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Cobalt, rhodium and iridium are metals in the same group of the Periodic Table.

(a) The shorthand electronic configuration of cobalt is [Ar]3d”4s2.

(i) Identify what is meant by [Ar] by giving its full electronic configuration.

DO NOT WRITE IN THIS MARGIN

..................................................................................................................................... [1]
(ii) The lowest-energy electrons in cobalt are in the 1s orbital.
Draw the shape of a 1s orbital.
[1]
(iii) Deduce the number of unpaired electrons in a cobalt atom.
..................................................................................................................................... [1]

(b) Table 1.1 gives some details of the stable naturally occurring isotopes of rhodium and iridium.

Table 1.1
. number of number of total number of
isotope
protons neutrons electron shells

1%3Rh 58

191Ir 6

193Ir 6

Complete Table 1.1.
[3]
| © UCLES 2024 @ 9701/23/0/N/24
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(c) Table 1.2 shows the relative abundances of isotopes in a sample of an alloy containing
rhodium and iridium only.

Table 1.2
. relative isotopic relative abundance
isotope .
mass in alloy
193Rh 102.91 50.00
901r 190.96 15.18
931r 192.96 34.82

(i) Define relative isotopic mass.

(ii) Use Table 1.2 to calculate the relative atomic mass, A,, of iridium in the alloy.

| © UCLES 2024

Give your answer to two decimal places.

relative atomic mass of iridium =
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(d) Hydrated rhodium(Ill) chloride, RhCl*xH,0O, catalyses the conversion of ethene to
but-2-ene.

Both stereoisomers of but-2-ene are formed in the reaction.
(i) Hydrated rhodium(III) chloride contains 20.5% by mass of water of crystallisation.
Deduce the integer value of x in RhCl;xH,0.

Show your working.

(ii) Define stereocisomers.

(iii) Explain how the conversion of ethene to but-2-ene can be described as an addition
reaction.

(iv) Draw the two stereoisomers of but-2-ene.

[2]

[Total: 16]
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Chlorine is one of the elements in Group 17 of the Periodic Table.

(@) (i) Describe the colours of the Group 17 elements, chlorine to iodine, at room temperature.

..................................................................................................................................... [1]
(ii) Describe the relative reactivity of the elements chlorine to iodine as oxidising agents
..................................................................................................................................... [1]
(iii) State what is observed when chlorine reacts with hydrogen
..................................................................................................................................... [1]
(iv) Explain why the thermal stability of the hydrogen halides decreases down the group
..................................................................................................................................... [1]

(b) The halogenoalkane CH,CH,C! forms when chlorine reacts with C,H, via a free-radical
substitution mechanism.

(i) Define free radical.

..................................................................................................................................... [1]
(ii) State the essential condition for chlorine to react with C,H_. at room temperature
..................................................................................................................................... [1]
(iii) Write two equations to show the propagation steps in this reaction
L PP
2 et ee et ee e e tee e e teeeahee e e teeeaneeeeaneeeeaaeeeaneeeeanteeeanneeeanneeaaneeas
[2]
(c) CHCL, is another halogenoalkane. CHCL, forms when propanone reacts with NaClO.
NaClO is made from chlorine in a disproportionation reaction.
(i) Identify a reagent and conditions that can be used to convert chlorine to NaClIO.
..................................................................................................................................... [1]
(ii) Define disproportionation
..................................................................................................................................... [1]

| © UCLES 2024 @ 9701/23/0/N/24 I
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(iii) Write numbers in the boxes to balance the equation showing the reaction of propanone

with NaClO.

CH,COCH, +|  |NaCIO -

CHCL, +

CH,COONa +

NaOH
[1]

(iv) Aqueous AgNO, dissolved in ethanol reacts with an aqueous solution of CHCL,.

State what is observed in this reaction. Explain your answer.

| © UCLES 2024 @
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The Group 14 elements show a change from non-metallic to metallic character down the group.

(@) Table 3.1 shows some properties of two Group 14 elements, C and Sn, in their standard
states. The table is incomplete.

Table 3.1
C (graphite) Sn
state and appearance . . . .
in standard state grey shiny solid silvery solid
electrical conductivity good
type of bonding metallic
type of structure giant
(i) Complete Table 3.1. [3]

(ii) Identify the lattice structure shown by graphite.

..................................................................................................................................... [1]
(iii) Explain why Sn has good electrical conductivity.
..................................................................................................................................... [1]
(b) Carbon is found in inorganic compounds such as carbonates.
(i) Write an equation for the reaction of magnesium carbonate with dilute HCl(aq).
..................................................................................................................................... [1]
(ii) Describe the thermal stability of the carbonates down Group 2
..................................................................................................................................... [1]
(iifi) Ammonium carbonate undergoes an acid—base reaction with NaOH(aq).
Explain this statement.
..................................................................................................................................... [2]

| © UCLES 2024 % 9701/23/0/N/24 I
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(c) Fig. 3.1 shows a sketch of some of the ionisation energies of silicon, Si.

ionisation energy

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 11th 12th 13th 14th

ionisation
Fig. 3.1
(i) Complete the graph in Fig. 3.1 to show the third to sixth ionisation energies of Si.
[2]
(i) Construct an equation to represent the second ionisation energy of Si.
..................................................................................................................................... [1]
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(d) Fig. 3.2 shows the boiling points of the simplest hydrides of the Group 14 elements, C to Pb.

300

250

200

boiling point/K 150
100

50

0

CH, SiH, GeH, SnH, PbH,

Fig. 3.2
(i) Explain the trend in the boiling points of the Group 14 hydrides shown in Fig. 3.2.
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(e) Silicon readily reacts with elements of high electronegativity.

(i) Write an equation for the formation of SiCl, from its constituent elements.

(iii) SiO, is a white solid that melts above 1700 °C.
SiCl, is a colourless liquid at room temperature.

Explain the difference in the melting points of these two compounds with reference to
their structure and bonding.

(f) Tin forms an amphoteric oxide, SnO,.

Suggest the formula of the tin compound that forms when SnO, reacts with H,SO, in an
acid—base reaction.

[Total: 20]
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Propanone, CH;COCH,, is an important organic reagent. Fig. 4.1 shows some reactions of
propanone and its derivatives.

propanone A B
'e) OH OH
KCN and HCN
)]\ . CN —_— COOH

reaction 1 reaction 2

2,4-DNPH [H]

reaction 4 Cc
reaction 3 OH

A

products
Fig. 4.1
(a) Reaction 1 is a nucleophilic addition reaction.
(i) Complete Fig. 4.2 to show the mechanism for the formation of A from propanone.

Include charges, dipoles, lone pairs of electrons and curly arrows as appropriate.

propanone A
O OH
Il CI)
H,C” ~CH H,C” | ~CH
3 3 3% oN 8
©
:CN
Fig. 4.2
[3]
(ii) Explain why A does not show optical isomerism.
..................................................................................................................................... [1]
(b) Suggest the reagents and conditions for reaction 2
............................................................................................................................................. [1]
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(c) Reaction 3 is a reduction reaction.

13

(i) Construct an equation to represent reaction 3.

Use [H] to represent one atom of hydrogen from the reducing agent.

| © UCLES 2024 &ﬁ 9701/23/0/N/24
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(f) Compounds A, B and C can be distinguished using infrared spectroscopy.

A B
OH OH

U

C
OH

A

OH

Fig. 4.3 shows the infrared spectrum of one of the compounds.

100
2
©
o
C
£ 501
£
(2]
C
o
0 1 1 1 1 1 1
4000 3000 2000 1500 1000
wavenumber/cm™!
Fig. 4.3
Table 4.1
bond | functional groups containing the bond characte_rlstlc infrared absorptl_?n range
(in wavenumbers)/cm
C-0O | hydroxy, ester 1040-1300
C=C | aromatic compound, alkene 1500-1680
amide 1640-1690
C=0 | carbonyl, carboxyl 1670-1740
ester 1710-1750
C=N | nitrile 2200-2250
C—H | alkane 2850-2950
N—-H | amine, amide 3300-3500
O-H | carboxyl 2500-3000
hydroxy 3200-3600

| © UCLES 2024
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(i) Explain why the absorptions at 2850-2950cm™~" are not useful to help determine which

(ii)

| © UCLES 2024

of the compounds A, B or C produces the infrared spectrum in Fig. 4.3.

Use Table 4.1 to answer this question.

Identify which of compounds A, B or C produces the infrared spectrum in Fig. 4.3.
Explain your answer.

compound ........coeeeeiiiiineeeenn,

EXPIANALION .eeee e

[Total: 11]
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Important values, constants and standards

molar gas constant

R =28.31JK "mol’

Faraday constant

F=9.65x 104*C mol™"

Avogadro constant

L =6.022 x 1023mol™’

electronic charge

e=-1.60x1071°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-¥mol2dm= (at 298K (25°C))

specific heat capacity of water

c=4.18kJkg~ K" (4.18Jg~ 1K)

| © UCLES 2024 %
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