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SECTIONA
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 Which element s in the d-block of the Periodic Table?

A argon
B chlorine
C iron

D sodium

(Total for Question 1 = 1 mark)

2 Some ionic radii are shown.

lon lonic radius/nm
Na* 0.102
K* 0.138
F- 0.133
ct 0.180

Which compound has the strongest ionic bonding?

sodium fluoride
sodium chloride

potassium fluoride

O N w >

potassium chloride

(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 In which pair are the ions isoelectronic?

A G and S*
B K and Br-
c L and F-
D Mg* and CU°

(Total for Question 3 = 1 mark)

4 A 2kg sample of water contains 40 parts per million (ppm) by mass of nitrate ions.

What is the mass, in g, of nitrate ions in this sample?

A 8x107?
B 5x10°
CcC 8x10>
D 5x10%

(Total for Question 4 = 1 mark)

5 What is the atom economy, by mass, for the formation of iron in this reaction?
Fe,0, + 3CO — 2Fe + 3CO,
[Data: A C=120 O0=16.0 Fe=55.8]
A 29.7%
B 458%
C 559%%
D 71.7%
(Total for Question 5 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.

P87418A 3
COmmC] Turn over



6 A sample of hydrated calcium sulfate, CaSO,*xH,0, was heated to constant mass.
3.405 g of anhydrous calcium sulfate and 0.900 g of water were formed.
What is the value of x?

[Data: Molar mass of CaSO, = 136.2 g mol™']

A 05
B 2
c 3
D 4

(Total for Question 6 = 1 mark)

7 How many orbitals are there, in total, in the first three quantum shells of an atom?

A 3
B 6
c 9
D 14

(Total for Question 7 = 1 mark)

8 Which of these forms of carbon does not contain delocalised electrons?

A graphite

B graphene

C C, fullerene
D diamond

(Total for Question 8 = 1 mark)

9 Which molecule is polar?

A BF,
B CF,
C OF
D PF,
(Total for Question 9 = 1 mark)
4 P87418A
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10 A pure alkane fuel is burned in air.

Which substance is not a possible combustion product?

O N @ >

H.O
co
co

(Total for Question 10 = 1 mark)

11 Which of these compounds has the greatest covalent character?

A

B
C
D

MgF

2

Mgl

2

BaF

2

Bal

2

(Total for Question 11 = 1 mark)

12 Some equations for reactions used in reforming crude oil fractions are shown.

Which equation is not balanced?
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13 What is the IUPAC name for the compound with the structure shown?

|C2H5

H,C—CH—CH,—CH—CH,

CH

3
2-methyl-4-ethylpentane
2-ethyl-4-methylpentane

2,4-dimethylhexane

o N W >

3,5-dimethylhexane

(Total for Question 13 = 1 mark)

14 What is the percentage by mass of nitrogen in ammonium nitrate, NH,NO,?

[Data: A H=1.0 N=14.0 O=16.0]

A 14.0%
B 17.5%
C 28.0%
D 35.0%

(Total for Question 14 = 1 mark)

15 The chemical properties of an element are determined by its
A  electronic configuration
B  number of neutrons
C  number of protons plus neutrons
D relative atomic mass
(Total for Question 15 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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16 What is the empirical formula of the oxide formed when 2.6 g of chromium reacts

with

pure oxygen to produce 3.8 g of chromium oxide?

[Data: A O0=16.0 Cr=52.0]

O n w >

CrO
CrO

2
Cr203
Cr,0

374

(Total for Question 16 = 1 mark)

17 Identify the atom with two unpaired electrons in its lowest energy state
(ground state).

A

B
C
D

Be
C

Cl
Ca

(Total for Question 17 = 1 mark)

18 Which compound has an empirical formula different from its molecular formula?

A

B

C

D

Use this space for any rough working. Anything you write in this space will gain no credit.
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19 Chlorine can be prepared by the reaction between concentrated hydrochloric acid
and concentrated sodium chlorate(l).

Chlorine is a hazardous substance and the risk due to the chlorine is best lowered by

working in groups
wearing gloves

wearing goggles

O N w >

using a fume cupboard

(Total for Question 19 = 1 mark)

20 Metallic bonding is best described as the electrostatic attraction between
A  cations and anions
B cations and delocalised electrons
C nuclei and shared pairs of electrons
D nuclei and two electrons from one atom

(Total for Question 20 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTIONB
Answer ALL the questions. Write your answers in the spaces provided.
21 This question is about atomic structure and gases.
(@) Chlorine exists as two isotopes with mass numbers 35 and 37.

(i) State the number and type of each of the particles in the nucleus of a
chlorine-37 atom.

(i) Complete the electronic configuration of a chloride ion, Cl~, using the
s, p, d notation.

(iii) A sample of chlorine contains 24.48% of chlorine-37 atom:s.

Calculate the relative atomic mass of this sample of chlorine.
Give your answer to two decimal places.

P87418A 9
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(b) Fluorine has one naturally occurring isotope with mass number 19.
Chlorine and fluorine react to form chlorine trifluoride, CIF,.

(i) Draw a dot-and-cross diagram to show the bonding in a molecule of
chlorine trifluoride.
Use dots(e) for the chlorine electrons and crosses (X) for the fluorine electrons.
Show outer shell electrons only.

(i) Complete the mass spectrum to show the peaks that you would expect for
the molecular ion, CIF}.

100

90

80

70—

Relative 60
abundance 50—
40

30

20

10—

0_4\/ | | | | |

91 92 93 94 95

m/z

(c) Pentane is used as a fuel and produces carbon dioxide gas when burnt.
The equation for the complete combustion of pentane is shown.

CH, + 80, - 5CO, + 6H0

Calculate the volume of carbon dioxide, in em?, produced at room temperature
and pressure (r.t.p.) from the complete combustion of 15.0 cm? of liquid pentane.

[Data: Density of liquid pentane = 0.626gcm3

One mole of any gas occupies 24.0dm? at r.t.p.]

(Total for Question 21 = 14 marks)
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22 This is a question about ionisation energies.

(a) State, in words, the meaning of the term ‘first ionisation energy"

(b) Write the equation for the second ionisation energy of lithium.

(c) State why it is not possible to determine the third ionisation energy for helium.

(d) Complete the sketch of the log (ionisation energy) of sodium.

Log
(ionisation
energy) X

1 2 3 4 5 6 7 8 9 10 1N

Number of electrons removed

(e) Explain why there is a general decrease in the values of the first ionisation energy
on descending a group in the Periodic Table.

(3)

(1)

(1)

(4)

(3)
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(f) Explain why the first ionisation energy of sulfur is less than that of phosphorus.
(2)

(g9) The first ionisation energy for sodium is +496 kJ mol~" and for magnesium is
+738kJmol".

Suggest a value for the first ionisation energy of aluminium and justify
your answetr.

(3)

lonisation energy value:

Justification

(Total for Question 22 = 17 marks)

J
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23 This is a question about alkenes.

(@) Calculate the volume, in cm?, of 0.0200 mol of ethene gas at a temperature of
108°C and a pressure of 1.28 x 10°Pa.
Give your answer to an appropriate number of significant figures.

Use the ideal gas equation, pV = nRT.
[Data: R=8.31Jmol"'K™]

(b) The carbon-carbon double bond consists of both a sigma () and a pi () bond.

(i) Describe two differences between the orbital overlap of a sigma bond and the
orbital overlap of the pi bond in ethene.

(i) State the feature of a pi bond which can result in E-Z isomers.

(iii) Not all alkenes with the molecular formula, C,H,, exhibit E-Z isomerism.
Complete the table in the Answer Book with
« the displayed formula of the E isomer and of the Z isomer

« the displayed formula of one alkene that does not exhibit E—Z isomerism
and include its name.

(c) (i) Write, on the dotted lines in the answer book, the structural formulae for the
organic products of the reaction scheme for propene shown.

CH,CH,CH,

Br, /

CH,CH=CH,

KMnO, /H*

(i) Draw a section of poly(propene) with two repeat units.

(d) Draw the mechanism for the reaction between hydrogen bromide and propene
to form the major product.
Include curly arrows, and relevant dipoles and lone pairs.

(Total for Question 23 = 18 marks)

P87418A 13
COmmC] Turn over



24 Mohr’s salt, (NH,),Fe(SO,),*6H.0, and copper(ll) chromate(VI) are both
ionically-bonded solids.

(@) Mohr’s salt is usually made by dissolving equimolar amounts of iron(ll) sulfate and

14

ammonium sulfate in dilute sulfuric acid and then crystallising.
The reaction equation is shown.

FeSO,7H,0 + (NH,),SO, — (NH,)Fe(SO,)6H,0 + H.O

(i) Calculate the mass of Mohr’s salt produced from 6.95 g of iron(ll) sulfate with
excess ammonium sulfate and a 78.2% yield.

[Data: Molar mass (NH4)2Fe(SO4)2-6HZO =392]

(ii) Calculate the number of cations in two moles of Mohr’s salt.

[Data: Avogadro constant, L =6.02 x 102 mol™']
State what is meant by the term ‘ionic bond'

Electrolysis is an experiment which can be carried out in a school or college
laboratory on an aqueous green solution of copper(ll) chromate(VI) to provide
evidence for the presence of ionic bonding.

Draw a labelled diagram in the Answer Book of the apparatus that you would use
for this experiment.

Indicate observations which show that the bonding in copper(ll) chromate(VI)
is ionic.

(Total for Question 24 = 11 marks)

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

o N w >

(Total for Question 1 = 1 mark)

o N w >

(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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DO NOTWRITEIN THIS AREA DO NOTWRITE INTHIS AREA

DO NOT WRITE INTHIS AREA

3
L1 A
[l B
I ¢
[l D
(Total for Question 3 = 1 mark)
4
L1 A
[l B
I c
[l D
(Total for Question 4 = 1 mark)
5
L1 A
[l B
I c
[l D
(Total for Question 5 = 1 mark)
6
L1 A
[l B
I c
[l D

(Total for Question 6 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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7
L] A
] B
] ¢
] D
(Total for Question 7 = 1 mark)
8
L] A
] B
] ¢
] D
(Total for Question 8 = 1 mark)
9
L] A
] B
] ¢
] D
(Total for Question 9 = 1 mark)
10
L] A
] B
] ¢
] D

(Total for Question 10 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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DO NOTWRITEIN THIS AREA DO NOTWRITE INTHIS AREA

DO NOT WRITE INTHIS AREA

11
L1 A
[l B
I c
[l D
(Total for Question 11 = 1 mark)
12
L1 A
[l B
I c
[l D
(Total for Question 12 = 1 mark)
13
L1 A
[l B
I c
[l D

(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
L] A
] B
] ¢
] D
(Total for Question 14 = 1 mark)
15
L] A
] B
] ¢
] D
(Total for Question 15 = 1 mark)
16
L] A
] B
] ¢
] D
(Total for Question 16 = 1 mark)
17
L] A
] B
] ¢
] D

(Total for Question 17 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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(~ ~N
18
L1 A —
[l B —
0 c —
[l D —
(Total for Question 18 = 1 mark)
L1 A —
[l B —
0 c —
[l D —
(Total for Question 19 = 1 mark)
20
L1 A —
[l B —
0 c —
[l D —

(Total for Question 20 = 1 mark)

TOTAL FOR SECTION A =20 MARKS
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.
21
(@)
(i)
(2)
(i)
(1)
(iii)
(2)
. J
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(4)

(Total for Question 21 = 14 marks)
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(3)

E isomer Z isomer

Alkene with no E-Z isomerism

................................................. CH,CH,CH,

CH,CH=CH,

KMnO, / H*

(3)
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(i)
(1)
(d)
(4)
(Total for Question 23 = 18 marks)
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