous ammonia until no
further change occurs.

% 9701/33/M/J/24
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(iii) FA 5 reacts with nitric acid to make FA 6 in Test 2 in Table 3.1.

State a change you would see in one of the observations in Table 3.2 if hydrochloric acid
had been used to prepare FA 6.

(iv) Use your observations in (a)(i) and (a)(ii) to identify the formulae of three of the ions
present in FA 5.

Formulae of ions presentare ......................... and ... and ..., .
(b) FA 7, FA 8 and FA 9 are each known to be propan-1-ol, propanal, propanoic acid or
propanone. No two liquids are identical.
(i) You will carry out tests to identify samples of FA 7, FA 8 and FA 9.
Test 1 has been carried out for you.

Carry out Test 2 and record your observations in Table 3.3.

Table 3.3
observations
test
FA7 FA 8 FA9
Test 1 orange precipitate orange precipitate no change

Put a 1cm depth in a test-
tube. Add a few drops of

2 ,4-dinitrophenylhydrazine
(2,4-DNPH reagent).

Test 2

Put a 1cm depth in a test-
tube. Add a small spatula
measure of solid sodium
carbonate.

[1]

(i) State what you can deduce from Tests 1 and 2 in Table 3.3 about the functional group
present in each of FA7, FA 8 and FA 9.

| © UCLES 2024 % 9701/33/M/J/24 I
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(iii)

| © UCLES 2024

[T -

Describe a test to identify FA 7 and FA 8 using the reagents provided.

Carry out your test. Record your observations and conclusions.

LS 1S
(0] o 1T=T RVZ= 11 [0] 0 F- TP
FA 7 0S oo )
FA 8 iS oo )

[2]

[Total: 15]
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Qualitative analysis notes

1 Reactions of cations

LT

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, Ba2*(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(I), 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(Il1), 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(II),
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,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 [CaZ*(aq)]

sulfite, SO,2~(aq)

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

thiosulfate, S,0,27(aq)

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

| © UCLES 2024
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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 =9.65x 10*Cmol™"

Avogadro constant

L =6.022 x 10%23mol™"

electronic charge

e=-1.60x10""°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~ K" (4.18Jg~ 1K)

| © UCLES 2024 %
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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 In this experiment you will determine the relative formula mass, Mr, of a basic metal carbonate,
MCO,-M(OH),, by a titration method.
FB 1 is the basic metal carbonate MCO,*M(OH),.
FB 2 is a solution containing hydrochloric acid, HCI, and MCI,, prepared using FB 1 as follows.
e 22.50gof FB1, MCO4;*M(OH),, is weighed out.
e 100.0cm? of 5.00 moldm=2 hydrochloric acid (a small excess) is added to FB 1.
e The mixture is left to allow FB 1 to react completely.

MCO,+M(OH),(s) + 4HCI (aq) — 2MCl,(aq) + CO,(g) + 3H,0()

e The resulting solution is made up to 1.00dm3 with distilled water.
e This solution is FB 2.

FB 3 is potassium hydroxide, KOH, of concentration 5.05gdm™3.
FB 4 is thymolphthalein indicator.

(@) Method
e Fill the burette with FB 2.
e Pipette 25.0cm3 of FB 3 into a conical flask.
e Add a few drops of FB 4 to the conical flask.
e Perform a rough titration and record your burette readings in the space below.

The rough titre is ..o, 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 in the space below, all your burette readings and the volume
of FB 2 added in each accurate titration.

II

I

v

VI

VII

7]
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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 FB 3 required ...........cccvevevevennnen. cm? of FB 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 potassium hydroxide present in 25.0cm?3 of FB 3.

amountof KOH = ..........cccooiiiiiiinnn, mol [1]

(iii) Give the ionic equation for the reaction of hydrochloric acid with potassium hydroxide
during the titration. Include state symbols.

Hence calculate the concentration, in moldm=3, of hydrochloric acid in FB 2.

concentration of HCIl= ........cccoooiiiiiiiinnn.. moldm™3

(iv) Use the information about FB 2 and your answer to (c)(iii) to calculate the relative
formula mass, M,, of MCO,*M(CH),,

M, of MCO*M(OH), = ..o 2]

(d) A student suggested that the procedure used in (a) would be more accurate if the mass of
FB 1 used to prepare solution FB 2 is doubled. No other change to the procedure is made.

Explain why the student is not correct.

[Total: 15]
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2

In this

experiment you will determine the relative atomic mass, Ar, of metal M by thermal

decomposition of the same basic metal carbonate, MCO,M(OH),, FB 1.

(a) Method

Weigh the empty crucible with its lid. Record the mass in the results section.
Transfer all of the FB 1 from the container into the crucible.

Weigh the crucible, lid and FB 1. Record the mass.

Calculate the mass of FB 1 used. Record this mass in the space for other results.
Place the crucible and contents on a pipe-clay triangle.

Heat the crucible gently, with the lid on, for approximately 1 minute.

Heat strongly, with the lid off, for a further 5 minutes.

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

During the cooling period, you may wish to begin work on Question 3.

When the crucible is cool, weigh the crucible with its lid and contents. Record the mass.
Place the crucible and contents on the pipe-clay triangle. Remove the lid.

Heat strongly for a further 2 minutes.

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

When the crucible is cool, reweigh the crucible with its lid and contents. Record the
mass.

Calculate the mass of residue obtained. Record this mass in the space for other results.

Results

mass of empty crucible and lid S e ———

mass of crucible, lid and FB 1 (before heating) = ...

mass of crucible, lid and FB 1 (after first heating) = ...

mass of crucible, lid and FB 1 (after second heating) = ......ccccccvvvvinenen.

Other results

|- -

II

I

v

[4]

(b) Calculations

(i) When FB 1 undergoes thermal decomposition, the products are the metal oxide, MO,

| © UCLES 2024

carbon dioxide and water vapour.
Give the equation for the thermal decomposition of FB 1. Include state symbols.
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(ii) The amount, in mol, of carbon dioxide produced is given by the following formula.

(iii)

(iv)

(c) (i)

(ii)

(iii)

| © UCLES 2024

mass loss during heating
(M, of CO,, + M, of H,0)

Calculate the amount, in mol, of carbon dioxide produced in (a).

amount of CO,, =

amount of CO, = ..., mol [1]

Calculate the relative formula mass, M,, of the basic metal carbonate.

M, of MCO4*M(OH), = ..o [1]

Use your answer to (b)(iii) to calculate the relative atomic mass, A, of metal M.
Show your working.

Explain why the headings for the third and fourth readings in the results section in (a) are
not suitable.

State whether or not your experiment would be more accurate if the crucible and its
contents were heated for a third time. Explain your answer by referring to your results
in (a).

A student carries out the experiments in Questions 1 and 2. The student expects the
value of the M, of MCO4*M(OH), obtained by thermal decomposition in Question 2 to be
more accurate than the value of the M, obtained by titration in Question 1.

State one reason why the student expects the experiment in Question 2 to be more
accurate.

[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:
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) FB 5 is a compound containing one cation and one anion, both of which are listed in the
Qualitative analysis notes.
(i) Heat a small spatula measure of FB 5 in a hard-glass test-tube until no further change

occurs.
Record your observations.

..................................................................................................................................... [2]
(ii) Describe another test to positively identify the cation in FB 5.
Carry out your test and record your observations.
L5 P
ODSEIVALIONS ..o
[1]

| © UCLES 2024 % 9701/34/M/J/24 I
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(iii) Put a 1cm depth of dilute hydrochloric acid in a test-tube. Add a small spatula measure
of FB 5.
Record your observations.

(iv) Deduce the formula of FB 5.

FB 5S covveoveeeeeeeeeeeeeeeeenn. . [1]

Question 3 continues on page 8.

2024 ﬁ 9701/34/M1J/124 [Turn over I
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(b) You will devise chemical tests to distinguish between the two possible identities given for
each of compounds FB 6, FB 7, FB 8 and FB 9.

In each case you should:

e use a 1cm depth of the solution of the unknown compound in a test-tube
use a boiling tube if you need to warm a mixture

use a spatula measure of the unknown solid

record details of your test(s) and your observations

state your conclusion about the identity of the compound.

(i) FB 6 is either aqueous chromium(IIl) sulfate or aqueous iron(Il) sulfate.

FB BIS vvoeeeeee oo eeee e, . 12]

(ii) FB 7 is either dilute hydrobromic acid or dilute nitric acid.
If you select a test that gives a negative result, then you must carry out a further test that
gives a positive result.

2123 AT . 12]

(iii) FB 8 is either magnesium carbonate or zinc carbonate.

FB 8IS wvvoeeeee oo e eeeeeeeeeeee e 2]

| © UCLES 2024 % 9701/34/M/J/24 I
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(iv) FB 9 is either aqueous methanol or aqueous ethanol.
Note: FB 9 is flammable and should not be heated with a flame.
(When carrying out your test you may need to leave the reaction mixture to stand.)

212X . 12]

[Total: 14]

2024 %‘g 9701/34/M/J/24 I



* 0019655525110 *

Qualitative analysis notes

1 Reactions of cations

T

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, Ba2*(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(I), 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(Il1), 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(II),
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,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 [Ca2*(aq)]

sulfite, SO,2~(aq)

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

thiosulfate, S,0,27(aq)

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

| © UCLES 2024
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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 =9.65x 10*Cmol™"

Avogadro constant

L =6.022 x 10%23mol™"

electronic charge

e=-1.60x10""°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~ K" (4.18Jg~ 1K)

| © UCLES 2024 %
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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 to 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, K,S,O4.
FA 2 is 0.00500 moldm™2 sodium thiosulfate, Na,S,0,.

FA 3 is 1.00moldm™ potassium iodide, KI.

FA 4 is starch indicator.

(@) Method

Experiment 1

Label one of the 100cm? beakers A and the other 100cm? 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 10.00 cm3 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.

© UCLES 2024 9701/35/M/J/24
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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 is 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.

© UCLES 2024
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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%aminutes = ........ccccccvrnrrnnnnnnnns °C [1]
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(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 = ..........cccveevvevevennee. % [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 Group 1 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).

(0] o 1-Y= V2= 11 [0] o TR OTPTOPT

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.

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



8
(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]

© UCLES 2024 9701/35/M/J/24
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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 .

FA9 contains ........ccoeveveeeeiieiann, and ..o and .....oooeeieiien,

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. soluble in excess
giving dark blue solution

pale blue ppt. insoluble in excess

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), 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, 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*

© UCLES 2024
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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 =9.65 x 10*Cmol™’

Avogadro constant

L =6.022 x 102>mol™’

electronic charge

e=-1.60x10""19C

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=® (at 298K (25°C))

specific heat capacity of water c=4.18kJkg K1 (4.18Jg 'K

© UCLES 2024
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