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SECTION A

Answer ALL the questions in this section. You should aim to spend no more than 20 minutes on
this section. For each question, select one answer from A to D and put a cross in the box [X.
If you change your mind, put a line through the box $¢ and then mark your new answer with
a cross X .

1 The isotopes of magnesium, sMg and 53Mg, both form ions with charge 2+. Which of
the following statements about these ions is true?

[0 A Both ions have electronic configuration 1s? 2s* 2p® 3s?,

[0 B 2Mg? has more protons than 23Mg?".

12Mg p 1218
[l C The ions have the same number of electrons but different numbers of neutrons.
[ D The ions have the same number of neutrons but different numbers of protons.

(Total for Question 1 = 1 mark)

2 Chlorine has two isotopes with relative isotopic mass 35 and 37. Four m/z values are

given below. Which will occur in a mass spectrum of chlorine gas, Cl,, from an ion
with a single positive charge?

L] A 355
L] B 36
LI ¢ 71
LJ D 72

(Total for Question 2 =1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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3 The human body contains around 0.025 g of iodine molecules, I,. Which of the
following shows the number of iodine atoms in 0.025 g of ,?

The Avogadro constant is 6.02 x 10* mol .

O

A

0.025 X 6.02 x 10%

126.9

0.025
253.8

X 6.02 x 103

253.8
0.025

X 6.02 x 103

126.9 X 6.02 x 10%

0.025
(Total for Question 3 = 1 mark)

4 Which equation represents the reaction for which the enthalpy change is the standard
enthalpy change of formation, AH;~, of sodium nitrate, NaNO?

O

L]
L]
L]

A

B
C
D

2Na(s) + Ny(g) + 304(g) — 2NaNOx(s)
Na(s) + ¥aN,(g) + 1%40,(g) —> NaNOj(s)
Na(s) + N(g) + 30(g) —> NaNOx(s)
Na(g) + ¥aN,(g) + 1%40,(g) —> NaNOx(g)

(Total for Question 4 = 1 mark)

5 Which equation represents the reaction for which the enthalpy change, AH, is the mean
bond enthalpy of the C—H bond?

O

L]
L]
L]

A
B

/4CHu(g) — 7C(g) + H(g)
CHy(g) — C(s) + 2Hx(g)
CHy(g) - C(g) + 4H(g)
CHy(g) - C(g) + 2Ha(g)

(Total for Question 5 = 1 mark)
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6 The first ionization energies, in k] mol™!, of four elements with consecutive atomic
numbers are shown below.

A 1680
B 2080
C 496
D 738

(a) Which element could be an inert gas?

J A
] B
] C
1 D

(b) Which element could be X in a covalent compound with formula HX?

L A
1 B
Ll C
] D

(c) Which element could be Y in an ionic compound with formula YH,?

L A
L1 B
LI C
L] D
(Total for Question 6 = 3 marks)
4
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7 The graph below shows the second ionization energy of a series of elements with
consecutive atomic numbers.

Second ionization A
energy / kJ mol™!

Atomic number increasing in steps of 1

Which element could be lithium?

o A
o B
o cC
o D

(Total for Question 7 =1 mark)

8 The first five ionization energies, in kJ mol™!, of aluminium are
578 1817 2745 11578 14 831

The orbitals from which the first five electrons are removed during ionization, starting
with the first electron, are

0 A 1Is 2s 2p 3s 3p
[0 B 1s 1s 2s 2s 2p
[ C 3p 3s 2p 2s Is
[0 D 3p 3s 3s2p 2p

(Total for Question 8 = 1 mark)

5
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9

Going across the Periodic Table from sodium to aluminium,
[0 A the melting temperature increases.

[0 B the radius of the atom increases.

[ C the radius of the metal ion increases.
L]

D the bonding in the element changes from metallic to covalent.

(Total for Question 9 = 1 mark)

10 Going down Group 1 from lithium to rubidium

11

[] A the radius of the atom decreases.
[] B the radius of the ion decreases.
[] C the first ionization energy decreases.
[0 D the polarizing power of the ion increases.
(Total for Question 10 = 1 mark)
A drop of concentrated nickel(Il) sulfate solution, which is green, is placed on moist

filter paper on a microscope slide and the ends of the slide are connected to a 24 V DC
power supply. After ten minutes,

[0 A ablue colour has moved towards the negative terminal and a yellow colour
towards the positive terminal.

[0 B ablue colour has moved towards the positive terminal and a yellow colour
towards the negative terminal.

[J C agreen colour has moved towards the negative terminal but there is no other
visible change.

L[] D a green colour has moved towards the positive terminal but there is no other
visible change.

(Total for Question 11 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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12 The bonding in magnesium oxide, MgO, is

O

(|
(|
(|

13 Which of the following mixtures could not form when octane, CgHys, is cracked?

O

(|
(|
(|

A

B
C
D

A

B
C
D

ionic.
metallic and ionic.
ionic and covalent.

metallic and covalent.

(Total for Question 12 = 1 mark)

propane + pentene
butane + butene
pentane + propene

heptane + ethene

(Total for Question 13 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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14 This question is about the organic compounds with skeletal formulae as shown:

(a) Which compound is 2-methylpropane?

L A
] B
] C
] D

(b) Which compound has the molecular formula CsH,,?

Ll A
1 B
] C
(1 D

(c) Which compounds are isomers?

[J A compound A and compound C

[0 B compound B and compound C
[ C compound B and compound D
[J D compound C and compound D
8
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(d) Which compound reacts with acidified potassium manganate(VII) to form a diol?

(0 R O [ I
ST A w »

(Total for Question 14 = 4 marks)

15 The structural formula of 5-chloro-2,2-dimethylhexane is

H CH;

| |
Cl CH;

C|1 (|3H3

0 B H—C—CH,—CH,—CH,—C—CH;

| |
Cl CH,

(ljl (|JH3
I:I C CH3_C_CH2_CH2_C_CH3
| |

H CH,

Cl Cl
| |
0 D CH—C—CH,—CH,—C—CH;,
|

CH; CH;

N 3 51 3 1 A 0 9 2 4
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

16 Magnesium chloride can be made by reacting solid magnesium carbonate, MgCQO;, with
dilute hydrochloric acid.

(a) Write an equation for the reaction, including state symbols.

(b) Give TWO observations you would make when the reaction is taking place.

(c) In an experiment to make crystals of hydrated magnesium chloride, MgCl,.6H,0,
magnesium carbonate was added to 25 cm® of hydrochloric acid with concentration
2.0 mol dm™. The molar mass of magnesium carbonate is 84.3 g mol™'.

(i) How many moles of acid are used in the reaction?

(1) What mass of magnesium carbonate, in grams, reacts with this amount of acid?

(ii1) Suggest why slightly more than this mass of magnesium carbonate is used in
practice.

(iv) How would you separate the magnesium chloride solution from the reaction
mixture in (iii)?

N 3 51 31 A 01 0 2 4



(v) The magnesium chloride solution was left to crystallise. The crystals were
separated and dried carefully. A sample of 3.75g of hydrated crystals,
MgCl,.6H,0, which have molar mass 203.3 g mol™!, was obtained.
Calculate the percentage yield of this reaction.

(vi) Give ONE reason why the yield of crystals is less than 100%, even when pure
compounds are used in the preparation.

1
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(d) Lattice energies can be measured using the Born-Haber cycle, or calculated from
electrostatic theory. Lattice energies of magnesium chloride and magnesium iodide
are shown below.

Lattice energy from Lattice energy from
Salt Born-Haber cycle using electrostatic theory
experimental data
/kJ mol™! / kJ mol™!
MgCl, —2526 —2326
Mgl, —2327 —1944

(1) What does this data indicate about the bonding in magnesium chloride?

*(i1) Explain why there is a greater difference between the experimental
(Born-Haber) and theoretical lattice energies for magnesium iodide, Mgl,,
compared with magnesium chloride.

N 3 51 31 A 01 2 2 4



(e) Blood plasma typically contains 20 parts per million (ppm) of magnesium, by mass.

(1) Calculate the mass of magnesium, in grams, present in 100 g of plasma.

(1) Magnesium chloride can be used as a supplement in the diet to treat patients
with low amounts of magnesium in the blood. Suggest ONE property which
makes it more suitable for this purpose than magnesium carbonate.

(Total for Question 16 = 16 marks)

13
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17 Sulfamic acid is a white solid used by plumbers as a limescale remover.

(a) Sulfamic acid contains 14.42% by mass of nitrogen, 3.09% hydrogen and
33.06% sulfur. The remainder is oxygen.

(1) Calculate the empirical formula of sulfamic acid.

(ii) The molar mass of sulfamic acid is 97.1 gmol . Use this information to deduce
the molecular formula of sulfamic acid.

(b) A solution of sulfamic acid contains hydrogen ions. The hydrogen ions react with
magnesium to produce hydrogen gas. In an experiment, a solution containing
5.5 x 103 moles of sulfamic acid was reacted with excess magnesium. The volume
of hydrogen produced was 66 cm?®, measured at room temperature and pressure.

(i) Draw a labelled diagram of the apparatus you would use to carry out this
experiment, showing how you would collect the hydrogen produced and
measure its volume.

N 3 51 3 1 A 01 4 2 4



(i1) Calculate the number of moles of hydrogen, H,, produced in this reaction.

[The molar volume of a gas is 24 dm>mol™! at room temperature and pressure]

(ii1) Show that the data confirms that each mole of sulfamic acid produces one mole
of hydrogen ions in solution.

(c) Plumbers use sulfamic acid powder for descaling large items such as boilers.
Sulfamic acid acts as a descaler because the hydrogen ions react with carbonate ions
in limescale.

(1) Write an ionic equation for the reaction of hydrogen ions with carbonate ions.
State symbols are not required.

(i) Suggest ONE reason why sulfamic acid is considered less hazardous than
hydrochloric acid as a descaler.

(Total for Question 17 = 11 marks)

15
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18 This question is about hexane, C¢H 4, and hex-1-ene, C¢H».

(a) What test would you use to distinguish between hexane and hex-1-ene? Give the
results of the test for each substance.

(b) Hex-1-ene has a number of isomers, including two stereoisomers of hex-2-ene.

(1) Complete the formula to show the structure of E-hex-2-ene.

AN
C=
/

*@ii1) Explain why stereoisomerism can occur in alkenes, and why hex-2-ene has
stereoisomers but hex-1-ene does not.



(c) The enthalpy change of combustion of hexane was measured using a spirit burner to
heat a known mass of water in a calorimeter. The temperature rise of the water was
measured. The results of the experiment are shown below.

Mass of hexane burnt 032¢g
Mass of water in calorimeter 50g

Initial temperature of water 22°C
Final temperature of water 68 °C

The specific heat capacity of water is 4.18 J g"!°C.

(1) Calculate the energy in joules produced by burning the hexane. Use the
expression

energy transferred = mass x specific heat capacity x temperature change.

(i) Calculate the enthalpy change of combustion of hexane. The mass of 1 mole of
hexane is 86 g.

Give your answer to TWO significant figures. Include a sign and units in your
answer.

(i11) The value for the enthalpy change of combustion in this experiment is different
from the value given in data books. Suggest TWO reasons for this difference.

17
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(iv) A student suggested that the results would be more accurate if a thermometer
which read to 0.1°C was used. Explain why this would noet improve the
accuracy of the result. A calculation is not required.

(d) Hex-1-ene can be converted to hexane in the following reaction.

C6H]2(l) + Hz(g) —> C6H14(1)

(1) What catalyst is used in this reaction?

(i1) The enthalpy change of this reaction AH,c,ion can be calculated from the
following enthalpy changes of combustion.

Substance Enthalpy change of combustion

/kJ mol™!
Hex-1-ene, C¢Hi» —4003
Hydrogen, H, —286
Hexane, CcH 4 —4163

Complete the Hess cycle by adding labelled arrows. Use your cycle to calculate
the enthalpy change AH.caction-

AI—[reaction
CsH2(1) + Ha(g) > CeHys(1)
6COs(g) + TH0(1)
AH aetion = oo kJ mol™!

N 3 51 31 A 01 8 2 4



(ii1) The enthalpy change for the reaction of some other alkenes with hydrogen is
shown below.

Reaction Standar(} E}l‘i}i}ll?’ change
C3Hg + H, — C3Hg 125
C4Hg + H, —» C4Hy 126
CsHyp + H, > CsHy, 126

Explain why the values are so similar.

(Total for Question 18 = 17 marks)

19
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19 Chloroethane, C,H;Cl, can be made from either ethane or ethene.

(a) 1) What reagent and condition would be used to make chloroethane from ethane?

REAENT e

COMATEION. ...t

(i1) State the type of reaction and mechanism by which this reaction occurs.

(i1) Show, in full, the mechanism for this reaction in which ethene is converted to
chloroethane.

N 3 51 31 A0 2 0 2 4



(c) Which method of making chloroethane has

o a higher atom €CONOIMNY? ..o

e a higher percentage yield? ...

Explain your answers.

Higher atom @COMOIMNY ...

(d) The compound chloroethene, CH,=CHCI, forms an addition polymer.

(1) Draw a diagram, using dots or crosses, to show the arrangement of electrons in
chloroethene. Only the outer shell electrons need be shown.

(i1)) Chloroethene can form an addition polymer. Write the displayed formula of
poly(chloroethene) showing two repeat units.

N 3 51 31 A0 2 1 2 4
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*(ii1) Poly(chloroethene) is commonly known as PVC. Almost a quarter of the PVC
which is manufactured is used to make water pipes, which were formerly made
of metal.

Give TWO factors which have to be considered when deciding which material,
PVC or metal, contributes to more sustainable uses of resources in the long
term.

(Total for Question 19 = 16 marks)

TOTAL FOR SECTION B = 60 MARKS
TOTAL FOR PAPER = 80 MARKS

22
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