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Elements in Period 3 of the Periodic Table show trends in their properties.

(a) Complete Table 1.1 by identifying the lattice structures of the crystalline solids of Mg, Si and P.

Table 1.1

element Mg Si P

lattice structure in
crystalline solid

[3]
(b) The relative electrical conductivities of the Period 3 elements are shown in Fig. 1.1.

A
electrical
conductivity

)

Na Mg Al Si P S Cl Ar

element
Fig. 1.1

Explain why there is an increase in conductivity from Na to Al and why P, S and CI are
non-conductors of electricity.
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(c) The third ionisation energies of the Period 3 elements are shown in Fig. 1.2.

A

b
third
ionisation
energy

Na Mg Al Si P S cl Ar

element
Fig. 1.2

(i) Write an equation, including state symbols, to represent the third ionisation energy of
argon.

(ii) The differences in the values for third ionisation energy shown in Fig. 1.2 are due to
differences in the strength of attraction between the nucleus and the outer electron of
each ion.

State two factors that affect the strength of attraction between the nucleus and the outer
electron.

(iii) Use Fig. 1.2 to suggest the most significant factor that determines the size of attraction
between the nucleus and the outer electron. Explain your answer.
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(iv) In the third ionisation energy of argon, the ion produced has the electronic configuration
152 252 2p6 352 3p3.

Complete Fig. 1.3 to show the arrangement of electrons in the orbitals of this ion.

i

N v J N v J
1s 2s 2p 3s 3p
Fig. 1.3
[1]
(d) Most Period 3 elements react with oxygen to form oxides.

(i) Write an equation for the reaction of phosphorus with oxygen.
..................................................................................................................................... [1]
(ii) Write an equation for the reaction of aluminium oxide with an excess of aqueous sodium

hydroxide.

..................................................................................................................................... [1]
[Total: 14]
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2 (a) Fig. 2.1 shows the covalent bonds and lone pairs of electrons in a molecule of SCL,.

TP gu—}

Fig. 2.1

(i) Use VSEPR theory to predict the shape of a molecule of SCL,.

................... ° [1]

(b) SCL, is ared liquid that reacts with water.

2SCLy(1) + 3H,0(1) - H,SO4(aq) + S(s) + 4HC(aq)

(i) Describe two observations, other than temperature change, that are made when an

(ii)

(iif)

| © UCLES 2025

excess of water is added to SCL,.

When SCI, reacts with water, the SCI, is broken down and a disproportionation reaction
occurs.

State the oxidation numbers of sulfur in SCl, and H,SO,.

oxidation number of Sin SCL, ...
oxidation number of SN HySOyg oo
State the general name to describe the type of reaction that occurs when a substance is

broken down by water.

[Total: 7]
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H,(g) and I,(g) react to form HI(g) in a reversible reaction, as shown in equation 1.
equation 1 H,(g) + I,(9) = 2HI(g)

In three separate experiments, a student combines different amounts of two or more of the gases
from equation 1. In each experiment, the gases are left to reach equilibrium at a given temperature.

(@) Inexperiment 1, H,(g) and I,(g) are combined.
Water is then added to the equilibrium mixture to produce 1.00dm? of solution A.
The amount of I,(aq) present in 1.00 dm? of solution A is found by titration with Na,S,0,(aq).

Exactly 32.90 cm?® of 0.200 moldm™= Na,S, 0, reacts with all of the L, in a 25.0cm? sample of
solution A.

I,(aq) + 25,0,2(aq) — 2I(aq) + S,04%(aq)

(i) Calculate the amount, in mol, of 82032‘ that reacts in the titration.

amount of $,0,27 = ..o mol [1]

(ii) Use your answer to (a)(i) to calculate the amount, in mol, of I, present in 1.00dm3 of
solution A.

(If you were unable to obtain an answer in (a)(i), then use 9.42 x 10-3mol. This is not the
correct answer.)

amount of I, in 1.00 dm3 of solution A = ......ccoooveivieiee. mol [2]
(b) In experiment 2, 0.100 mol of H,(g), 0.200 mol of I,(g) and 0.300 mol of HI(g) are combined.
At equilibrium 0.154 mol of L, is present.

Calculate the amounts, in mol, of H, and HI in the equilibrium mixture produced in
experiment 2.

amount of H, in equilibrium mixture = ..................coooei, mol

amount of HI in equilibrium mixture = ..............cccvvnnnnnnnn. mol
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(c) In experiment 3, 0.0772mol of H, and 0.0986 mol of I, are present in an equilibrium mixture
at 298K.

Hy(g) + I,(g) == 2HI(9) K, =7.94 x 10

Use the equilibrium constant, K, to calculate the amount, in mol, of HI present in the
equilibrium mixture in experiment 3.

amount of HI in equilibrium mixture = .............ccccovriinnnns mol [1]
(d) The value of K for the dissociation of HC at 298K is 5.50 x 10734,
2HCI(g) = H,(g) + CL,(g) K_ =550 x 10

(i) Define covalent bond.

(ii) Describe and explain the relative thermal stabilities of the hydrogen halides HCI and HI.

(iii) Use the data given in (c) and (d) to suggest a value for the equilibrium constant for the
dissociation of HBr(g) at 298 K.

[Total: 11]
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The skeletal formula of E is shown in Fig. 4.1.

............................................................................................................................................. [1]
(b) Name E.
............................................................................................................................................. [1]
(c) E is made when a carboxylic acid and an alcohol react together.
(i) Name the type of reaction that takes place during this esterification reaction.
..................................................................................................................................... [1]

(ii) Write an equation for the formation of E from a carboxylic acid and an alcohol.
Use structural formulae to represent the organic species.
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(d) Fis anisomer of E.
F reacts with HCI(aq) to produce G and H.
G is a secondary alcohol.
H is also produced when HCl(aq) is added to CH,;CN.

(i) Construct an equation for the acid hydrolysis of CH,CN with HCI(aq).

..................................................................................................................................... [1]
(ii) Draw the displayed formula of G.
[2]
(iii) CH,OH is used to make CH;CN in a two-step process, as shown in Fig. 4.2.
step 1 step 2
CHOH ———» CH,CI ——» CH,CN
Fig. 4.2
State the reagents and conditions required for steps 1 and 2.
] (Y o 0t USSPt
] (=] 0 2P
3]
[Total: 11]
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The skeletal formula of W is shown in Fig. 5.1.

NN

Fig. 5.1
(@) W has two positional isomers. Only one shows sterecisomerism.

Draw the structures of the two positional isomers of W in the boxes.

[2]
(b) (i) Describe the origin of sterecisomerism in W.

(c) Draw the skeletal structure of the stereocisomer of W.

[1]
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(d) W reacts with reagent X to produce ethanoic acid and pentanoic acid.

(i) State the role of X in this reaction.

(ii) ldentify X and state the conditions used for this reaction.

[Total: 7]
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P, Q and R are three different hydrocarbon molecules.

(@) (i) Define empirical formula.

..................................................................................................................................... [1]
(ii) Hydrocarbon P contains 85.7% by mass of carbon.
Calculate the empirical formula of P.
Show your working.
empirical formula of P = ........ccoooinnnnin. [2]
(iii) Molecules of P have straight chains.
Name the homologous series to which P belongs.
..................................................................................................................................... [1]
(b) Qs a volatile hydrocarbon.
0.194 g of gaseous Q occupies a volume of 71.5cm3 at 100°C and 100kPa.
Use the ideal gas equation to calculate the M, of Q.
M ofQ= .. [2]

| © UCLES 2025 @ 9701/24/M/1J/25 I

DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN



DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

* 0000800000013 *

T —

(c) The mass spectrum of hydrocarbon R is recorded.
Information about the two peaks with m/e greater than 135 is shown in Fig. 6.1.

A

100

relative
abundance

11.0

136 137 138 139
mle

Fig. 6.1
(i) Use Fig. 6.1 to deduce the number of carbon atoms in a molecule of R.

Show your working.

number of carbon atoms = ... [2]
(ii) Use Fig. 6.1 and your answer to (c)(i) to deduce the molecular formula of R.

(iii) Suggest the molecular formula of the fragment of R with m/e = 57.

[Total: 10]
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Important values, constants and standards

molar gas constant

R =8.31JK "mol

Faraday constant

F=9.65x 10*Cmol™"

Avogadro constant

L =6.02 x 1023 mol™"

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)
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