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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

across [X.
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1 Mobhr’s salt, (NH,),Fe(S0,),.6H.0, is a blue-green crystalline solid usually made by
dissolving equimolar amounts of iron(ll) sulfate and ammonium sulfate in
dilute sulfuric acid and then crystallising.

The reaction may be represented by the equation

FeSO,.7H,0 + (NH,),SO, — (NH,),Fe(S0,),.6H,0 + H,O
Molar masses 278 132 392 18
/g mol™
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(@) What mass of Mohr’s salt would be produced from 2.78g of iron(ll) sulfate with
excess ammonium sulfate, if the yield in the reaction was 80%?
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(b) How many cations are there in each mole of Mohr’s salt? S
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3 The following molecules are alkenes.
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(@) Which molecule has a geometric isomer?
(1)
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(b) Which molecule would produce 2-bromohexane as the major product on
addition of hydrogen bromide?
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Which molecule has 14 hydrogen atoms?
(1)
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4 The structure of Z-3-methylpent-2-ene is

CH, H
N s
—=C
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(:2++5 (:+*3

Which of the following shows two repeat units of the polymer made from
Z-3-methylpent-2-ene?
CH; H
|
C C
|
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[ CH, H CH; H
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| GHs CHy CH, GH | GH; H  CH, GH,

(Total for Question 4 = 1 mark)

5 What is the systematic name for the following molecule?

T
CHy—CH—CH,—C—CH,
| |

GHs GHs

[0 A 2,4-diethyl-2-methylpentane
] B 2,4-diethyl-4-methylpentane
[J € 3,3,5-trimethylheptane
[0 D 3,55-trimethylheptane

(Total for Question 5 = 1 mark)
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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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6 Nitrogen can form the following species with hydrogen:

H Ho "

HEN:H HEN s NeH HENH HEN: H

H H H
NH; NH, NH, NH; NH;
Which of these species has a dative covalent bond?
L] A NH;
[J B NH,NH,
[J € NH,
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(Total for Question 6 = 1 mark)

7 Which of these elements in Period 3 has the highest melting temperature?
L] A Na
1 B Al
] € Si
1 DP

(Total for Question 7 = 1 mark)

8 The conduction of electricity by a solution is evidence that ions are present in the solution.
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What could be formed when an electric current is passed through
aqueous sodium chloride?
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S5 9 An example of an equation to illustrate the cracking of an alkane from crude oil is
S
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S35

L CisHso - 2GH, + GHs +  GgHyg

R o 2

ol

L2 pentadecane ethene propene octane

et

0 104 —

G Molar masses/g mol™ 28 42 114
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S (@) What is the atom economy for this reaction in terms of production of alkenes?
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o ke Use the expression

i 2

CX AL .

S ok Total mass of desired product(s)

Sh Atom economy = X 100%
w8 Total mass of all products
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SEC Set (b) The chemical industry uses cracking in the processing of crude oil because
L CF (1)
B [J A fractional distillation is too slow and expensive.
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B [ D cracking separates crude oil components.
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S 10 Scientists are developing alternatives to fossil fuels.
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S5 Which of the following is not a result of carbon dioxide emissions?
S

N ) ) .

S [ A The increase in global warming.
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08 [] B The melting of the ice caps.
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2 A [] € The increase in pH of the oceans.

[] D Therisein sea level.

(Total for Question 10 = 1 mark)
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11 Which of the following is isoelectronic with the chloride ion, Cl ?

0 AF

D B B r IR
RS
oot e
S

[0 C Na'

&
e
P
POt s
ot reze’

[l D Ar

(Total for Question 11 = 1 mark)
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12 An excess of zinc powder was added to 50 cm? of 1.0 moldm™ copper(ll) sulfate in a
polystyrene cup. The temperature of the copper(ll) sulfate solution was measured at
30s intervals. The zinc was added after 90s. The results are shown on the graph.
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13 Hess's law can be used to determine enthalpy changes which cannot be measured

directly, such as the thermal decomposition of calcium carbonate.

AH,
CaCO;(s) > CaO(s) + CO,(g)

2HCl(aq) 2HCl(aq)

CaCly(ag) + CO,(g) + H,O(l)
Using Hess's law, the expression to determine AH; is
1A AH,=AH,-AH;
[0l B AH,=AH,+ AH;

[0 € AH,=2AH,-2AH;

[0 D AH,=2AH,+ 2AH;

(Total for Question 13 = 1 mark)
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.

14 This question is about isotopes, and the use of mass spectrometry to detect their
presence and measure their abundance.

(a) Boron has two naturally occurring isotopes, '°B and "'B.

(i) A sample of boron contained 13.9% of isotope '°B and 86.1% of isotope '"B.
Calculate the relative atomic mass of boron in this sample. Give your answer
to three significant figures.
(2)
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(i) Complete the following definition of relative atomic mass.
(1)

The relative atomic mass is the weighted mean mass of an atom of an element
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ii) Boron-12 is a short-lived radioactive isotope.
Name the subatomic particles in an atom of boron-12 and give the number of each.
(2)
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o a( )
S
SR KBS .
§§§§g§g (b) (i) A mass spectrometer operates under a vacuum. Suggest the effect on the
XXX . . . . .
§§§§g§§§ ions in a mass spectrometer if particles from the air were present.
X et’
o (1)
S
e S i it i il A i i i B B A i B
SRt
09=—00s8
et
:::p:‘:z ....................................................................................................................................................................................................................................................................................
e
009,81 19%9 > . . P .
= Gk (ii) Suggest how, if at all, the electric field in the mass spectrometer would affect
X DO« %y . .
= molecules that are not ionised.
S (1)
e
SRS
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SR
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S35
ZRLR R vee . . .
o o *(iii) The reaction of ethene with aqueous potassium manganate(VIl), KMnO,,
S S8 produces ethane-1,2-diol, CH,OHCH,OH.
KRR Detotedede

% sR Data: molar mass of ethane-1,2-diol = 62gmol™

S K In an experiment, KMnO, containing only 0 reacts with ethene.

K2 Kl Suggest how the mass spectrum of ethane-1,2-diol data could be used
to decide whether the oxygen atoms in ethane-1,2-diol came from the
manganate(VIl) ion, water, or a combination of the two.
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-
(c) A student sketched the mass spectrum of chlorine gas which contained 75% of
the *Cl isotope and 25% of the ¥Cl isotope.
. =
Relative s
Intensity
/\/ [TT T T [T T T T[T I T T[T T T [T T T T[T I T T[T T T T[T T T T[T TTI[TTTIT] ke
30 40 50 60 70 80 &5
m/e
(i) Identify and correct the two errors made by the student in this sketch.
(2)
Error 1
(@00 Y5 =T« o o T
= ) s
(@00 T =T« o o 107 2
(i) Give the formula of the ion responsible for the peak with m/e = 74, showing 28
. 9008 e
the isotope(s) present. B o
KO Lo
(1) e o
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15 Alkanes react with halogens in the presence of ultraviolet (UV) light.

(@) Write the equation for the overall reaction of bromine with methane to form
bromomethane. State symbols are not required.

(1)

(b) Propane reacts with chlorine to produce C;H,Cl. There are two possible isomers
with this molecular formula.

Draw the skeletal formulae of these two isomers and give their systematic names.
(4)

(c) Ethane reacts with chlorine in UV light by a free radical substitution mechanism
involving a number of steps.

(i) Explain why ethane does not react with electrophiles.

(ii) Explain why ethane undergoes substitution and not addition reactions.

J
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(i

i) The first step of the reaction of chlorine with ethane in UV light involves
homolytic fission.

Write the equation for this fission and state the name of this reaction step.

Curly half-arrows are not required.
(2)

Equation:

I
RIS,

RS e 00 e 0 et
SIS TR

$Sos0sess
boSstosesesess

R85

NamMe Of FEACTION STEP oo

00
S90S
.’0’0%:6‘.::
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&

(iv) The ethyl free radical is an intermediate in the propagation stage of the reaction.
Draw the dot-and-cross diagram of this free radical.

Use dots (¢) for the hydrogen electrons, crosses (x) for the electrons of one of
the carbon atoms and asterisks (¥) for the electrons of the other carbon atom.
Show only outer shell electrons.

(2)
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(v) What change to the reaction mixture of ethane and chlorine would increase
the production of polychlorinated alkanes such as 1,1-dichloroethane and
1,2-dichloroethane?
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16 This is a question about ionisation energies.

(a) Define in words the term ‘first ionisation energy"

K

K055 (b) Write the equation for the second ionisation energy of lithium.

::::;;;;;E (c) Why is it not possible to determine the third ionisation energy for helium?
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(d) Complete the sketch of the log (ionisation energy) of sodium.
(4)

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

*(g) The first ionisation energy for sodium is +496 kJ mol™" and for magnesium is +738 kJ mol™".
Hence suggest a value for the first ionisation energy of aluminium and justify your choice.
(3)

lonisation Energy Value:
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(Total for Question 16 = 17 marks)
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17 The following data can be used in the Born-Haber cycle for sodium iodide, Nal.

Energy change AH/ kJ mol™’

Enthalpy change of atomisation of iodine +107
Enthalpy change of atomisation of sodium +107
First ionisation energy of sodium +496
First electron affinity of iodine —295

XA
g&&ﬁggdf bl
ISR

Enthalpy change of formation of sodium iodide —288

25005
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r
4

00RO
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polols,

(a) Complete the Born-Haber cycle diagram for sodium iodide by adding the first
ionisation energy of sodium and the first electron affinity of iodine. Include any
relevant entities and arrow directions.
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(b) Calculate the lattice energy for sodium iodide.

Give a sign and units in your answer.
(1)

(c) Explain why the enthalpy changes of atomisation of sodium and of iodine are
endothermic. For each substance, state the type of bonding present in the solid.

(3)

(d) The numerical value for the lattice energy of sodium iodide obtained from the
Born-Haber cycle is more negative than the theoretical value.

(i) Explain why the Born-Haber value is more negative than the theoretical value.
(2)

(ii) Draw an electron density map for the iodide ion in sodium iodide showing
any effect the sodium ion has on the iodide ion.
(1)

(Total for Question 17 = 10 marks)
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18 The reaction of liquid bromine is a standard test for alkenes.

(@) (i) Complete the equation for the reaction of cyclohexene with liquid bromine,
using a skeletal formula.

(1)

+ Br, —

(i) What colour change would you see when this reaction occurs?
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(b) Gaseous but-1-ene is another alkene that readily reacts with liquid bromine.
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Using molecular formulae, the equation for the reaction is
CHs + Br, — C,HsBr,

(i) Using the bond enthalpy values in the table, calculate the enthalpy change for
this reaction.
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