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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 your working and appropriate significant figures in the final answer to each step of your calculations.
1 Washing soda consists of hydrated sodium carbonate, Na,CO,*10H,0. When it is stored it loses
some of its water of crystallisation to leave Na,CO,*xH,O. Since water has been lost x is no longer

an integer.

Youwill carry out atitration to determine the value of x. You will titrate a solution of the sodium carbonate
with hydrochloric acid.

The equation for the reaction is shown.
Na,CO,*xH,O(aq) + 2HCI(aq) — 2NaCl(aq) + CO,(aq) + (x+1)H,O(l)
FB 1 is an aqueous solution containing 11.30gdm= of Na,CO,*xH,0.

FB 2 is 0.100 moldm-3 hydrochloric acid, HCL
bromophenol blue indicator

(@) Method
e Fill the burette with FB 2.
e Pipette 25.0cm? of FB 1 into a conical flask.
e Add afew drops of bromophenol blue indicator.
e Carry out a rough titration and record your burette readings in the space below.

The rough titreis ......................... cmd.

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.

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

VI

VIl

[7]
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(b) From your accurate titration results, obtain a value for the volume of FB 2 to be used in your
calculations. Show clearly how you obtained this value.

25.0cmi of FB 1required .......ccccoovvveeeeninnnn. cm®of FB 2. [1]

(c) Calculations

(i)

(i)

(iii)

(iv)

© UCLES 2021

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

Calculate the number of moles of hydrochloric acid present in the volume of FB 2 you
calculated in (b).

moles of HCI= ......ccccoooiiiiiiiiiiinnnnn, mol [1]

Use the equation on page 2, and your answer to (c)(ii), to calculate the concentration, in
moldm=3, of Na,CO,*xH,O present in FB 1.

concentration of Na,CO,exH,O = ..., moldm= [1]
Calculate the value of x in this sample of Na,CO,*xH,O.

Show your working.

[Total: 14]
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2 When anhydrous sodium carbonate dissolves in water the following reaction occurs.
Na,CO,(s) + ag — 2Na*(aq) + CO,*(aq)

The enthalpy change for this reaction is the enthalpy change of solution of anhydrous
sodium carbonate. Its value is —28.1 kJmol.

You will use this information to find the percentage purity of an impure sample of anhydrous
sodium carbonate.

FB 3 is a sample of impure anhydrous sodium carbonate.
(&) Method
Experiment 1

Weigh the cup and record the mass.

Place between 1.9g and 2.1g of FB 3 in the cup. Record the mass of the cup + FB 3.

Calculate and record the mass of FB 3 used.

Support the cup in the beaker.

Place 25.0cm?® of distilled water into the measuring cylinder. Measure and record the

temperature of the water.

Place the water in the cup and stir until all the solid dissolves.

e Place the thermometer in the solution and record the highest temperature reached. Tilt the
cup if necessary so that the bulb of the thermometer is fully covered.

e Rinse the cup and shake dry ready to carry out Experiment 2.

Experiment 2

e Repeat the experiment using between 3.9g and 4.1 g of FB 3 and 25.0 cm? of water.
e Record your results in the same way as in Experiment 1.

Results

[5]
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(b) Calculations
(i) Use your results from Experiment 1 to calculate the heat energy, in J, released when the

FB 3 dissolves.
(Assume 4.2 J of heat energy changes the temperature of 1.0 cm? of solution by 1.0°C.)

heatenergy = ......ccccccvviinnnnn, J [1]

(i) Use the information on page 4 to calculate the number of moles of anhydrous
sodium carbonate needed to release the amount of energy in your answer to (b)(i).

moles of Na,CO, = .....cccooiviiiiiiiiiins mol [1]

(iii) Calculate the mass of anhydrous sodium carbonate present in the number of moles in
your answer to (b)(ii).

mass of Na,CO,; = ....cccvveiviiiiieiiie, g [1]

(iv) Useyouranswerto (b)(iii) to calculate the percentage purity of anhydrous sodium carbonate
in FB 3.

percentage purity = ........ccccvevevveveeennnnn. [1]

(c) In (b)(iv) you calculated the percentage purity of anhydrous sodium carbonate in FB 3.

What did you assume about the impurity present?
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(d) You carried out two experiments to measure the temperature change when anhydrous
sodium carbonate was dissolved in water.

Complete the sentence below to explain which of these experiments was more accurate.

Your answer should not make reference to the fact that different masses of sodium carbonate
were used.

Experiment .................... Was more accurate beCaUSE ..........ccvviiiiiiiiiiiieie e

[Total: 11]
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Qualitative analysis

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

At each stage of any test you are to record details of the following:

e colour changes seen

e the formation of any precipitate and its solubility in an excess of the reagent added
e the formation of any gas and its identification by a suitable test.

You should indicate clearly at what stage in a test a change occurs.

If any solution is warmed, a boiling tube must be used.

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

No additional tests for ions present should be attempted.

3 (a) FB 4 and FB 5 each contain one cation and one anion from those listed in the Qualitative
Analysis Notes.

Carry out the following tests and record your observations.

observations

test
FB 4 FB 5

Test 1

Heat a spatula measure of
solid in a hard-glass
test-tube gently at first and
then more strongly, then

leave the tube to cool.

Test 2

To a small spatula measure
of solid in a boiling tube
add a 2cm depth of dilute
sulfuric acid.

[5]
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(b) FB 6 is a solution prepared by reacting FB 4 with dilute sulfuric acid.
FB 7 is a solution prepared by reacting FB 5 with dilute sulfuric acid.
In each test use a 1cm depth of FB 6 or FB 7 in a test-tube. Carry out the tests and record your
observations.

observations
FB 6 FB 7

test

Test 1
Add a 1cm depth of aqueous edta.

Test 2
Add aqueous sodium hydroxide until no
further reaction occurs.

Test 3
Add aqueous ammonia until no further
reaction occurs.

Test 4
Add a 1cm length of magnesium ribbon
and leave to stand for a few minutes.

Test 5
Add a 2cm depth of aqueous potassium
iodide, then

add a few drops of starch indicator.

Test 6

Add concentrated hydrochloric acid
(CARE) drop by drop until no further
change is seen.

Wash the test-tube thoroughly with
plenty of water once your observations
are complete.

[7]
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(c) Complete the table with the formula of each cation and each anion in FB 4 and FB 5. If you are
unable to identify an ion write ‘unknown’.

FB 4

FB 5

cation

anion

[2]

(d) Write the ionic equation for the reaction between FB 6 and magnesium. Include state symbols.
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Qualitative analysis notes

1 Reactions of aqueous cations

ion

reaction with

NaOH(aq) NH,(aq)
aluminium, white ppt. white ppt.
Al**(aq) soluble in excess insoluble in excess
ammonium, no ppt. B
NH,*(aq) ammonia produced on heating
barium, faint white ppt. is nearly always 16 pot
Ba?*(aq) observed unless reagents are pure PPt
calcium, , o -
Ca*(aq) white ppt. with high [Ca?*(aq)] no ppt.

chromium(l1l),

grey-green ppt.

grey-green ppt.

Cré¥*(aq) soluble in excess insoluble in excess
copper(ll), pale blue ppt. pale blue ppt. soluble in excess
Cu?'(aq) insoluble in excess giving dark blue solution
. green ppt. turning brown on contact green ppt. turning brown on contact
iron(ll), . .
Fe? (aq) with air with air
q insoluble in excess insoluble in excess
iron(l11), red-brown ppt. red-brown ppt.
Fe®*(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg?*(aq) insoluble in excess insoluble in excess

manganese(ll),

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

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

2+
Mn*(aq) insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?(aq) soluble in excess soluble in excess

© UCLES 2021
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ion reaction
carbonate, CO, liberated by dilute acids
CO,>
chloride, gives white ppt. with Ag*(aq) (soluble in NH,(aq))
Cl(aq)
bromide, gives cream ppt. with Ag*(aq) (partially soluble in NH,(aq))
Br-(aq)
iodide, gives yellow ppt. with Ag*(aq) (insoluble in NH,(aq))
1-(aq)
nitrate, NH, liberated on heating with OH-(aq) and Al foil
NO; (aq)
nitrite, NH, liberated on heating with OH-(aq) and Al foil
NO, (aq)
sulfate, gives white ppt. with Ba?*(aq) (insoluble in excess dilute strong acids)
SO,*(aq)
sulfite, gives white ppt. with Ba?*(aq) (soluble in excess dilute strong acids)
SO,*(aq)

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 (ppt. dissolves with excess CO,)

chlorine, Cl,

bleaches damp litmus paper

hydrogen, H,

‘pops’ with a lighted splint

oxygen, O,

relights a glowing splint

© UCLES 2021

9701/32/M/J/21

PMT



PMT

12

- - - - - - - - - - - 0'8€C 0'Tee 0'cee -
winiouaIMme| wniagou wniAsjepuUswW wniuway wniuLIsuId winjuoyes wnijaxaq wnuna wniouawe wniuonid wniumdau wniuein wniunoelosd wnuoyy wniunoe
1 ON PN w4 s3 10 Ad wo wy nd dN n ed uL v spiounoe
€0T 20T T0T 00T 66 86 16 96 S6 V6 €6 6 16 06 68
0'G.T TELT 6°89T €/.9T 6'79T §CoT 685T €8T 07est 05T - a44% 6°0VT TovT 6'8€T
wnnain wnigianAk wninyy wniqie wniwioy wnisoldsAp wniqJey wniuijopeh wnidoina wnuewes wniylswoud wniwAposu | wniwApoaseid wnuao wnueyue|
n1 aA wl 13 OH AqQ aL PO n3 ws wd PN id 0] e splouetue]
17A 0L 69 89 19 99 <9 9 €9 29 179 09 65 89 1S
WINLIOWIAAY wnincsaY wniuedos | wnushusos | wnipelsuuep | wnusuIBW wnissey wnuyoq wniBlogeas wniugnp wnipiopayIn wnipel winiouely
A 14 uo b6y sd N SH ug bs aa | o | BY 14
9Tt 4V f41% T 01T 60T 80T 10T 90T S0T 0T €0T-68 88 /8
- - - 0'60¢ ¢'L0C v'v0C 9'00¢ 0°L6T T'S6T [A4:1% 06T 98T 8'e€8T 6°08T S'8.T €LET 6°CET
uopel auneise wnuojod yinwsiq pes| wnijrey) Kinasew plob wnuped wniput wniwso wniuays uaisbuny wnpeue) wniugey wnueq wnisaed
ud W od Id ad 11 BH ny d ]| SO 9y M el iH spioueuue) ed $O
98 S8 8 €8 28 18 08 6L 8L L 9L S L €L 2L 1,715 95 feie]
€T1eT 6'9¢T 9/eT 8'T¢T L'8TT 8VTT et 6°L0T 7'90T 6¢0T T'10T - 656 6¢6 16 688 9.8 §'s8
uouax auipol wnunjis) Auownue un wnipul wniwpes 19AIS wnipejred wnipoyl wnuayIn wnnauyoey wnuapgAjow wnigoiu wniuoduiz wnumA wnpuons wnipigni
X I a1 as us ul po by Pd ud ny oL ON aN 1z A IS ad
S €S 4] T8 0S 61 8y Ly 4 Sy 144 a4 t174 114 or 6€ 8¢ LE
8'e8 66L 0'6L 6L 9¢L 169 7’59 egote] 1'8G 6'85 8'SS 675 0¢s 605 6Ly 0'Sy Tov T6e
uoidAny auiwoiq wniua|es olussse wniuewssb wnired ouiz J1addoa [T 1[eqod uou asauebuew wniwoiyd wnipeueA wniuen wnipuess wniofes wnissejod
M ig oS SV 99 =) uz no IN 0D 94 UN 0] A L 39S €D A
9€ Se e €€ ce 1€ 0g 62 8¢ L2 9¢ S¢ e €e 44 TC 0¢ 6T
6'6E §'ge Tce 0Te T8c 0le eve oee
uobre auLoyd nyins snioydsoyd uooliIs wniuiwnge et 11 (0] 6 8 L 9 S 14 € wnisauBew wnipos
v 30) S d IS v BN eN
8T LT 91 ST 4 €T T T
20e 06T 09T ovT 0¢t 80T SSew dlwoje aAle|al 06 69
uoau autonyy uabAxo uafoniu uogreo uoloq aweu wnijkiaq wniy|
aN | o) N o) | loquiAs oiwoye og n
0T 6 8 L 9 S Jaguinu olwoye v €
[eh4 0T >®V_
wnay uaboipAy
oH H
Z T
8T LT 9T 7 aT 7 T €T 4 T
dnoio

Ssluswa|3 Jo a|qel 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.

9701/32/M/J/21

© UCLES 2021





