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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 You will determine the enthalpy change, AH, of the reaction between magnesium and hydrochloric
acid. To do this you will measure the change in temperature when a piece of magnesium ribbon
reacts with an excess of hydrochloric acid.

Mg(s) + 2HCl(aq) — MgCl,(aq) + H,(g)

FA 1 is hydrochloric acid, HCL
FA 2 is magnesium ribbon, Mg. You should assume its mass is 0.19g.

(@) Method

Support the cup in the 250 cm® beaker.

Coil FA 2 so that it will fit into the bottom of the cup then remove it.

Use the measuring cylinder to transfer 25.0 cm® of FA 1 into the cup.

Place the thermometer in the acid and, if necessary, tilt the cup so that the bulb of the

thermometer is fully covered. Measure and record the temperature at time = 0 in the

table of results.

e  Start timing and do not stop the clock until the whole experiment has been completed at
time = 8 minutes.

e Record the temperature of FA 1 in the cup every half minute for 1% minutes.

At time = 2 minutes carefully drop the coil of FA 2 into the acid and stir the mixture.
e Record the temperature every half minute. Stir the mixture between thermometer

readings.
Results

i i 1 1 1 1

time / minutes 0 > 1 13 2 25 3 35 4
temperature/°C

time / minutes 41 5 52 6 63 7 7% 8
temperature/°C

[4]
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3

(b) Plot a graph of temperature (on the y-axis) against time (on the x-axis) on the grid.
The scale for the y-axis should extend 10 °C above the maximum temperature you recorded.

Circle any points you consider to be anomalous.
You will use the graph to determine the theoretical maximum temperature rise at

time = 2 minutes.

Draw two lines of best fit, the first for the temperature before adding FA 2 and the second for
the cooling of the mixture. Extrapolate both lines to 2 minutes and determine the theoretical

rise in temperature at this time.

theoretical rise in temperature at 2 MINUIES = .......coooiiiiiiiiiiiiiee e °C [4]
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(c) Calculations

(i) Use your answer to (b) to calculate the energy change when FA 2 is added to FA 1.
(Assume 4.2 J of energy changes the temperature of 1.0 cm® of the mixture by 1.0 °C.)

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

(i) Use your answer to (c)(i) to calculate the enthalpy change, AH, in kJ mol™, when 1 mol
of magnesium, FA 2, reacts with hydrochloric acid, FA 1.

AH= .. e kJ mol™
(sign)  (value) [2]

(d) A student repeats the procedure, but instead of hydrochloric acid, uses sulfuric acid, H,SO,,
of the same concentration. The student predicts that the enthalpy change will be twice the
value of the enthalpy change with hydrochloric acid.

Explain whether the student’s prediction is correct.

(e) The enthalpy change determined in (c)(ii) is not accurate.

Suggest and explain one improvement you could make to the method in (a) to increase the
accuracy of the experiment.

a0 T e2Y7=T0 0 T= o | S PP PPPRPT PPN

EXPIANALION ..oiiiiiiiiiieeeeee e

[Total: 13]
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2 You will determine the concentration of the hydrochloric acid, FA 1, used in Question 1 by titration
of a diluted solution of FA 1 with agueous sodium carbonate of known concentration.

Na,CO,(aq) + 2HCl(aq) — 2NaCl(aq) + H,O() + COL(g)

FA 3 is a diluted solution of FA 1, HCL FA 3 was prepared by diluting 10.0 cm® of FA 1 to 250 cm®
with distilled water.

FA 4 is a solution containing 1.25 g Na,CO, in each 250 cm?.

The indicator is bromophenol blue.

(&) Method
e  Fill a burette with FA 3.
e Use the pipette to transfer 25.0 cm® of FA 4 into a conical flask.
e Add approximately 10 drops of bromophenol blue.
e Carry out 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.

¢ Make certain any recorded results show the precision of your practical work.

e Record in a suitable form below all of your burette readings and the volume of FA 3
added in each accurate titration.

[7]

(b) Calculate the mean titre of FA 3. Show clearly how you obtained this value.

Mean titre Of FA 3 = ..o, cm?®. [1]
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(c) Calculations

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

(i) Calculate the number of moles of sodium carbonate present in 25.0 cm® of FA 4.

moles of Na,CO,in 25.0cm® 0f FA 4 = ......cccovcvniinrinnnns mol [1]
(iii) Calculate the concentration, in mol dm=3, of hydrochloric acid in FA 3.

Na,CO,(aq) + 2HCl(aq) — 2NaCl(aq) + H,O() + CO,(g)

concentration of HCIin FA3 = ..........c....... mol dm~ [1]

(iv) Calculate the concentration of hydrochloric acid in FA 1.

concentration of HCIin FA 1= ................... mol dm™3 [1]

(v) Show, by calculation, that the amount of hydrochloric acid used in Question 1(a) was in
excess of the amount of magnesium used.

[1]

[Total: 13]
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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,;

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

No additional tests should be attempted.

3 (a) FA5is a salt containing three ions all of which are listed in the Qualitative analysis notes.

Place a small spatula measure of FA 5 in a hard-glass test-tube and heat for no longer than
one minute. Record all your observations.

© UCLES 2019 9701/03/SP/22 [TU rn over



(b) FA 6 is an aqueous solution of FA 5.
FA 7 is an aqueous solution of a salt containing two ions.

Carry out the tests and record your observations in Table 3.1.

Table 3.1

test

observations

FA 6

FA 7

Test 1

To a 0.5 cm depth of
solution in a boiling tube
add aqueous sodium
hydroxide, then

Allow to cool, add a piece
of aluminium foil and
warm again.

Test 2

To a 1 cm depth of
solution in a test-tube add
2 or 3 drops of aqueous
acidified potassium
manganate(VII).

Test 3

To a 1 cm depth of
solution in a test-tube add
a 2 cm depth of aqueous
hydrogen peroxide, then

leave to stand for about a
% minute.

Test 4

To a 1 cm depth of solution
in a test-tube add 2 or 3
drops of aqueous barium
chloride or aqueous
barium nitrate, then

add a 1 cm depth of dilute
nitric acid.

Wash the test-tubes after
use.

© UCLES 2019
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(c) Identify as many ions present in FA 6 and FA 7 as possible from your observations in (a) and

(b).

Write the formulae of the ions in Table 3.2. If an ion cannot be positively identified from the

tests, write ‘unknown’ in the space.

Table 3.2

cations

anions

FA 6

FA 7

[3]

(d) Write an ionic equation for a precipitation reaction occurring in (b). Include state symbols.
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Qualitative analysis notes
1 Reactions of cations
cation reaction with
NaOH(aq) NH,(aq)
aluminium, A%*(aq) white ppt. soluble in excess white ppt. insoluble in excess

ammonium, NH,"(aq)

no ppt.
ammonia produced on warming

low

barium, Ba2*(aq) faint white ppt. is observed unless | no ppt.
[Ba%*(aq)] is very low
calcium, Ca®*(aq) white ppt. unless [Ca®*(aq)] is very | no ppt.

chromium(ll1), Cr¥*(aq)

grey-green ppt. soluble in excess
giving dark green solution

grey-green ppt. insoluble in excess

copper(ll), Cu®*(aq)

pale blue ppt. insoluble in excess

pale blue ppt. soluble in excess
giving dark blue solution

iron(ll), 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(111), Fe**(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(ll), 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

Z nc, Zn**(aq)

white ppt. soluble in excess

white ppt. soluble in excess

2 Reactions of anions

anion

reaction

carbonate, CO,*

CO, liberated by dilute acids

chloride, Ci (aq)

gives white ppt. with Ag*(aq) (soluble in NH,(aq))

bromide, Br7(aq)

gives cream/ off-white ppt. with Ag*(aq) (partially soluble in NH,(aq))

iodide, 17(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,*"(aq)

gives white ppt. with Ba®*(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca®*(aq)]

sulfite, SO,* (aq)

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

thiosulfate, S,0,* (aq)

gives white ppt. slowly with H*

© UCLES 2019
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3 Tests for gases

11

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

Important values, constants and standards

molar gas constant

R=8.31JK mol™?

Faraday constant

F=09.65x 10*C mol™

Avogadro constant

L =6.022 x 10°° mol™

electronic charge

=_160x107°C

molar volume of gas

V_ =224dm*mol™ at s.t.p. (101 kPa and 273 K)
V_ =24.0 dm*> mol™" at room conditions

ionic product of water

K,, = 1.00 x 107 mol* dm™ (at 298 K (25 °C))

specific heat capacity of water

c=4.18kJkgt K (4.18J g K™D

© UCLES 2019

9701/03/SP/22

[Turn over

PMT



PMT

12

- - - - - - - - - - - 0'8ee 0'1€C 0¢cee -
wniouaIme| wniggou wniAajapuaL wniuuay wniuRIsud wniuioyes wni@3aq wnuno wnioLawe wnuoinid wniumdau wniuen wniupoejold wnoyy wniunoe
n ON PN W s3 10 g wy | wy nd dN n ed uL oy splounoe
€01 c0T 10T 00T 66 86 16 96 S6 v6 €6 26 16 06 68
0'S.T TELT 6'89T €91 6797 S29T 6'85T €/ST 0¢sT ¥'0ST - a4’ 6°0vT TovT 6'8ET
wnnain| wnigienk wninyy wnique wniwjoy wnisoldsAp wnique) wniujopef wnidoina wniewes wniyawoid wniwApoau wniwApoaseid wnuad wnueyue|
n7 aA W 3 OH Aa aL 3} n3 ws | wd PN id o) €] sploueyUE|
TL 0L 69 89 19 99 99 9 €9 29 19 09 65 85 pAc]
uossauebo auIssauud) WINLOWIBAI| wniA0Isow wniAoIR) wnuoyiu wnoiuladod wniuabjuaos wnipelsuwep wnuauyaw wnissey wnuyoq wnibloqeas wniugnp wnipiopayini wnipel wnouely
6o SL A N 14 UN ud b6y sa N SH ugd bs ad S| souce | Y 14
81T 11T 91T STt it €Tt 41 Tt 0Tt 60T 80T 20T 90T S0T 0T €01-68 88 18
- - - 0'60¢ 2¢'L0C v'v0c 9°00C 06T T'S6T 2'¢6T 06T 2’981 8'€8T 6°08T S'8LT €LET 6'¢ceT
uopel aupeise wniuojod yinwsiq pes) winijfey) Kinassw piob wnuped wnipuy wniwso wnjuay. uaysBum wnfejue) wniugey wnieq wniseed
uyd w 0d 19 ad 1L BH ny 1d 1 SO 9y M el H spioveyel ed SO
98 S8 v8 €8 8 18 08 6L 8L LL 9L SL 12 €L 2L T.-LS 98 fete]
€TeT 6°9¢T 9'/eT 8'T¢T L'8TT 8Tl vert 6'20T ¥'90T 6'¢0T T70T - 6°G6 6'¢6 16 688 9'/8 §'68
uouax auIpol wnunjjey Auownue un wnipul wniwpes JENTS wnipejed wnipoys wnuayn wnnauyoa) wnuapgAjow wnigoiu wniuodz wnumnk wnpuons wnipigny
ax I al as us ul o) By pd uy ny oL oW aN iz A IS ay
S €S cs 18 0S 67 8y Ly o 14 144 14 474 114 or 6€ 8¢ A
8'€8 6°6L 06L 6L 9¢L 169 '99 S€9 185 685 8'SS 6'vS 0cs 6'0S 6LV o'svy Tov T6e
uoldAy aulwolg wniua|es oluasse wniuewsab wnijeB ouiz 1addod [ENRI 11eqod uosn asauebuew wniwoyd wnipeueA wniuen wnipuess wniojes wnissejod
I 1g 89S SY 99 =) uz no IN 0D o4 U 10 A} 1L S eD A
9g Ge e €e (4 1€ og 6¢ 8¢ L2 9¢ Ge e €e [44 TC (74 6T
6'6€ g'se Tce 0'Te T8¢ 0'/¢ eve 0€C
uoBire auuojyd anyns snioydsoyd uoaljis wnjuiwne ct 11 0]} 6 8 L 9 S 14 € wnisauBew wnipos
v 12 S d IS v B eN
8T YA 9T ST 4 €T 4% T
¢0c 06T 09T ovT oct 8'0T SSeuw ojwore aAneal 06 69
uoau auuonyy uabAxo uabonu uogled uoloq awreu wnyiki1aq winiyy|
aN 4 o} N o) g [ogwiAs dlwoye og n
ot 6 8 L 9 S Jaquinu djwole v €
(V74 0T Ao M
wniay uaboipAy
9H H
4 T
8T LT 9T aT 7 14 €T 4 T
dnoio

S1uaWia|3 JO 9|geL d1poLad ayL

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every

reasonable effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the

publisher will be pleased to make amends at the earliest possible opportunity.

Cambridge Assessment International Education is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of the University of

Cambridge Local Examinations Syndicate (UCLES), which itself is a department of the University of Cambridge.

9701/03/SP/22

© UCLES 2019





