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Phosphorus and chlorine are elements in Period 3 of the Periodic Table.

(@) Chlorine forms three different compounds with phosphorus.

The most common compounds are PCl; and PCl.

(i)

Complete Table 1.1.
Table 1.1
compound oxidation number of P | oxidation number of Cl
PCl,
PCl,

(ii)

(iii)

(iv)

| © UCLES 2025

[2]
In a closed system, PCl; and PCI; exist in an equilibrium mixture as shown in reaction 1.
reaction 1 PCl4(l) + Cl,(g) == PCl(s) AH = -124kJmol"

Deduce two conditions that favour the production of PCi; in reaction 1.

The third compound of phosphorus and chlorine, W, has a relative molecular mass, Mr,
between that of PCl; and PCl;. The compound contains 69.6% by mass of chlorine.

Determine the molecular formula of W.

molecular formulaof W= ... 2]

W is a liquid at room temperature and pressure. It reacts vigorously with water to form an
acidic solution.

Suggest the structure and bonding in W. Explain your answer.
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(b) Fig. 1.1 shows a reaction scheme involving P, and Cl,,.

Cl,(9) C 1
P, > PCI, - Ci N
reaction 2 reaction 6
excess O,(g) H,0
reaction 3 reaction 4
H,0
A(s) > B(aq)

(i)
(i)
(iii)
(iv)

(v)

| © UCLES 2025

reaction 5

Fig. 1.1

Suggest what is observed in reaction 2.

..................................................................................................................................... [1]
Predict the shape of a molecule of PCl.
..................................................................................................................................... [1]
Write an equation for the formation of A in reaction 3
..................................................................................................................................... [1]
Name B, which is formed in both reactions 4 and 5.
..................................................................................................................................... [1]
Draw the structure of C, used in reaction 6.

[1]
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(c) 1,2-dichloroethane, CICH,CH,CI, reacts with NaOH to produce an unsaturated compound,

C2H3CZ, as shown in reaction 7.
reaction 7 CZCHZCHZCZ + NaOH — C2H3CZ + HZO + NaCl

(i) State what is meant by unsaturated.

(d) Compound D contains carbon, hydrogen and chlorine only.

Fig. 1.2 shows the mass spectrum of D.

1007

80+

60 ]

abundance /%

404

N

20+
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20 30 40 50
mle

Fig. 1.2

(i) Explain the relative abundance of peaks 1 and 2 in the mass spectrum in Fig. 1.2.

60

(ii) Suggest the structure of D.
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2 (a) The Group 2 elements show metallic bonding.

Define metallic bonding.

(b) The Group 2 elements form stable 2+ cations.

(i) State and explain the variation in ionic radius of the Group 2 elements down the group.

(ii) Table 2.1 shows successive ionisation energy values for beryllium, Be.

Table 2.1

1st

2nd

3rd

4th

ionisation energy/kJ mol"

900

1760

14800

21000

Use Table 2.1 to state and explain:

* the general trend in these values
* the significance of the large difference between the 2nd and 3rd ionisation energies.
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(c) All the Group 2 elements except beryllium have more than one stable isotope.

(i) Beryllium exists as the single isotope gBe.

Describe the distribution of mass within an atom of 2Be.

..................................................................................................................................... 2]
(ii) Complete Table 2.2 to show the numbers of protons and neutrons in the isotopes of
magnesium.
Table 2.2
isotope number of protons number of neutrons

magnesium-24

magnesium-25

magnesium-26

[2]
(iii) Fig. 2.1 shows the behaviour of a beam of protons in an electric field.

Complete Fig. 2.1 to show the behaviour of separate beams of neutrons and electrons in
the same electric field.

Label your diagram clearly. Assume that the beams of each particle are moving at the
same velocity.

beam of protons
source |

Fig. 2.1
(3]
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(d) (i) State what is observed when dilute hydrochloric acid is added to separate samples of
barium oxide and barium carbonate.

DAFUM OXIA@ ... e e e e e e e eeas
barium carbonate ...,
[2]
(i) Write an equation for the reaction of strontium, Sr, with an excess of cold water.
..................................................................................................................................... [1]
(iii) State the variation in solubility of the Group 2 sulfates down the group.
..................................................................................................................................... [1]

[Total: 17]
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The halogens chlorine, bromine and iodine show trends in chemical and physical properties down
the group.

Table 3.1 shows some properties of chlorine, bromine and iodine.

Table 3.1
property chlorine bromine iodine
colour and state at room temperature green gas
bond energy/kJ mol~’ 242 193 151
electronegativity 3.0 2.8 2.5
formula of sodium halide NaCl NaBr Nal

(@) (i)

(ii) The bond energy values in Table 3.1 refer to the X—X bond where X is the halogen.

Complete Table 3.1.

Explain the trend in the bond strength of the X—X bond in the halogens.

[1]

(b) Explain, with the use of an equation, how chlorine, Cl,, is used in water purification.
State the role of the active species produced.

(c) The sodium halides in Table 3.1 also show trends in chemical properties.

(i)

(ii)

Identify the sodium halide that reacts with concentrated H,SO, to form H,,S.

Identify the sodium halide that only undergoes a Bronsted—Lowry acid—base reaction

with concentrated H,SO,.

(iii) A student adds a few drops of AgNO,(aq) to a solution of NaBr(aq). State what is

| © UCLES 2025
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(d) lodine monobromide, IBr, is a dark red solid that melts near room temperature.

IBr reacts with propene. The mechanism for this reaction is the same as the mechanism for
that of HBr with propene.

(i) Identify all the intermolecular forces that exist between molecules of IBr.

..................................................................................................................................... [1]
(ii) Name the mechanism involved in the reaction of IBr with propene.

..................................................................................................................................... [1]
(iii) The reaction of IBr with propene forms two structural isomers.

Draw the two structural isomers shown by these molecules.

[2]

(iv) Identify the type of structural isomerism shown by the molecules in (d)(iii).

..................................................................................................................................... [1]
(v) Explain why the two structural isomers do not form in equal amounts.

..................................................................................................................................... [2]

[Total: 15]
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Fig. 4.1 shows compounds J to M, each of which contains four carbon atoms.

J

K

L

Fig. 4.1

(@) Table 4.1 gives details of tests on J to M. In each test, only two compounds give a positive

result.

Complete Table 4.1.

Table 4.1

reagent

observation of positive
result

compounds that give a
positive result

acidified K,Cr,0,(aq)

Jand L

alkaline I,(aq)

yellow precipitate

orange precipitate

Jand K

Na(s)
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(b) Kreacts with HCN in the presence of a KCN catalyst, forming N.

(i) Complete Fig. 4.2 to show the mechanism for this reaction.

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

K N
i 7
C H.C—C—C,H
CN
:CN
Fig. 4.2
[4]
(ii) Identify the class of compound of which N is a member.
..................................................................................................................................... [1]
(iii) N has a chiral centre.
Explain what is meant by a chiral centre.
..................................................................................................................................... [1]
[Total: 11]

Important values, constants and standards

molar gas constant

R =8.31JK "mol™’

Faraday constant

F =9.65 x 10*Cmol™’

Avogadro constant

L =6.02 x 1023 mol"

electronic charge

e=-1.60x107"1°C

molar volume of gas

V. =22.4dm*mol~" at s.t.p. (101kPa and 273K)
V., =24.0dm3®mol~" 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)
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