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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 answer to each step of your calculations.

1  When a metal carbonate reacts with a suitable acid, carbon dioxide is produced. You will determine
the relative formula mass, M,, of a metal carbonate by reacting it with excess hydrochloric acid
and measuring the mass of gas produced.

FA 1 is the metal carbonate.
FA 2 is 2.00moldm™3 hydrochloric acid, HCL.

(a) Method

Use the measuring cylinder to transfer 30.0cm? of FA 2 into a conical flask.

Weigh the conical flask containing FA 2. Record the mass.

Weigh the container with FA 1. Record the mass.

Tip all the FA 1 slowly into the conical flask. When the reaction slows, swirl the flask
gently.

Weigh the container with any residual FA 1. Record the mass.

e Calculate the mass of FA 1 added. Record the mass.

e Leave the conical flask and its contents for 15 minutes. Swirl the flask occasionally during
this time.

During this period begin work on Question 2.

e After 15 minutes weigh the flask and its contents. Record the mass.

II

I

[3]
(b) Calculations

(i) Use your readings to calculate the mass of carbon dioxide produced.

mass of CO, = ..o g [1]
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(ii) The ionic equation for the reaction of FA 1 with FA 2 is shown.

CO,%7(aq) + 2H*(aq) > CO,(g) + H,O(I)

Calculate the relative formula mass, M,, of the metal carbonate FA 1. Show your working.

M of FA1 = ... [2]

(c) (i) A student carries out the experiment as described in (a), except that the acid used is

15°C colder than the acid you used. The student calculates the M, correctly from the
readings obtained.

State whether the value of the M, calculated by the student is higher or lower than the
value you calculated in (b)(ii). Explain your answer.

(ii) Another student suggests that the experiment will be more accurate if the conical flask is
tilted carefully to an almost horizontal position while the reaction is taking place.

Explain why the student is correct.

(d) State the uncertainty in a single balance reading.
uncertainty = ... g

Give an expression that would enable you to calculate the percentage error in your weighing
of FA1.

[1]

[Total: 10]
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The relative formula mass, M,, of metal carbonate FA 1 can also be determined by titration of a
solution of FA 1 with an acid such as hydrochloric acid.

CO,4%(aq) + 2H*(aq) - CO,(g) + H,O(l)

FA 3 is an aqueous solution of FA 1 containing 15.50 gdm™3 of the metal carbonate.
FA 4 is a solution of hydrochloric acid containing 4.02gdm= of HCL.
FA 5 is bromophenol blue indicator.

(@) Method
e Fill the burette with FA 4.
e Pipette 25.0cm? of FA 3 into a conical flask.
e Add a few drops of FA 5 into the same conical flask.
e 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.
e Make sure any recorded results show the precision of your practical work.
e Record all your burette readings and the volume of FA 4 added in each accurate titration.

I

II

I

v

A%

VI

VII

[7]

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

25.0cm3 of FA 3 required ..........ccoccevevenrnnne.. cm3 of FA 4. [1]
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(c) Calculations

(i)

(ii)

(iii)

(iv)

(v)

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

Calculate the amount, in mol, of hydrochloric acid present in the volume of FA 4
calculated in (b).

amountof HCI=.............................. mol [1]

Calculate the concentration, in moldm=3, of metal carbonate in FA 3.

concentration of metal carbonate iINnFA3 = ..........ccccccvvininn. moldm=3 [1]

Calculate the relative formula mass, M, of the metal carbonate in FA 1.

M, of metal carbonate = ... [1]

The metal carbonate in FA 1 is hydrated sodium carbonate, Na,CO4°xH,0.
Calculate the value of x to the nearest whole number. Show your working.

(d) Describe a different method to determine the value of x in FA 1.
This method should not involve the reaction of an acid. Explain how the method will ensure
that the value of x is as accurate as possible.

| © UCLES 2024
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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 (@ ()

(ii)

(iii)

| © UCLES 2024

FA 6 contains one cation and one anion both of which are listed in the Qualitative analysis
notes.

Heat a small spatula measure of FA 6 in a hard-glass test-tube, until no further change
OCCurs.

Record all your observations. Identify any gas produced.

Allow the residue to cool for 2 minutes. Then transfer a small quantity of the residue
from (a)(i) into a test-tube containing a 2cm depth of dilute sulfuric acid. Shake the
test-tube.

Record your observations.

Give the equation for the reaction in (a)(ii).
Include state symboils.

% 9701/33/0/N/24
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(b) FA 7 is a sample of the solution produced by the experiment described in (a)(ii).
FA 8 is a solution of a salt containing one anion.
(i) Use a 1cm depth of FA 7 in a test-tube for each of the following tests.
Record your observations in Table 3.1.
Table 3.1
test observations

Test 1
Add aqueous sodium hydroxide.
Test 2
Add aqueous ammonia, then
add dilute hydrochloric acid.
Test 3
Add aqueous sodium carbonate.
Test 4

Add several drops of FA 8, then

add a few drops of aqueous
starch.

Test 5

Add a small spatula measure of
iron powder. Leave the test-tube
to stand.

Test 6

Add a few drops of aqueous
barium nitrate or aqueous
barium chloride.

[6]
(i) Carry out a different test from those you have already carried out in (b)(i) to confirm the

identity of the anion in FA 8.
Record the reagent(s) used and your observations and give the formula of the anion.

The formula of the anion iN FA8is ...........cccceeiiiinnnnnn. . 2]

(iii) List all the numbered tests you carried out in (b)(i) which involved redox reactions.
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(iv) Give the ionic equation for the reaction taking place in Test 5 in (b)(i).
Include state symboils.

8

[Total: 15]
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Qualitative analysis notes @
'_
1 Reactions of cations =
|_
14
cation reaction with =
o)
NaOH(aq) NH,(aq) §
aluminium, Al 3*(aq) white ppt. soluble in excess white ppt. insoluble in excess
ammonium, NH,*(aq) no ppt. -
ammonia produced on warming >
0]
barium, Ba%*(aq) faint white ppt. is observed unless | no ppt. %
[Ba2*(aq)] is very low >
T
calcium, CaZ*(aq) white ppt. unless [CaZ*(aq)] is very |no ppt. Z
low E
14
chromium(IIl), Cr3*(aq) | grey-green ppt. soluble in excess grey-green ppt. insoluble in excess E
giving dark green solution 2
copper(Il), Cu?*(aq) pale blue ppt. insoluble in excess pale blue ppt. soluble in excess 8
giving dark blue solution
iron(Il), Fe2*(aq) green ppt. turning brown on green ppt. turning brown on
contact with air contact with air %
insoluble in excess insoluble in excess e
=
iron(II), 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 E
manganese(Il), MnZ*(aq) | off-white ppt. rapidly turning brown | off-white ppt. rapidly turning brown §
on contact with air on contact with air 5
insoluble in excess insoluble in excess g
zinc, Zn?*(aq) white ppt. soluble in excess white ppt. soluble in excess =
2 Reactions of anions %
anion reaction »
T
carbonate, CO32‘ CO, liberated by dilute acids E
chloride, Cl~(aq) gives white ppt. with Ag*(aq) (soluble in NH,(aq)) E
=
bromide, Br ~(aq) gives cream/off-white ppt. with Ag*(aq) (partially soluble in NH,(aq)) 5
z
iodide, I7(aq) gives pale yellow ppt. with Ag*(aq) (insoluble in NH,(aq)) Q
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,, %
o
sulfate, 8042—(aq) gives white ppt. with Ba2*(aq) (insoluble in excess dilute strong acids); g
gives white ppt. with high [Ca%*(aq)] 2
'_
sulfite, 8032‘(aq) gives white ppt. with Ba2*(aq) (soluble in excess dilute strong acids); Z
decolourises acidified aqueous KMnO,, E
thiosulfate, 82032‘(aq) gives off-white/pale yellow ppt. slowly with H* ;
. zZ
I © UCLES 2024 @ 9701/33/0/N/24 I Q
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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 104Cmol™"

Avogadro constant

L =6.022 x 1023mol™’

electronic charge

=-1.60 x 1071°C

molar volume of gas

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

ionic product of water

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

specific heat capacity of water

c=4.18kJkg "K' (4.18Jg'K™")

I © UCLES 2024 @

9701/33/0/N/24



GradeMax

Chemistry - 2024*-00008000000a2¢er 33 - QP - Cambridge

NIOHVIN SIHL NI 31IdM LON Od

NIOHVI SIHL NI 3LIdM LON Od

NIOHVIN SIHL NI 31I4M LON Od

NIOHVI SIHL NI 3LIdM LON Od

- - - - - - - = = - - 08¢ o'lee 0'zee -
wniouaime| wni@gou wniAsepusw wniwiey wnjuigjsuis wniulojijea wni@yieq wnuno wnpouawe wnuoynid wniunydau wnjuean wniuoejold wnuoyy wnjunoe
n ON PN w4 s3 o) 1g wo wy nd dN N ed ulL oy splouoe
€0l [40]% oL (0[0]% 66 86 16 96 G6 76 €6 6 L6 06 68
0'SLL LeLL 6'891 €191 691 G291l 6'8G1 €'/G1 0¢sL 051 - IA 44" 6071 Loyl 6'8€L
wnnayn| wnigepk wninyy wnigse wniwjoy wnisoidsAp wnigJe} wnjuijopef wnidoina wnuewes wniyyawoud wniwApoau wniwApoaseid wnuad wnueyjue|
n aA wy E| OH Aa ql PO n3 ws wd PN id Elo) e sploueyue
L 0L 69 89 19 99 <99 9 €9 29 19 09 69 89 pA)
uossauebo auIssauua) WNLOWJIBAI| wniAcosow [LINXCIETTE wnjuoyiu wnoluladod wnjuabiusos wnnpejsuuep wnuauysw wnissey wnuyoq wniBiogess wniugnp wnipJogayini wnipes wniouel)
6o sl AT oN 14 UN ug OS] sd N SH ug bs aa Jis ey 14
8Ll Ll 9Ll Sl 141 el clL L okl 601 801 101 901 (0] 0L €01-68 88 18
- - - 0'60¢C ¢'L0C 7'v0C 900 0261 L'g6l c'zel 206l 298l 8'e8l 6081 g'8LL €Lel 6'cel
uopel aunejse wnjuojod yinwsiq pes| wnijeyy Ainosaw plob wnunerd wnipul wniwso wniuays ua)sbuny wnjejue) wnjujey wnueq wnisaed
uy 1\ od 19 ad 1L BH ny d 11 SO oy M el H | soveaus | BF sO
98 g8 8 €8 8 18 08 6L 8. LL 9/ GL YL €L cL [WAAe] 99 [e1%)
elel 6'9¢L 9/cL g'LecL L'8LL 8Vl 7Ll 6°L01 7’901 620l Lol - 6'S6 626 Z'l6 6'88 9'/8 G'G8
uouax aulpol wnunj@y Auownue un wnipul wniwpeo JaA|Is wnipe|ed wnipoysd wniuayini wnnauyosy wnuapgAjow wnigolu wniuooanz wnupk wnhuons wnipign
ax I al as us ur PO v Pd uy ny o]l oW aN 4 A IS qy
S €G 4] 1S 0s 67 514 Ly 14 14 144 (54 [44 4 (04 6¢ 8¢ A
8'€8 6'6. 0'6L 6. 9L 169 'G9 G'e9 1’89 6'89 8'GS 6'vS 0'2s 6°09 6Ly 0'Gy Loy L'6¢
uoydAsy aulwolq wniugles oluasie wniuewJab wnyjeb ouiz Jaddoo [&o1u 1/eqoo uout asauebuew wniwouyo wnipeuea wniueyy wnipuess wnioes wnissejod
M g S sy 99 €9 uz no IN 0D 94 U 1 A 1L oIS €D |
9¢ Ge e €€ 4 3% (0159 62 8¢ 12 9C 14 e €C (44 %4 0c 6l
6'6€ §'ge (4 o'Le 1’82 0’22 58 74 0'ee
uobie auuojyd anyns snioydsoyd uoolIs wniuiwnje N _\ —\ F O —\ @ w N © m .V MU wnisaubew wnipos
Iy 12 S d IS v BN eN
8l Ll 9l Gl vl €l cl 41
20C 06l 09k oyl 0k 80} Sseuwl olwoje sAnelsl 06 69
uosu auuon|} uabAxo usbonu uogJed uoloq aweu wnijikiaq wniyy|
oN E| 0 N ) g [oqwiAs olwo)e og 1
ol 6 8 L 9 S Jaquinu olwoje 14 €
(84 o'l
wnisy uabouipAy >0!
oH H
4 l
st | 4 | o | o | w | e z )
dnoug

Sjuawialg 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.

NIOHVIN SIHL NI 31IdM LON Od

9701/33/0/N/24

© UCLES 2024



