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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 maximum permitted concentration of sulfur in diesel fuel is 10 mg of sulfur in
1kg of diesel fuel.

(@) What is this concentration of sulfur in ppm?

N

|
0
0

O N w >

0.00001
0.01

10
10000

(b) 3.2kg of this diesel fuel is burned in air.

What is the maximum volume, in dm’, of sulfur dioxide which can be produced,
measured at room temperature and pressure (r.t.p.)?

[Molar volume of a gas at r.t.p. = 24dm’ mol ']

O o oo

O N w >

0.024
0.77
24

24

(Total for Question 1 = 2 marks)

2 Which equation represents the second ionisation energy of chlorine?

O A cl(g)
O B clg)
O ¢
O D

+ e - (g
+ 2 - Cl(g)
2Cl(g) — 2Cl'(g) + 2e
Cl'g) —» Cl*(@) + e

(Total for Question 2 = 1 mark)
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3 The diagram shows a mass spectrometer.

to vacuum pump

detector

(@) Which process occurs in region R?

O

D

the sample is vaporised using a heater

electrons are removed from molecules or atoms and positive ions

are formed

electrons are added to the molecules or atoms and negative ions

are formed

ions are accelerated by an electric field

(b) Which statement is correct for region T?

O 0O oo

O n w >

ions with a greater mass have a smaller deflection
ions with a greater mass have a greater deflection
ions with a greater charge have a smaller deflection

ions are speeded up by a magnetic field

(Total for Question 3 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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4 A mass of 0.23 g of sodium was added to 350 cm® water to form hydrogen and a
solution of sodium hydroxide.

Na(s) + H,O(l) — NaOH(aq) + '%:H,(g)

(@) What is the concentration, in moldm™, of sodium hydroxide in the
solution formed?

O o oo

A
B
C
D

0.010
0.029
0.29
0.66

(b) What is the maximum volume, in cm?, of hydrogen which could be formed,
measured at r.t.p.?

[Molar volume of a gas at r.t.p. = 24dm’mol ']

O o oo

O N w >

120
240
480
2800

(c) The sodium hydroxide solution was neutralised with sulfuric acid.

Which is the ionic equation for this reaction?

O o oo

O N w >

H'(@agq) + OH(ag) — H,0()

SO; (ag) + 2Na'(aq) — Na,SO.(aq)

H,SO4(ag) + 2Na‘(ag) + 20H(aq) — Na,SO.aq) + 2H,0(l)

2H(aq) + SOZ (aq) + 2Na*(aq) + 20H (aq) — 2Na*(aq) + SOZ (aq) + 2H,0(l)

MR 0 0 mcmn
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(d) Sodium hydroxide solution was added to magnesium sulfate solution.
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The equation for the reaction is shown.
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2NaOH(aq) + MgSO4@q) — Mg(OH),(s) + Na,SO4@q)

What is the atom economy (by mass) for the production of magnesium hydroxide?

[A,values: H=10 0=160 Na=230 Mg=243 S=321]
(1)
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5

In which series are the ions in order of decreasing ionic radius?

N

0
0
0

A

B
C
D

Al3+
Li*

i
o

>

>
>
>

MgZ+
Na*
0”
s>

> Na'
> K
> F
> Se”

(Total for Question 5 = 1 mark)

A stable ion, M?**, contains 18 electrons.

In which block of the Periodic Table is element M found?

N

0
0
0

A

B
C
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 Ammonium iron(ll) sulfate, (NH,),Fe(50,),-6H,0, is a double salt that is used as a
source of iron(ll) ions.
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(a) What is the relative formula mass of the double salt?

[Aivaluess H=10 N=140 0=160 S=32.1 Fe = 55.8]
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(b) Ammonium sulfate is used in the preparation of the double salt.

258
5
S

What types of bond are present in ammonium sulfate?
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(c) What is the total number of ions present in 0.1 mol of the double salt?

[Avogadro constant (L) = 6.02 x 10 mol™']
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Use this space for any rough working. Anything you write in this space will gain no credit.
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4 )
8 In which series are the elements in order of increasing melting temperature?
0 AL < B, < C, < F
[ B L < Be < B < C
[l €L < Na < K < Rb
0 DSi <P < S < d
(Total for Question 8 = 1 mark)
9 Which row gives the correct polarities of the S—F bond and the SFs molecule?
Polarity of S—F bond Polarity of SFs molecule
] A polar polar
] B polar non-polar
] ¢ non-polar polar
] D non-polar non-polar
(Total for Question 9 = 1 mark)
Use this space for any rough working. Anything you write in this space will gain no credit.
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10 Methane reacts with excess chlorine in UV light.
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(@) Which process occurs in the initiation step?
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(b) Which of these molecules could not be formed in a termination step?
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(Total for Question 10 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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11

Geometric isomerism is shown by 2-chlorobut-2-ene.

(a) What is the skeletal formula of E-2-chlorobut-2-ene?

o Aﬁ<
/TN

(1)

(b) What is the total number of sigma bonds in Z-2-chlorobut-2-ene?
(1)

w

D
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(Total for Question 11 = 2 marks)

TOTAL FOR SECTION A =20 MARKS
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SECTIONB
Answer ALL the questions. Write your answers in the spaces provided.
12 This question is about the chlorides of beryllium and calcium.

(a) Complete the electronic configurations of the atoms of beryllium and calcium
using the s, p, d notation.
(2)

Be 1s?

(b) In the gaseous state, beryllium chloride is molecular.

Draw a dot-and-cross diagram to show the bonding in a molecule of
beryllium chloride, BeCl,.
(2)

(c) In the solid state, beryllium chloride forms a polymeric structure.

The diagram shows part of this structure.
Cl Cl Cl Cl Cl
NN SN SN S
Be Be Be Be
SN NN
Cl cl Cl cl cl

The diagram uses lines and arrows to represent the two different types of
covalent bond.

Describe how each type of bond is formed.

1
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(d) The Cl—Be—Cl bond angle is different in the two forms of beryllium chloride.

Predict the two bond angles, justifying your answers by referring to
electron-pair repulsion theory.

(e) Anhydrous calcium chloride is a crystalline, ionic solid which melts at 772°C.

Draw a dot-and-cross diagram for calcium chloride.
Show the outer electrons only.

(4)

(2)

12
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§§§§§§§§§§ (f) Explain why gaseous beryllium chloride and solid calcium chloride have different
S i

§§§§§§ types of bonding.
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13 This question is about silicon and carbon.
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(@) Silicon is a semiconductor. ‘o

(i) Data obtained using the mass spectrum of silicon are shown.

Isotope mass number Relative abundance

28 92.17

29 4.71

30 3.12

Calculate the relative atomic mass of silicon to two decimal places.
(2)
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(i) Suggest a reason why there is a small peak in the mass spectrum of silicon
atm/z=14
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SIS . .
§§§§§§§§§§ (i) Complete the table to show the number of protons and neutrons in each
REERS . .1
85555 isotope of silicon.
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protons neutrons
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(b) Silicon dioxide, SiO,, is the main constituent of sand and has a giant lattice
structure similar to that of diamond.
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Crystalline silicon dioxide is used on the surface of semiconductor devices to
provide a heat-resistant, electrically insulating layer.
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Explain how the structure and bonding of silicon dioxide make it useful for
this application.

%

%

<

3
%5

5

0%
KL

<
X
o ode

%%
oo
35

020070
R

05002002
SRR

0
oo
odedet

R

IR,

6
S5

388

XX
B990%S
3550

e
Selototedet
~@N¢&ﬁﬂﬁ%@%ﬁ%&§$&&hﬂ&?

35
t‘

X
£30s

00
9%
o™
‘z';
%
0

<
<

~
%S
oot
< 5
S
S5

%
X

R
PATX
SR

XK
N0 N

Q%v‘ S

0%

9%
X
N 3
et
IR

9%
O

okt 0
%’ %053
% 3&,
5
5
:E:E
A J

mcmn AR KT 0 Turn over »
P 6 9 4 6 2 A 0 1 5 2 4



~
(c) Calcium silicate is formed in the removal of silicon dioxide impurities in the
extraction of iron from its ores. A sample of calcium silicate composed of calcium,
silicon and oxygen was found to contain 12.0g of calcium, 8.43 g of silicon and
14.47 g of oxygen.
Determine the empirical formula of calcium silicate.
You must show your working.
(3)
(d) Carbon dioxide is a gas at room temperature. A fizzy drink is canned at 5.0°C and
1.3 x 10° Pa and contains approximately 3 g of carbon dioxide.
Calculate the volume, in cm’, occupied by 3.00 g of carbon dioxide gas at 5.0°C
and 1.3 x 10°Pa.
[pV=nRT R=8.31Jmol K]
(4)
(Total for Question 13 = 14 marks)
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;:;;;ggg;; 14 Aluminium is an abundant metal with many uses.
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e (@) The first four ionisation energies of aluminium are shown.
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1 578

2 1820

3 2750

4 11600
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Explain how this information shows that aluminium is in Group 3 of the
Periodic Table.
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(b) The graph shows the first ionisation energies for the elements in Period 3.
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lonisation energy

/kJmol™ 8007
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Na Mg Al Si P S cl Ar

Element

(i) Explain the general increase in the first ionisation energy
from sodium to argon.

(i) Explain why the first ionisation energy of aluminium is less than
the first ionisation energy of magnesium.
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S5 (c) (i) Describe the bonding in aluminium metal.
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(i) Give two possible reasons why aluminium is used for overhead power cables.

(2)
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(d) New uses for waste aluminium cans are being investigated. One possible use is to
make nanoparticle alloys to produce hydrogen for fuel.

(i) Aluminium nanoparticles react with water to produce aluminium oxide
and hydrogen.

Complete the following equation. State symbols are not required.
(1)
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(i) Give two possible reasons for producing hydrogen from aluminium rather
than from fossil fuels.
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15 Alkanes and alkenes are obtained from crude oil.
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(a) Describe how a sample of octadecane can be obtained from a mixture of alkanes. S
(2) SO
gg&

<X

(b) (i) Octadecane can be cracked to produce butene and one other product.

Complete the equation. State symbols are not required.

CigHys —  2CH, +
(1)

(i) One of the products of this cracking reaction is but-1-ene.

Give the skeletal formulae for the other three alkene isomers of C,H; “‘ 3
(2)
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ii) Some reactions of but-1-ene are shown.
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(c) Draw the displayed formula of poly(but-1-ene) showing two repeat units.
(2)

(d) State one advantage and one disadvantage of using incineration for the disposal
of polymers, other than the effect on climate.

(e) (i) Butaneis used as a fuel.

The equation for the complete combustion of butane is shown.
2CHo(g) + 130,(g) — 8CO,(g + 10H,0O(l)
35.0cm’ butane is completely burned in 300 cm’® oxygen.

Calculate the final total volume of gas in cm’.

All volumes are measured at the same temperature and pressure.

(3)
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§§§§§§§§§§ (ii) Explain the main hazard when using butane as a fuel in a portable heater in
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