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1 Calcium, magnesium and radium are Group 2 elements. Radium follows the same trends as the
other members of Group 2.

(a) Identify the highest energy orbital which contains electrons in a calcium atom. Sketch the
shape of this orbital.

identity of highest energy orbital in Ca ............ccccvvvieeeeenn.

shape

[1]

(b) (i) Write the equation for the thermal decomposition of calcium nitrate.

(i) Suggest which of the Group 2 nitrates, calcium, magnesium or radium, requires the highest
temperature to decompose. Explain your answer.

(c) Predict what you would observe when aqueous radium chloride is added to aqueous
sodium sulfate.
Do not refer to temperature changes in your answer.

.............................................................................................................................................. [1]
(d) (i) 2Mgis an isotope of magnesium.
Determine the number of protons and neutrons in an atom of 2Mg.
NUMDBDET OF PrOTONS ittt e e e e e et e e e e s st n e e e e e e e e aannes
NUMDET OFf NEULIONS ...t e e
[1]
(i) State the full electronic configuration of an atom of 23Mg.
....................................................................................................................................... [1]
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(e) Asample of magnesium contains three isotopes, Mg, Mg and X.

The percentage abundance of the three isotopes is shown in Table 1.1.

Table 1.1
isotope of Mg | mass/am.u. |  PEEENEIR
X 78.99
Mg 24.99 10.00
26Mg 25.98 11.01

(i) The relative atomic mass, A, is calculated by comparing the average mass of the isotopes

(i)

of an element to the unified atomic mass unit.

Define the unified atomic mass unit.

mass of X =

Calculate the mass of X. Use data from Table 1.1 and A, (magnesium) = 24.31 in your
calculation. Show your working.

(iii) State one similarity and one difference in the properties of these isotopes of magnesium.

© UCLES 2022
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(f) Magnesium, Mg, burns in oxygen, O,.
The activation energy, E,, for this reaction is +148kJ mol™.

(i) State one observation when magnesium burns in oxygen.
Do not refer to temperature changes in your answer.

(i) OnFig. 1.1:
e sketch a reaction pathway diagram for the reaction that occurs when Mg burns in O,

e label the diagram to show the enthalpy change, AH, and the activation energy, E_, for
the reaction.

enthalpy

progress of reaction

Fig. 1.1
[3]
(g) Cold water reacts slowly with a piece of Mg to produce bubbles of H,(g).
Cold water reacts rapidly with burning Mg to produce H,(g) in an explosive mixture.
Mg + 2H,0 — Mg(OH), + H,
Explain why the rate of reaction of cold water with burning magnesium is greater.
.............................................................................................................................................. [2]
[Total: 17]
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2 Nitrogen molecules, N,(g), contain two atoms attracted to each other by a triple covalent bond.

(a) Describe how the triple covalent bond forms in a N,(g) molecule. Refer to orbital overlap and
hybridisation in your answer.

(b) Nitrogen oxides, NO, and NO, are produced in internal combustion engines. Release of these
gases into the atmosphere leads to the formation of photochemical smog.

(i) Outline how nitrogen oxides are involved in the formation of photochemical smog.

(i) Construct an equation to demonstrate how a catalytic converter reduces the amount of
nitrogen oxide gases released into the atmosphere.

(c) N,(g) is very unreactive. It is difficult to make ammonia, NH,(g), directly from its elements but
it can be made from NH,CI(s).

Identify a reagent and the conditions required to make NH,(g) from NH,CI(s).
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(d) 25cm? of 0.10moldm= HCl(aq) is added to a beaker and its pH is recorded.
50cm? of 0.10moldm= NH,(aq) is added to the HCl(aq) in 5cm? portions.
The pH of the mixture is monitored until all the NH,(aq) is added.
HClis a strong Brgnsted-Lowry acid.

(i) Describe what is meant by a strong Brgnsted-Lowry acid.

(i) NH,is a weak base.

Construct an equation that shows the behaviour of NH, as a weak Brgnsted-Lowry base
when dissolved in water.

(iii) On Fig. 2.1 sketch a graph to show the change in pH which occurs when HCI(aq) is
titrated with NH,(aq) as described in (d).

14—

pH 7

volume NH, added/cm?

Fig. 2.1
[2]

[Total: 12]
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3 Liquids that contain molecules of T smell like lemons.

)\/\/\\/\O

Fig. 3.1
(a) Molecules of T exist as a pair of sterecisomers.

Name the type of sterecisomerism shown by molecules of T. Explain your answer.

(b) Two organic products are produced when a sample of T is heated under reflux with excess
acidified concentrated KMnO,.

Draw the structure of the two organic products, from this reaction, in the boxes.

organic product 1 organic product 2

(2]
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(c) Fig. 3.2 shows two reactions of T.
T
)\/\/\\/\O
reaction 1 reaction 2
S Q
)\/\/\\/\ ></\)\/\ + \
OH HO O
OH
Fig. 3.2

(i)

(i)

© UCLES 2022

Identify a suitable reagent for reaction 1.

Identify the reagent and conditions needed for reaction 2.
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(d) Separate samples of Q and R are added to separate test-tubes containing acidified K,Cr,0,(aq)
and heated.

Q R

></\)\/\ N
\O @)

HO
OH

Fig. 3.3

(i) Predict the observations for each test-tube. Explain your answer in terms of the functional
groups present in Q and R.

(i) When PCl(s) is added to separate samples of Q and R at room temperature, both react
vigorously.

Complete the equation shown in Fig. 3.4 to describe the reaction that occurs when R
reacts with PCI(s).

R

o + Pcl, -

OH

Fig. 3.4
(2]

(i) Suggest why samples of Q and R must be dried before PCI; is added. Include a relevant
equation to support your answer.

[Total: 17]
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4  Compound V is a liquid.
V contains 77.2% carbon, 11.4% hydrogen and 11.4% oxygen by mass.
V has a relative molecular mass of 280.

(a) Calculate the molecular formula of V. Show your working.

molecular formula of V= ..., [3]

(b) V contains two types of functional group: a carboxylic acid and an alkene.

(i) Describe a chemical test and observation which confirms the presence of a carboxyl
functional group.

(i) A 3.1969 sample of Br, reacts completely with 2.800g of V.

Calculate how many alkene functional groups are present in one molecule of V. Show
your working.

number of alkene functional groupsinV =.............................. [1]
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(c) W, Xand Y have the same molecular formula, C;H,,0.

W, X and Y are added separately to different reagents. Observations for these reactions are

described in Table 4.1.

Table 4.1

+ 2,4-dinitrophenylhydrazine

+ alkaline 1,(aq)

+ Fehling’s reagent and warm

orange precipitate seen no change orange-red precipitate seen
X orange precipitate seen yellow precipitate seen no change
Y orange precipitate seen

(i) W, Xand Y each contain a common functional group.

Name the functional group that is present in all three compounds.

(if) State the formula of the yellow precipitate produced when X is added to alkaline 1,(aq).

(iif) W could be one of four structural isomers.

e Draw the skeletal formulae for two possible structural isomers of W.

e Describe the type of structural isomerism shown.

isomer 1

isomer 2

type of structural isomerism

© UCLES 2022
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(d) Fig. 5.1 shows the mass spectrum of ketone Z, C.H,,0O.
1001
80
60
% abundance

40-

20

O A RS RS LS RARRS LARES RS RARES RALES LALLS RARES LARES RALLS RALLN RARESN LRS!

10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

m/e value

Fig. 5.1

Use the information in Fig. 5.1 to suggest the formulae of the fragments with m/e peaks at 29
and 57. Deduce the identity of Z.

[Total: 14]

© UCLES 2022 9701/21/M/3/22

PMT



PMT

13

BLANK PAGE

© UCLES 2022 9701/21/M/3/22



PMT

14

BLANK PAGE

© UCLES 2022 9701/21/M/3/22



15

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 =-1.60 x 10°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-*mol2dm-® (at 298K (25°C))

specific heat capacity of water

¢ =4.18kJKg K™ (4.18Jg K™Y
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9701/21/M/3/22

PMT



PMT

16

- - - - - - - - - - - 0'8€C 0'Tee 0'cee -
winiouaIme| wniagou wninsjepuswW wniway wniuLIsuId wniuoyes wnijax1aq wnuna wniouawe wniuoinid wniumdau wniuein wniunoeosd wnuoyy wniunoe
1 ON PN w4 s3 10 Ad wo wy nd dN n ed uL v splounoe
€0T 20T T0T 00T 66 86 16 96 S6 6 €6 6 16 06 68
0'G.T TELT 6°89T €/.9T 6'v9T G¢IT 6°85T €8T 0¢ST ¥'0ST - 444" 6°0VT TovT 6'8€T
wnnainj wnigianAk wninyx wniqe wniwioy wnisoldsAp wniquey wniuljopeh wnidoina wnuewes wniylswoud wniwAposu | wniwApoaseid wnpad wnueyiue|
n1 aA wl 13 OH AaQ aL PO n3 ws wd PN id 0] e splouetjue]
T 0L 69 89 19 99 S9 9 €9 29 79 09 65 85 yA<]
uossauebo auIssauua) WINLIOWIAAY WINIACOSOL wninosaY wniuoyiu wniiuados wnuabiusol | wnppelswiep | wnusuysw wnissey wnuyoq wniBiogeas wniugnp wnipiopayini wnipel wniouely
60 sL A N 14 UN ud b6y s@ N SH ug bs aa | o | BY i
8Tt LTT 9Tt STt 41 €1t 41 Tt 01T 60T 80T 20T 90T SOT 0T €0T-68 88 /8
- - - 0'60¢ 2¢'L0C 'v0C 9'00¢ 0°L6T T'S6T [A4:1% 06T 2'98T 8'€8T 6'08T S'8.T €LET 6°CET
uopel suneise wniuojod yinwsiq pea| wnijreyy Anosaw plob wnueid wnipul wniwso wniuays uasbuny wnpejue) wniugey wnueq wnisaed
ud W od Id ad 11 BH ny d ] SO 9y M el iH sploueLue| ed SO
98 S8 8 €8 28 18 08 6L 8L LL 9L =7 17 €L 2L 1,715 95 feie]
€T1eT 6°9¢T 9/eT 8'T¢T L'8TT 8VvTL et 6°L0T 7’901 6¢0T T'10T - 656 6¢6 ¢'16 6'88 9.8 §'G8
uouax auipol wnunjiay Auownue un wnipul wniwpes 19AIS wnipejred wnipouy. wniuayin wnnauyaa) wnuapgAjow wniqoiu wniuoduiz wnumA wnnuons wnipigni
X I ol as us ul PO by pd ud ny 9L ON aN 1z A 1S qd
VS €S 4] T8 0S 61 8y Ly 4 Sy 144 14 t174 114 ov 6€ 8¢ LE
8'e8 66L 0'6L 6L 9¢L 169 7'99 G'e9 185 6'85 8'GS 67S 0¢s 605 6Ly [0h=14 Tov T6e
uodAny auiwolq wniua|as oluase wniuewssb wnireb ouiz Jsaddoa [ 1[eqod uou asauebuew wniwoiyd wnipeueA wnjue wnipuess wniofes wnissejod
M id 9S SV 99 =29) uz no IN 0D 94 UN 120 A L ) €D A
9€ S€ e €e 4 1€ 0g 62 8¢ L2 9¢ S¢ ve €e 44 TC 0c 6T
6'6€ §'Ge Tce oTe T8c 0le eve oee
uobire auLojyd nyns snioydsoyd uoalis wniuiwnge et 1 (0] 6 8 L 9 S 14 € wnisaufew wnipos
v 12 S d IS v BN BN
8T LT 9T ST i €T T T
(44 06T 09T ovT 0¢t 80T SSew dlwoje aAlle|al 06 69
uoau autony uabAxo uafoniu uogleo uoloq aweu wnijkieq wniym|
aN | o) N o) | loquiAs diwoye og n
0T 6 8 L 9 S Jaquinu d1wole v €
oY 0T >®V_
wniy uaboupAy
oH H
4 T
81 1| et | st | om €1 4 1
dnoio

Sluswa|3 Jo 9|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.

9701/21/M/3/22

© UCLES 2022





