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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 What are the shapes of the BF; and PH; molecules?

BF; PH;

pyramidal pyramidal
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trigonal planar trigonal planar

(Total for Question 1 = 1 mark)

2 What are the C—C—C bond angles in diamond and graphite?

Diamond Graphite

109.5° 109.5°

109.5° 120°

120° 109.5°
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(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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S35 3 Which describes the polarity of the C—Cl bond and the polarity of the molecule
SRR .
I8 trichloromethane, CHCI;?
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| 4 Which isomer, with the formula C;H,, will have the lowest boiling temperature?
SRRLS SRS [0 A CH;CH,CH,CH,CH,CH,CH,
S [0 B (CH,),CHCH,CH,CH,CH;,
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(Total for Question 4 = 1 mark)

5 Which is a disproportionation reaction?
[J A CaCO; — Ca0 + CO,
] B 2H,0,—> 2H,0+ 0,
[J C 2H,S+30,— 250, + 2H,0
[0 D Mg(OH), - MgO + H,0

(Total for Question 5 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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6 Which shows the trend in solubility of the hydroxides and sulfates of the Group 2 elements
going up the group from barium to magnesium?

Solubility of Solubility of
Group 2 hydroxides Group 2 sulfates
decreases decreases
decreases increases
increases decreases
increases increases

(Total for Question 6 = 1 mark)
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Fraction of
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Fraction of
molecules

with energy, E

with energy, E

7 Which diagram shows a Maxwell-Boltzmann distribution of molecular energies?

L] B

Fraction of
molecules
with energy, E
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§§§:§§§ < | 8 Therate of the reaction between sodium thiosulfate solution and dilute hydrochloric acid
K EIERK A . . . . .
§§§§{fz§§ increases as the concentration of sodium thiosulfate increases.
%g&&&»
O . . . . .
;?;«,ggg Which of these occurs when the concentration of the sodium thiosulfate solution
“'QQ‘ .
SE increases at constant temperature?
00:,10
S N .
S Activation energy Particles
oo 5
993 9.4 45
= ke A decreases collide more frequently
B SR
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s 0B decreases collide with more energy

SRy SE Ll c stays the same collide more frequently
<R <ol S . .
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S i (Total for Question 8 = 1 mark)
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.~ 2 19 Consider the following exothermic reaction.
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A(s) + B(ag) —» C(aq) + D(g)

X%
K
O
%
%
8
Ki
X
XS

%4
0
o
<

e
<

<
S
»

oY%
%!
]
)
0%
RS
O
K
J
A
Rk
X

o5
5
N
H
%
“
¢!
¢
05!
<
2
Sl
¢!

If the mass of A, and the volume and concentration of the solution of B are constant,
which of these changes in conditions will result in the fastest initial rate?

Size of solid particles of A Temperature

L]A doubled decreased by 10°C

1B doubled increased by 10°C

]cC halved decreased by 10°C

1D halved increased by 10°C

(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 The reaction profile for an exothermic catalysed reaction is shown.

Energy

Reactants

Products
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Progress of reaction

Which arrow represents the activation energy for this reaction?
L] A
1 B
] C
] D

(Total for Question 10 = 1 mark)
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11 An aqueous solution contains dichromate(VI) ions, Cr,037, and
chromate(VI) ions, CrO3", in equilibrium. This solution is a pale orange colour.
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Cr,05 (aq) + H,O(l) = 2CrO; (aq) + 2H*(aq)

orange yellow

What would be seen when a few drops of concentrated sodium hydroxide solution
are added to the equilibrium mixture?
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[0 D The mixture turns yellow.

(Total for Question 11 = 1 mark)
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14 Four isomers with the formula C,H,Br are shown.

P Q
N

Br
Br

Br
Br

Which of the isomers are primary halogenoalkanes?
L] A PandR

1 B PandS

Ll C QandR

(B ») Qonly

(Total for Question 14 = 1 mark)

15 How many different alkenes could be formed when 2-iodopentane, CH;CHICH,CH,CH;,
reacts with alcoholic potassium hydroxide?

LI A1
1 B 2
] € 3
1 D 4

(Total for Question 15 = 1 mark)
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16 1-bromobutane can be made from butan-1-ol.
CH;CH,CH,CH,0H + HBr - CH;CH,CH,CH,Br + H,0
What mass of 1-bromobutane is formed from 3.7 g of butan-1-ol if the yield is 56%?
(Relative molecular masses: butan-1-ol = 74, 1-bromobutane = 137)

[JA 384

SR ?
g X
X

[JB 6.85¢g
JC 12239
0D 76.729g

(Total for Question 16 = 1 mark)

17 Which of these molecules does not absorb infrared radiation?
] A carbon monoxide
[J B carbon dioxide
[J C oxygen

1 D water

(Total for Question 17 = 1 mark)

18 Glucose is fermented to produce ethanol.

ERXS
SRS
b -

S
SIS
5 S

CeH1,06 = 2C,H;OH + 2CO,
What is the atom economy, by mass, for the production of ethanol in this reaction?
(Relative molecular masses: CsH,,0¢ = 180, C,H;OH = 46, CO, = 44)
[JA 256%
1B 48.9%
[]C 50.0%
0D 51.1%

(Total for Question 18 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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19 The mass spectrum of propan-1-ol is shown.

100
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Intensity

Relative

Which peak represents the molecular ion for propan-1-ol containing a carbon-13 isotope?
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(Total for Question 19 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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20 Compounds containing oxygen are sometimes added to hydrocarbon fuels to reduce
incomplete combustion and improve engine performance.

Which contains the greatest number of oxygen atoms?

(Relative molecular masses: CH;0OH = 32, C,;H;OH = 46, CH,OHCH,OH =62, C,H,OH = 74)
[J A 8.0 g of methanol, CH;OH

[0 B 9.2 g of ethanol, C,H;OH

[0 € 6.2 g of ethane-1,2-diol, CH,OHCH,OH

0 D 7.4 g of butan-1-ol, C;H,OH

(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 the carbonates and nitrates of elements in Group 1 and Group 2
of the Periodic Table.

(@) Many of the metal ions of Group 1 and Group 2 can be identified using flame tests.

(i) State the colour given to a flame by barium nitrate.

(i) Explain the origin of the flame colour.

(b) Sodium nitrate and magnesium nitrate decompose when they are heated.

Write equations to show the thermal decomposition of each of these nitrates.
State symbols are not required.

(i) Sodium nitrate

(1)

(i) Magnesium nitrate
(1
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555 (c) Magnesium carbonate decomposes readily when heated but sodium carbonate
S5 does not.

Explain this observation by including reference to the charge and size of the cations.

(4)
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$50K

(d) Hydrated sodium carbonate has the formula Na,CO;.xH,0.

A student determined the value of x in the formula of a sample of
hydrated sodium carbonate. The following procedure was used.

e Use 2.50 g of hydrated sodium carbonate to prepare 250 cm® of solution.

e Use a pipette to transfer 25.0 cm’ of the sodium carbonate solution to a
conical flask.

e Add a few drops of methyl orange indicator to the conical flask.

XXX
g&ﬁﬁggdf !
ST

e Titrate the solution with 0.105 mol dm™ hydrochloric acid until concordant
results are obtained.

X KK
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The student’s mean titre was 16.65 cm?.
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&

The equation for the reaction is
Na,CO; + 2HCI — 2NaCl + H,0 + CO,

*(i) Calculate the amount, in moles, of sodium carbonate, Na,CO;, in the 250 cm’
of solution in the volumetric flask.

(3)
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(ii) Calculate the molar mass of Na,CO;.xH,0 and hence the value of x.

(2)
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(iii) Another student carried out the same experiment but obtained a different
answer. The method this student used for preparing the sodium carbonate
solution is shown.

I weighed 2.50 g of hydrated sodium carbonate in a weighing
bottle and then tipped the solid into a 250 cm® volumetric flask.

I dissolved the solid in a small amount of distilled water and
then added distilled water up to the mark.

I then carried out a series of titrations.

Identify two errors that the student made in preparing this solution and
explain the effect these errors will have on the titration volumes.

(Total for Question 21 = 19 marks)
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22 This question concerns the halogens and some of their compounds.

(@) A halogen dissolves in water to form a yellow solution, and in cyclohexane to
form a purple solution.

Name the halogen.
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-
(c) Chlorine oxidises thiosulfate ions, S,027, to sulfate(VI) ions.
The ionic half-equations for the reaction are
Cl, + 2" - 2CI
5,05 + 5H,0 = 2505 + 10H" + 8e~
Write the overall equation for the reaction.
(1)
(d) The boiling temperatures of the hydrogen halides are shown.
22054
Hydrogen halide = Boiling temperature / K 4
HF 293
HCI 188
HBr 206
HI 238
*(i) London forces are present in all of these compounds.
Describe how these forces arise.
(2) S
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(i) State why the London forces are greater in hydrogen iodide than in hydrogen bromide.
(1)

(i) Explain why the boiling temperature of hydrogen fluoride is higher than that
of hydrogen chloride.

(e) In the solid state, phosphorus(V) chloride exists as [PCl,]" and [PCl¢]” ions.

Predict the shapes of these ions. Fully justify your answers.
(4)
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23 This question is about mechanisms involving halogenoalkanes.

(@) Bromoethane reacts with dilute aqueous potassium hydroxide in a nucleophilic
substitution reaction to form ethanol.

(i) Complete the mechanism for the reaction by adding curly arrows and the
relevant dipole.
(3)

H H H H

| |
H—C—C—Br ———  H—C-C—OH + Br

| |
H H H H

0%
5

(i) Explain the meaning of the term nucleophilic substitution in this mechanism.
(2)
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SECTION C

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

Many organic compounds have characteristic odours.

Some of these odours are pleasant, and the organic compounds are used in
perfumes, soaps, deodorants, shampoos and other cosmetics.

Limonene is a colourless liquid which is present in the rind of lemons.

limonene

Linalool occurs in lavender oil.

= N

linalool

OH

Geraniol and citronellol occur in lemon grass.

They have rose-like odours.

N N geraniol
OH

N citronellol
OH
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=)

) Give the molecular formula for linalool.

(i) Give the empirical formula for limonene.

(i

if) Which of these four compounds are structural isomers?

(b) Describe simple test tube reactions to identify the two functional groups present
in linalool.

Give the reagents required and the observations you would make.
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*(c) (i) Explain whether it is possible to distinguish between limonene, linalool,
geraniol and citronellol using only infrared spectroscopy.

(2)

(i) Describe a chemical test that could be used to distinguish between samples
of linalool and geraniol. Give the result of the test for both compounds.
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5 (d) The four organic compounds react with hydrogen gas, in the presence of a
555 suitable catalyst.

() Name a suitable catalyst for the reaction with hydrogen.

(ii) Complete the balanced equation for the reaction of linalool with excess hydrogen.
(1)
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(iii) A sample of lavender oil contained 70.0% by mass of linalool and no other
unsaturated compounds. Calculate the minimum volume of hydrogen gas,
measured at room temperature and pressure, needed to completely reduce

2.55 g of this lavender oil.

(The molar volume of hydrogen at room temperature and pressure is
24.0 dm’ mol™'. The molar mass of linalool is 154 g mol™)

(3)
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(e) Hydrogen bromide reacts with C==C bonds such as those in citronellol.
Draw the mechanism for the reaction of hydrogen bromide with citronellol.

You should use the formula

ot

CH; R
AN /
=C

/

CH, H

to represent a molecule of citronellol.

Include the dipole on the hydrogen bromide molecule.
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