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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 You are to determine the enthalpy change for a metal displacement reaction using a known volume
and concentration of copper(Il) sulfate and an excess of powdered zinc.
Cu?(aq) + Zn(s) — Zn?(aq) + Cu(s)

FB 1 is 0.80moldm=2 copper(Il) sulfate, CuSO,.

FB 2 is zinc, Zn.
(a) Method
e Weigh the container with FB 2. Record the mass.
e Support the cup in the 250 cm?® beaker.
e Use the 50 cm?® measuring cylinder to transfer 30.0cm? of FB 1 into the cup.
e Place the thermometer in the solution. Measure and record the initial temperature of the

solution. This is the temperature at time zero, t = 0.

Start timing and do not stop the clock until the whole experiment has been completed.
Measure and record the temperature of the solution every half minute for 2 minutes.

At time t = 23 minutes tip all the FB 2 into the solution and stir the mixture.

Measure and record the temperature of the mixture at { = 3 minutes and every half minute
until £ = 9 minutes. Stir the mixture between thermometer readings.

Weigh the container with any residue of FB 2. Record the mass.

e Calculate and record the mass of FB 2 added to the solution.

Results
I

H H 1 1 1 1 II

time/minutes 0 2 1 17 2 25 3 37 4
i

temperature/°C v
time/minutes 41 5 57 6 65 7 7% 8 81 9
temperature/°C

[4]
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(b) (i) Plota graph of temperature on the y-axis against time on the x-axis on the grid. The scale
for temperature should extend 5°C above your highest recorded temperature. You will use
this graph to determine the theoretical maximum temperature rise at 2% minutes. [3]

(i) Draw two lines of best fit through the points on your graph. The first line should be for the
temperature before adding FB 2 and the second for the cooling of the mixture.

Extrapolate the two lines to 23 minutes. Draw a vertical line at 23 minutes. Determine the
theoretical rise in temperature at this time.

theoretical rise in temperature at 2% minutes = ......ccvveeeiiieeeeeeees °C [2]

© UCLES 2022 9701/34/0/N/22 [Turn over



(c) Calculations

(i) Calculate the amount, in mol, of copper(II) sulfate in FB 1 added to the cup in (a).

amount of CuSO, = ......ccoieiiiiieiee mol [1]

(ii) Show that the amount of zinc you added was in excess.

[1]

(iii) Use your answer to (b)(ii) to calculate the heat energy, in joules, given out when FB 2 is
added to FB 1.

heatenergy = .......cccevvvvvceenenenn. J [1]

(iv) Calculate the enthalpy change of reaction, AH, for the reaction carried out in (a).
Show your working.

(d) A student carries out two further experiments using method (a). In the first experiment, FB 1 is
made using a fresh sample of hydrated copper(II) sulfate, CuSO,*5H,0.
In the second experiment, FB 1 is made using an old sample of hydrated copper(Il) sulfate.
The same mass of solid is used to make the solutions in these experiments.

In the second experiment, the student obtains a value for AH. that is 10.7 kdmol-' greater in
magnitude than the value from the first experiment.

Suggestwhat may be deduced about the formula of the old sample of hydrated copper(II) sulfate.

The water of crystallisation is greater than 5.

The formula, CuSO,+*5H,0, is correct.

The water of crystallisation is less than 5.

Tick the appropriate box and explain your answer.

[Total: 15]
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5

2 Many metal carbonates, such as copper(Il) carbonate, exist as basic carbonates. These are a
combination of the metal carbonate and a base of the metal.

Abottle is labelled copper(II) carbonate, CuCO,. You will carry out a gravimetric experiment to see
whether the formula given is correct.

CuCO,(s) — CuO(s) + CO,Q9)

FB 3 is copper(Il) carbonate and may have the formula CuCO,.

(a) Method
e Weigh a crucible with its lid. Record the mass.
e Add 1.50-1.80g of FB 3 to the crucible.
e Weigh the crucible and lid with FB 3. Record the mass.
e Place the crucible on the pipe-clay triangle. Heat the crucible, with the lid on, gently for

approximately 1 minute and then strongly for another minute.
Remove the lid. Heat the crucible strongly for about 4 minutes.
e Replace the lid and leave the crucible and residue to cool for at least 5 minutes.

While the crucible is cooling you may wish to begin work on Question 3.

e Reweigh the crucible and contents with its lid. Record the mass.
Calculate and record the mass of FB 3 added to the crucible.
e Calculate and record the mass of the residue obtained.

Keep the residue for use in 2(d).

Results

II

I

v

[4]
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(b) Calculations

(i)

(ii)

(iii)

The residue obtained in (a) is copper(Il) oxide.

Calculate the amount, in mol, of copper(Il) oxide formed on heating.

amount of CuO = ........ccccvvvvviiiiiniinns mol [1]

Calculate the mass lost on heating the copper carbonate.

mass lost = .......cccccvvieei e, g

Assuming the formula for FB 3 is CuCO,, calculate the amount, in mol, of carbon dioxide
lost on heating.

(c) Another bottle of copper(ll) carbonate was labelled basic copper(ll) carbonate but part of the
label giving the formula had been torn and only showed ‘CuCO,*Cu...".

Suggest a formula for basic copper(II) carbonate.

One possible formula for basic copper(Il) carbonate is ..................ccc . 1]

(d) (i)

(ii)

© UCLES 2022

It is possible that FB 3 did not decompose fully on heating in (a).

Explain how you would change the method used to ensure decomposition was complete.

Select a reagent to use to test whether your sample of FB 3 has decomposed completely.
[TV =T o | PR

Carry out your teston the residue from (a). Record your observations. State your conclusion.

[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.

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

No additional tests should be attempted.

3 Half-fill the 250cm?® beaker with water and place it on a tripod and gauze. Heat the water until
boiling then switch off your Bunsen burner. This will be your hot water bath.

(@) FB 4 is an aqueous solution containing one cation and one anion, both of which are listed in
the Qualitative analysis notes.
FB 5 is an aqueous solution of an organic compound which contains a functional group which
is one of an alcohol, an aldehyde or a carboxylic acid.

(i) For each test use a 1cm depth of FB 4 in a test-tube. Record all your observations.

© UCLES 2022

test

observations

Test 1
Add aqueous ammonia, then

add aqueous EDTA.

Test 2
Add a 2cm depth of aqueous EDTA,
then

add a few drops of aqueous
sodium hydroxide, then

add a 1cm depth of FB 5 and place
the test-tube in the hot water bath.

9701/34/0/N/22
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test

observations

Test 3
Add a strip of magnesium ribbon and
leave the test-tube for 1 minute.

[5]

(ii) The anion in FB 4 is either a halide or an anion containing sulfur.

(iif)

Select reagents to positively identify the anion.

Carry out your tests and record the reagents used and your observations in a suitable form

below.

Identify the compound in FB 4 from your observations.

The formula of FB 4iS ...couveveiieeiiieiieeean .

[3]

[1]

(iv) Give an ionic equation for a reaction in Test 3. Include state symbols.
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9
(b) Reheat your water bath to boiling then switch off your Bunsen burner.
Prepare Tollens’ solution for use in Test 1 as follows:
Place a %cm depth of aqueous silver nitrate in a test-tube. Add 1 or 2 drops of aqueous
sodium hydroxide to form a brown precipitate. Shake the tube then add aqueous ammonia

dropwise with shaking until the precipitate just dissolves.

When you have completed Test 1 pour the contents of the test-tube down the sink with plenty
of water and rinse the test-tube.

(i) Use a 1cm depth of FB 5 in a test-tube for each of the following tests.

test observations

Test 1

Add a 1cm depth of Tollens’ solution
and place the test-tube in the hot
water bath.

Test 2

Add 1 or 2 drops of acidified
aqueous potassium manganate(VII)
and place the test-tube in the hot
water bath.

Test 3
Add a 1cm depth of aqueous
sodium carbonate.

3]
(ii) FB 5 contains afunctional group which is either an alcohol, an aldehyde or a carboxylic acid.

State which functional group is present. Explain your answer.

[Total: 14]
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Qualitative analysis notes

1 Reactions of cations

10

cation

reaction with

NaOH(aq) NH,(aq)

aluminium, Al®*(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.
[Ba?*(aq)] is very low
calcium, Ca%(aq) white ppt. unless [Ca?*(aq)] is very | no ppt.

low

chromium(III), Cr®*(aq)

grey-green ppt. soluble in excess grey-green ppt. insoluble in excess

giving dark green solution

copper(Il), Cu?*(aq)

pale blue ppt. soluble in excess
giving dark blue solution

pale blue ppt. insoluble in excess

iron(II), 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(III), 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(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,*

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 foll

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 off-white/pale yellow ppt. slowly with H*
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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, 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*C mol"’

Avogadro constant

L =6.022 x 102 mol’

electronic charge

e=-1.60x10"°C

molar volume of gas

V_=22.4dm*mol at s.t.p. (101kPa and 273K)
V_ =24.0dm*mol-" 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™)
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9701/34/0/N/22




12

- - - - - - - - - - - 0'8€C 0'LeC 0cee -
wniouaIme| wnijaqou wniAsjepusW wnjwJa) wniuejsuid wniuojed wni@yeq wnund wniouswe wnuoynid wniunydau wniuein wnjunoejoud wnuoy} wniunoe
1 ON P w4 s3 ite} 3g wo wy nd dN n ed uL oy splouijoe
€0l col oL ool 66 86 16 96 G6 6 €6 6 16 06 68
0'SZL LeLL 6891 €291 691 §29L 6'8G1 €'/G1 0¢sL '0G1L - vl 6071 Loyl 6'8€L
wnpan| wniqiapA wninyy wnigJe wniwjoy wnisoldsAp wnigJe} wnjuijopef wnidoina wnuewes wniyyawoud wniwApoau wnjwApoaseid wnuad wnueyjue|
n aA wl B OH Aa alL s]3) n3 ws wd PN id Sle} e sploueyjue|
LL 0L 69 89 19 99 G9 9 €9 29 19 09 69 89 1S
uossauebo auIssauua) WINLOWLIBAI| wnIACOsoW [RINNGIET wnjuoyiu wnoluiadod wniuabjusos wnnpejswiep wnusuysw wnissey wnuyoq wniBiogess wniugnp wnipiopayni wnipes wniouely
60 sl A oN 14 UN ug O] sd N SH ug bs ad ™ spougoe ey 14
8l LI 9Ll Sl 141 €L 41 L oLl 601 801 101 901 S0L 0L €01-68 88 18
- - - 0'60C 2',0C 7'v0C 9002 0’261 1’661 c'zel 206l 298l 8'€8l 6°08L G'8/lL (WA 6cel
uopel aunejse wnjuojod yinwsiq pes| wnijeyy AKinosaw plob wnuned wnipul wniwso wnjuays ua)sbuny wn|ejue} wnjujey wnueq wnisaed
uy W od g qd 11 BH ny id a1 SO EX| M el H | spowewner | Y sO
98 S8 8 €8 8 18 08 6. 8. L1 9. S/ 172 €L L [ WAA®) 9g SS
glel 6921 9'/c) g'icl L'8LL 8viL 7Ll 6°L0L 7’901 620l Lol - 6'G6 626 Z'L6 688 9'/8 G'G8
uouax aulpol wnun|e} Auownue un wnipul wniwpes Janjis wnipejed wnipoyl wniuayng wniauyoe} wnuapgAjow wnigoiu wniuodiz wnupk wnpuosns wnipignt
£)% I aL as us ul PO by Pd ud ny ol O aN iz A IS ay
S €S (4] 3¢} 0s 6% 8y yA4 14 14 1474 (54 r474 154 (014 6¢ 8¢ 1€
8'€8 66 0'6L 6. 9CL 169 'G9 Gg'€e9 1’89 6'89 8'GS 6'vS 0'2Zs 6°0S 6'LYy 0'Sy Loy 1'6€
uoydAay aulwoiq wniuajes oluesie wniuew.ab wnyjeb ouiz Jaddoo [oyoIu }eqod uod asauebuew wniwoJyo wnipeueA wniuey} wnipueos wnioed wnissejod
)Y g SIS sy E1) e9 uz no IN 0D o4 un 10 A 1L o8 ed M
9¢ Ge e €e [4 e o€ 62 8¢ 12 9 14 144 €T (44 |74 0C 61
6'6€ g'ge Lce o'Le 1’82 022 [58 74 0'ee
uobie auuolyo anyns snioydsoyd uool|Is wnjuiwnie N —\ F F O —\ @ w N @ m .V m wnisaubew wnipos
Iy 12 S d IS v BN eN
8l Ll 9l gl vl €l cl 1)
20c 06l 09l oyl ozchL 80} SSeuw oOlwoje sAle|al 06 69
uoau auuon|} uabAxo usboniu uoqued uoloq aweu wnijikiaq wniyy|
aN E| 0 N ) g |oqwiAs olwoje og 1
oL 6 8 L 9 S Jaguinu olwoje ¥ €
(o4 0 Aoy
wnijay uaboupAy
oH H
4 l
el | 4 | o | o | | & e |
dnolg

Sjuswia|g 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.

9701/34/0/N/22

© UCLES 2022



