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The chlorides of Period 3 elements show different physical and chemical properties.

(@) (i) Complete Table 1.1.

Table 1.1
element formula of type of bonding | type of reaction, if any, of the
chloride in the chloride chloride with cold water
sodium
silicon

[3]

(ii) Write an equation for the reaction of PCl with an excess of cold water.

(b) The reaction of chlorine with cold water is used in water purification.

(i) Write an equation for the reaction of chlorine with cold water.
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(c) The relative strength of Cl,, Br, and I, as oxidising agents can be compared by adding
NaBr(aq) to separate samples of Cl, and L,.

(i) Describe the relative reactivity of Cl,, Br, and I, as oxidising agents.

..................................................................................................................................... [1]
(ii) Complete Table 1.2 to describe the reactions of NaBr(aq) with separate samples of
Cl,(aq) and I,(aq).
Table 1.2
aqueous colour of appearance after halide ions present in the

halogen | aqueous halogen | NaBr(aq) is added | mixture after the reaction

Cl,(aq) pale green

I(aq) red—brown
[3]
(d) Describe what is observed when Ag*(aq), followed by NH,(aq), are added to a sample

of Nal(aq).
observation after addition Of AGT(Q) «..oeeerueriieiie e
observation after addition of NH;(@Q) ..o
[2]
[Total: 12]
Cambridge University Press & Assessment 2026 9701/23/M/J/26 [Turn over

- ]



—

© Cambridge University Press & Assessment 2026 9701/23/M/J/26

L

* 0000800000004 * DFD

Group 18 elements exist as colourless gases at room temperature and pressure.

Table 2.1
atom relative volume of atom
neon 172
argon 287
krypton 355
xenon 446

(@) Use Table 2.1 to describe and explain the variation in atomic radius down Group 18.

(b) Identify one Group 18 element from Table 2.1 that behaves most like an ideal gas under
standard conditions. Explain your answer.

(c) Asample of 1.775g of gas X occupies 617.0cm? at 300K and 101 kPa.

Calculate the relative molecular mass, M,, of X assuming that X behaves as an ideal gas.

[Total: 9]
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The conditions used for the conversion of sulfur dioxide to sulfur trioxide in the Contact process
are carefully controlled.

reaction 1 280,(g) + O4(g) = 2S04(9) AH = -196 kJ mol™"
(@) Complete Figure 3.1 to show the reaction pathway diagram for reaction 1.

Draw arrows to represent the enthalpy change, AH, and activation energy, E,.

A

SO, + 0,

energy
/kJ mol~!

progress of reaction

Figure 3.1
[2]
(b) Define Le Chatelier’s principle.
............................................................................................................................................. [2]
(c) Inindustry, reaction 1 occurs at 400—450°C and 110-200 kPa with a catalyst.
Complete Table 3.1 by using the terms ‘increase’, ‘decrease’ or ‘no change’.
Table 3.1
use ter;:gt:‘ritslg ?Cgreater without catalyst
effect on value of
equilibrium constant, Kp
effect on yield of
product at equilibrium
effect on rate of reaction
[3]
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(d) Asealed tube that initially contains only 2.00 mol of SO,(g) and 2.00mol of O,(g) is left to

reach equilibrium.

At equilibrium, 1.96 mol of SO4(g) is present and the total pressure is 150kPa.

reaction 1

(i) Complete Table 3.2.

6

280,(g) + O,(g) = 2504(9)

Table 3.2
SO,(9) 0,(9) S0;(9)
amount initially/mol 2.00 2.00 0
amount at equilibrium/mol 1.96
mole fraction at equilibrium 0.01325 0.3377

(i) Table 3.3 shows the mole fractions at equilibrium of SO,(g), O,(g) and SO4(g) under

different conditions.

Table 3.3
S0,(9) 0,(9) S0,(9)
mole fraction at equilibrium 0.360 0.019 0.621

Calculate Kp at 200kPa using the data from Table 3.3.

Include units in your answer.
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[Total: 13]
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The structure of compound V is shown in Figure 4.1.

\"

OH
HO

CH,OH
CH,OH

H,C
Figure 4.1
(@) (i) Complete Table 4.1.

Table 4.1

primary hydroxyl secondary tertiary hydroxyl
groups hydroxyl groups groups

number of groups in
one molecule of V

[2]

(ii) Complete Table 4.2 to show what is observed when separate samples of V are added to
each reagent. State ‘none’ if no reaction occurs.

Table 4.2
reagent observation with V
Na(s)
2 ,4-dinitrophenylhydrazine
(2,4-DNPH)
Fehling’s reagent none
[2]
(iii) Suggest why Fehling’s reagent does not react with V but does react with aldehyde
functional groups.
..................................................................................................................................... [1]
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(b) Figure 4.1 is repeated for use in 4(b).

Vv

OH
HO

CH,OH
H,C™ eH,0H
Figure 4.1

V is completely oxidised by heating under reflux with an excess of acidified K,Cr,0(aq) to
produce organic compound Z.

(i) Describe the colour change in this reaction.
colour of mixture at start of the reaction ...

colour of mixture after the reaCHON .........coonii e

[1]
(ii) Draw the structure of Z.
[1]
(c) Compounds W, X and Y are structural isomers of V.
\" w X Y
o OH CH,OH HOCH, CH,OH CH,OH
HO

] CY\CHon {CHZOH \—‘70H HOCH2+CHZOH

*7  CH,OH HO CH,OH CH,OH

Figure 4.2
(i) Describe structural isomerism.

..................................................................................................................................... [2]
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(ii) Identify which of structures V, W, X and Y show stereocisomerism.

Explain your answer by referring to the relevant parts of the molecule that
cause stereoisomerism.

..................................................................................................................................... [2]
(iii) Y reacts with reagent R to produce compound E.
Y E
0O
>—H 0 @)
CH,OH 5 \(
reagent R
HOCH, CH,OH e H H
O
CH,OH )\
O O H
@)
Figure 4.3
Name reagent R.
..................................................................................................................................... [1]
(d) Exactly 0.03mol of one of the isomers, V, W, X or Y, is completely oxidised by 0.08 mol
of acidified K,Cr,0-(aq) to produce only one organic compound with molecular
formula C;H,Os.
(i) Identify which isomer, V, W, X or Y, is used in this reaction.
..................................................................................................................................... [1]
(ii) Complete the equation for this reaction.
3CH,04 + ... Cr2072‘ + o H* —» 3C,H,O4 + ... cr3t + .. H,0O [1]

[Total: 14]
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Propane, CH;CH,CH,, reacts with Cl,(g) in the presence of ultraviolet light to produce different
organic products, including those shown in Table 5.1.

Table 5.1
structure of product systematic name of product
CH,;(CH,),Cl 1-chloropropane
CH,CHCICH, 2-chloropropane
(CH;),CHCH(CH,), 2,3-dimethylbutane
hexane
2-methylpentane

(@) (i) Complete Table 5.1. 2]

(ii) Name the mechanism for the reaction of propane and Cl,(g) in the presence of
ultraviolet light.

(b) The mechanism for this reaction involves three stages.
stage 1 initiation
stage 2 propagation
stage 3 termination

During the initiation reaction, a chlorine free radical is produced.

(i) Complete Figure 5.1 to describe the arrangement of electrons in a chlorine free radical.

{l

N J N J
Y Y
1s 2s 2p 3s 3p
Figure 5.1
[1]
(i) Suggest a reaction sequence of two propagation reactions that result in CH,CH,CH,
forming CH,CH,CH,CL.
propagation reaction 1
CH3CH,CH, e, e e e e e e e e e
propagation reaction 2
................................................................... — CHZCH,CHLCL
[2]
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(iii) Suggest a reaction sequence of one propagation reaction followed by a termination
reaction that results in CH,CH,CH, forming (CH,),CHCH(CH,),.

propagation reaction 3
CH3CH,CHy e, S et tett ettt ————————————————————————————————————————————————————
termination reaction
............................................................... — (CH,3),CHCH(CH,),
(2]

(c) Compound A has the molecular formula CH,CL,. Figure 5.2 shows the mass spectrum of A.

100 -
80
60 4
relative abundance

40+

201

0 r r r |||II||I: |||
20 30 40 50 60 70 80 90

mle

Figure 5.2

(i) Explain the difference in relative abundance of the peaks at m/e = 35 and m/e = 37.

..................................................................................................................................... [2]
(ii) Complete Table 5.2.
Table 5.2
m/ e value of molecular formula of species
peak responsible for peak
84
86
88
[2]
[Total: 12]
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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 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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