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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 Atomic numbers and mass numbers are used to identify isotopes.

(a) What is the mass number of the isotope 5¢Kr?

] A 36
[l B 48
[l c 84
[J D 120

(b) Which element has the atomic number 15 and mass humber 31?

[l A Ga
0 B P
] € Pd
I D S

(c) What is the number of electrons in the selenide ion 5Se*?

A 34
B 36
C 80

O o oo

D 82
(Total for Question 1 = 3 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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2 Mass spectrometry is used to analyse samples of elements and molecules.

(a)

What is used to accelerate ions in a mass spectrometer?

beam of electrons
electric field

magnetic field

O o oo
O N @ »

vaporisation
A sample of boron contains 20.6% '°B and 79.4% ''B.

What is the relative atomic mass of this sample of boron?

10.21
10.50

O 0O oo

A

B

C 10.79
D 10.80

Bromine only has the two isotopes, "’Br and ®'Br.

A pure sample of elemental bromine, Br,, was analysed in a mass spectrometer.

Why did the mass spectrum have a small peak with m/z = 80?

an isotope with a mass of 80 was formed in the spectrometer

there was contamination in the spectrometer

O 0O oo

A

B

C ions can form with a 2+ charge

D this is the mean value of the two isotopic masses

(Total for Question 2 = 3 marks)

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

O]
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3 An organic compound contains 53.3% carbon, 11.1% hydrogen and 35.6% oxygen by

mass. The molar mass of this compound is 90.0gmol ™.
[Data: A, H=1.0 C=12.0 0O=16.0]

What is the empirical formula of the compound?

C4Hq0
CHi00,
C4Hs0,

o N w >

CGHsO

(Total for Question 3 = 1 mark)

Strontium nitrate, Sr(NOs),, can be prepared by the reaction of strontium carbonate
with dilute nitric acid. The equation is shown.

SrCO5(s) + 2HNOs(aq) — Sr(NOs),(aq) + CO,(g) + H,O(l)

(@) Which is the ionic equation for this reaction?

0 A Sr*(s) + 2NOs(@ag) — Sr(NO,),(aq)

[0 B CO5(s) + 2H*(aq) — CO,(g) + H,O()

L] € SrCOs(s) + 2H'(aq) — Sr’flag) + CO,(g) + H,0()

0 D SrCOs(s) + 2HNOs(agq) — Sr’f(ag) + 2NO; + CO,(g) + H,O()

(b) What is the percentage atom economy, by mass, for this preparation of
strontium nitrate?

[Data:A, H=1.0 C=120 N=140 O=16.0 Sr=87.6]

22.7
70.7

77.3

0o o o o
O N w »

82.8

(Total for Question 4 = 2 marks)

Use this space for any rough working. Anything you write in this space will gain no credit.
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5 Which isoelectronic ion has the largest radius?

N

0
0
0

A

B
C
D

Ca2+
clr
K+
s>

(Total for Question 5 = 1 mark)

6 0.100 mol of sodium nitrate dissolves in deionised water to form 250 cm? of solution.

What is the solution concentration, in gdm™?

[Data: NaNO; molar mass = 85.0gmol ']

N

0
0
0

A

B
C
D

0.034
0.400
8.50
34.0

(Total for Question 6 = 1 mark)

7 Which of the giant lattices of carbon atoms contain flat hexagonal rings?

N

0
0
0

A
B
C
D

diamond only

graphene only

graphite only

graphene and graphite only

(Total for Question 7 = 1 mark)

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

O]
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8 The first ionisation energy for hydrogen is 1312 kJmol".

What is the ionisation energy, in joules, that is needed per atom of hydrogen?

[Data: Avogadro constant, L = 6.02 x 10 mol™']

N

o N w >

(|
(|
(|

1.09x 107
218 x 107"
1.09 x 107
218 x 107

(Total for Question 8 = 1 mark)

9 Which molecule is polar?

L1 A
[l B
0 ¢
[l D

BeCl,
NCl;
ccl,
PCls

(Total for Question 9 = 1 mark)

10 Zinc has electrons in s, p and d orbitals.

How many electrons in total does zinc have in p orbitals?

L] A

[l B
0 ¢
1 D

12
10
8
6

(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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11 A sample of 6.300g of cerium reacted completely with 1.439 g of oxygen gas.

What is the formula of the oxide formed in this reaction?

[Data: A,

N

0
0
0

A

B
C
D

Ce=140.1 0=16.0]
CeO,
Ce, 04
CeO,
Ce;0,

(Total for Question 11 = 1 mark)

12 Which compound can only be named using the E-Z naming system and not using
the cis- and trans- naming system?

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

O]

cl H
N
c=cC
\
H,C C,Hs
H H
N/
c=cC
H,C CH,CH,
cl H
N
c=cC
/7N
H.C cl
HCHiCH,
c=cC
/N
H,CCH, H

(Total for Question 12 = 1 mark)

P 8 4 3 6 06 A 0 7 2 4 Turn over
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13 Free radical substitution is the mechanism of the reaction between methane

and chlorine.

(@) Which drawing of curly half-arrows shows initiation?

N

N

N

N

A

B

C

D

A

AVl

N
Cb— Cl

cl —/él
/!

(b) Which equation is not a possible propagation step in the reaction?

(5 O O

O

O n w >

CH, +
CH, +
CH;e +
CH.CL +

Cle —» CHCl + He
Cle — CHs + HCl
Cl, — CHC + Cl
Cle —» CH(Cle + HCl

(c) What differentiates a termination step from a propagation step?

O o oo

A
B
C
D

covalent bonds are formed

heterolytic fission occurs

no free radicals are formed

ultraviolet radiation is not needed

(Total for Question 13 = 3 marks)

TOTAL FOR SECTION A =20 MARKS

P 8 4 3 6 06 A 0 8 2 4
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

14 lonisation energies provide information about the orbitals in the electronic structures
of atoms.

(a) State what is meant by the term ‘orbital’

9
“mm NN 0 A 0O Furm over
P 8 4 3 6 06 A 0 9 2 4
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(c) Explain how the changes in the first four successive ionisation energies of calcium
indicate the group to which it belongs.

(d) Write the equation for the second ionisation energy of fluorine.
Include state symbols.

(e) The first ionisation energy of nitrogen is +1402 kJ mol™.

Predict an approximate value for the first ionisation energy of oxygen.
Justify your answer.

NN 0 0 O O 0 o
P 8 4 3 6 6 A 06 1 0 2 4
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(f) The first ionisation energy of magnesium and of aluminium are shown.

Element First ionisation energy / kJ mol™
Magnesium +738
Aluminium +578

Explain why the first ionisation energy of aluminium is less than that
of magnesium.

(Total for Question 14 = 15 marks)

11
I
“mm NN 0 0 0 R 0 Furm over
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Propane and butane are used as fuels in portable heaters. They are stored under
pressure in cylinders as liquids. When the cylinder valve is opened, the decrease in
pressure causes the liquid fuel to change into a gas.

(a) A gas cylinder contains 18.4dm’ of liquid propane, C;Hs.

Calculate the volume of propane gas that would be produced from this quantity
of liquid propane at 101 kPa and 25°C.
Include units in your answer. You must show your working.

Use the ideal gas equation, pV = nRT.

[Data: R=8.31Jmol™ K" Density of liquid propane = 0.585gcm™]

(b) Gas cylinders are made of metal.

Explain, with reference to structure and bonding, why these gas cylinders can
withstand the high pressures.

NN 0 0 0 0 o
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(c) Complete combustion of butane produces more carbon dioxide than the
complete combustion of propane, per mole of fuel.

(i) Write an equation for the complete combustion of propane.
State symbols are not required.

(ii) Determine the increase in volume, in dm?, of carbon dioxide gas produced per
mole of butane compared to per mole of propane on complete combustion.

Use 24dm’mol™ for the molar volume of carbon dioxide gas.

(iii) State an environmental problem which arises from the use of propane and
butane as fuels.

“mm NN 0.0 0 R 0 0
P 8 4 3 6 6 A 0 1 3 2 4

13

Turn over
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(d) Incomplete combustion of propane produces carbon monoxide, which is a
serious health hazard. The UK’s Health and Safety Executive has imposed a
maximum workplace exposure limit.

This limit is 20 ppm of carbon monoxide, by volume, during an 8-hour period.

(i) A small workroom has a volume of 50.2m°.

Calculate the maximum number of carbon monoxide molecules allowed in
the workroom if a person is present for 8 hours.

[Data: Avogadro constant, L = 6.02 x 10* mol™
Molar gas volume = 24 dm>*mol™']

(i) Suggest two steps a person could take to reduce the risk associated with the
hazardous carbon monoxide whilst working in this room.

(Total for Question 15 = 14 marks)
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16 This question is about organic compounds with the molecular formula CsH,,.

(a) Pent-1-ene and pent-2-ene are structural isomers, but only pent-2-ene has
geometric isomers.

(i) State why pent-1-ene and pent-2-ene are structural isomers.

(b) Pent-1-ene can be converted into pentane.

Add a catalyst for this conversion on the dotted line.

CH,CHCH,CH,CH; + H, —™™,  CH,CH,CH,CH,CH;

(c) Pent-2-ene reacts with hydrogen bromide to form two different products.

Draw the displayed formula of each product.

Product 1 Product 2

15
“mm NN 0 0 0 R0 20
P 8 4 3 6 6 A 0 1 5 2 4 Turn over
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(d) Both pent-1-ene and pent-2-ene react with steam in the presence of an
acid catalyst to produce alcohols.

Explain, by referring to the addition of steam, how both alkenes can produce the
same alcohol but can also produce different alcohols.
Include names and structures of all three alcohols.

(e) Draw two repeat units of poly(pent-2-ene).

NN 0 0 0 O 20 o
P 8 4 3 6 6 A 0 1 6 2 4
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(f) There are three branched alkenes with the molecular formula CsH;,.
The skeletal formulae of two of these are shown.

Draw the skeletal formula of the other branched alkene of C;H;,.

P P

(g) Five cycloalkane molecules have the molecular formula CsH,,.

(i) Describe the result when bromine is added to cyclopentane in the dark.

(ii) Draw the structure of three of the other cycloalkane isomers of CsH,,.
Do not draw cyclopentane.

(Total for Question 16 = 16 marks)

17
“mm NN 0.0 0 O 0
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17 This question is about the salts ammonium sulfate and copper(ll) sulfate.

(@) Ammonium sulfate has the formula (NH,),SO,.

Ammonium salts contain the ammonium ion NHj; . This ion is formed when
ammonia forms a dative covalent bond with a proton.

Explain, using electron-pair repulsion theory, how the ammonia molecule and the
ammonium ion have different bond angles and shapes.

NN 0 0 0 R O 0 o
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(b) Copper(ll) sulfate is an ionic compound.

(i) Describe an experiment which would demonstrate the movement of the
copper(ll) ions in an aqueous solution of this salt.

(i) Complete the dot-and-cross diagram of the sulfate ion.
Use dots (e) for the sulfur electrons, crosses (X) for the oxygen electrons and
triangles (a) for the extra electrons.

- — -

AN\
NV

19
“mm NN 0 0 O 0
P 8 4 3 6 6 A 06 1 9 2 4 Turn over
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(c) The double salt, (NH,),Cu(SO,),, can be made by adding ammonium sulfate
solution to aqueous copper(ll) sulfate. The equation for this preparation is shown.

(NH,),SO, + CuSO, — (NH,),Cu(SO,),

The double salt was prepared by:

. dissolving 3.35 g of ammonium sulfate in 25 cm’ of deionised water

. dissolving 3.96 g of copper(ll) sulfate in 25 cm® of deionised water

- adding the two solutions together, heating and then leaving to crystallise

(i) Calculate which of the salts was in excess.

NN 0 0 0 O 0 o
P 8 4 3 6 06 A 0 2 0 2 4
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(i) The crystalline salt prepared is hydrated and has the formula
(NH,4),Cu(S0,),*6H,0. The mass collected was 9.52 g.

Calculate the percentage yield of the double salt from this preparation.

(Total for Question 17 = 15 marks)

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

P 8 4 3 6 6 A 0 2 1 2 4
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