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1

Answer ALL questions.

Some questions must be answered with a cross in a box [X. If you change your mind about an
answer, put a line through the box 54 and then mark your new answer with a cross X.

This question is about a naturally-occurring compound called myrcene, which is

found in many plants.

The skeletal formula of myrcene is shown.

X =

(@) What is the molecular formula of myrcene?

N

(|
(|
(|

(b) What is the maximum number of moles of bromine molecules that could react

O N w >

CsH;
CsHg
CioHio
CioHis

with one mole of myrcene in the dark?

N

(|
(|
(|

O N w >

(c) Myrcene is a dimer of isoprene.

Isoprene has the skeletal formula shown.

N

Which is the [IUPAC name for isoprene?

O o oo

O N w >

2-methylbut-1,3-ene
2-methylbuta-1,3-diene
1,3-diene-2-methylbutane

2-methylpent-1,3-ene
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% (d) Which reagent would convert an alkene group into a diol?
(1)
§§§ [J A hydrogen gas and a nickel catalyst
[J B acidified potassium dichromate(VI)
[] € acidified potassium manganate(VIl)
[J D steam and an acid catalyst
(Total for Question 1 = 4 marks)
2  Which compound must be named using the E/Z system and could not be named
5 using the cis/trans system?
[0 A HOOC—CH,—CH,—COOH
%% [J B HOOC—CH,—CBr—CH—COOH
[ € HOOC—CH,—CBr—CBr,
T [0 D HOOC—(CH,);—CH—CH—(CH,),—COOH
(Total for Question 2 = 1 mark)
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3 This question is about the combustion of alcohols.

The table shows the enthalpy change of combustion for a series of alcohols.

Enthalpy change of combustion

Name Formula /K mol”
methanol CH;OH -726
ethanol C,H;OH -1367
propan-1-ol CsH,OH -2021
butan-1-ol C,H,OH -2676

(@) Predict the enthalpy change of combustion of hexan-1-ol, C¢H,;0H.

(b) The enthalpy change of combustion of octan-1-ol can be determined using the
equipment shown in the diagram.

Procedure
A spirit burner was filled with liquid octan-1-ol.

The burner was weighed, lit and then used to raise the temperature of a quantity
of water in a calorimeter.

The burner was then extinguished and reweighed.

”
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- thermometer
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water
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§§§§§§§ The table shows the results.

e
i
S
e Results
Mass of burner + octan-1-ol before burner was lit 20.95¢g
Mass of burner + octan-1-ol after burner was extinguished 20.15¢
s Mass of water in calorimeter 2009
<L .
Temperature of water after heating 48.3°C
% Temperature of water before heating 21.0°C
%
S
Se%e %%
o Other data
SRR
K
0%0%6% %% oo . - —
SR8 Specific heat capacity of water 4.18J)g™'°C”
o
o
QAR _
Sl Molar mass of octan-1-ol 130gmol”
A~$

Calculate the enthalpy change of combustion of octan-1-ol, inkJ mol™, using
these data.

Include a sign in your answer.

You must show your working.

(4)
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(c) In the experiment, the calorimeter is not insulated. 58

Explain the difference between the enthalpy change of combustion of octan-1-ol SR
determined in this experiment and that quoted in a data book. 5=

NG
(2) o8

(d) A student carried out this experiment leaving the thermometer at the bottom of SR
the calorimeter and not stirring. SRR

Explain the effect this would have on the calculated enthalpy change of et
combustion for octan-1-ol. KL

(Total for Question 3 = 9 marks)
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;%ggg; 4 This question is about some reactions and properties of unbranched alcohols.
Ko
SRS . . .
3?;3%%2 (a) Butan-1-ol can be produced from the reaction of aqueous potassium hydroxide
o5 .
X with 1-bromobutane.
Draw the reaction mechanism for this reaction.
Include curly arrows and any relevant lone pairs and dipoles.
(3)
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(b) Butan-1-ol can also be produced from the reaction of water with 1-bromobutane.
Draw a fully labelled enthalpy level diagram for this endothermic reaction.
Include the formulae of all the species involved.
State symbols are not required.
(2)
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(c) The melting and boiling temperatures of alcohols depend upon
intermolecular forces.

(i) Asthe number of carbon atoms increases in the homologous series of
unbranched primary alcohols, the state at room temperature changes from
liquid to solid.

Explain this trend in change of state from liquid to solid.

(2)

(ii) The boiling temperatures of three isomeric alcohols are shown.

Alcohol Boiling temperature / K

pentan-1-ol 411

2-methylbutan-1-ol 401

2,2-dimethylpropan-1-ol 386

Explain the differences in the boiling temperatures of these three isomers.

(Total for Question 4 = 9 marks)
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5 This question is about mass spectrometry and infrared spectroscopy.

(a)

abundance

.

(

Part of the mass spectrum of an unbranched carboxylic acid is shown.

100
80
60
40
20

0 .|.I|||
50

Relative

/ %

m/z

(i) Identify the relative molecular mass of this carboxylic acid, using information
from the spectrum.

(i) Write the formula of a possible fragment ion with a peak at m/z = 15.

i) Identify, by name or formula, this carboxylic acid.

J
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(b) The infrared spectrum of the same carboxylic acid is shown.

80 —

Transmittance

20 -

0 I I I I I I
4000 3500 3000 2500 2000 1500 1000

Wavenumber /cm™

(i) Explain why identification of the carboxylic acid from the information
provided by this infrared spectrum alone would be very difficult.

(2)
(ii) Identify the bond responsible for the absorption in the range 1725-1700cm™
in this infrared spectrum. )
(iii) Give a possible explanation, with reference to the intermolecular forces
involved, why the peak in the range 3300-2500cm™" is broad. )

(Total for Question 5 = 9 marks)
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6 This question is about some reactions of butan-1-ol and butan-2-ol.
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(@) Which is the equation for the reaction of butan-1-ol with phosphorus(V) chloride?
(1)

CH,OH + PCls —» CH,Cl + POCl; + HCI
CH,OH + PCls —» CH,Cl + PO + HCI + 1%Cl,
CH,OH + PCl; —» CH,Cl + P + 1%Cl, + HOCI

O o oo
O N @ »

2C,H,OH + PCls — 2CH,ClI + POCI; + H,0

(b) A student was asked to prepare pure, dry butanone, starting from butan-2-ol,
solid anhydrous sodium dichromate(VI) and sulfuric acid.
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The equation for the reaction is shown.
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Cr,0; + 8H" + 3CH;CH(OH)CH,CH; — 3CH;COCH,CH; + 2Cr** + 7H,0
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(i) Calculate the minimum mass of sodium dichromate(VI), Na,Cr,0O;, required to
oxidise 0.150 mol of butan-2-ol.
(3)
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*(

) Describe, in detail, the steps in the procedure to make pure, dry butanone

from butan-2-ol.

For each step, include the names of the pieces of equipment needed.

Diagrams of laboratory apparatus are not required.

[Boiling temperature of butanone
Boiling temperature of butan-2-ol

353K
372K]
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(c) Butan-2-ol reacts with a mixture of 50% concentrated sulfuric acid and
potassium bromide.

Draw the skeletal formula of the organic compound formed in this reaction.
(1)

(d) Red phosphorus reacts with iodine to form phosphorus triiodide, Pl;.
P, + 61, — 4Pl
Phosphorus triiodide reacts with butan-2-ol to form 2-iodobutane.
3CH;CH(OH)CH,CH; + Pl; — 3CH;CHICH,CH; + H;PO;

(i) Calculate the number of iodine molecules needed to produce 22.1 g of Pl;.

[L=6.02x 10”mol™
Molar mass of phosphorus triiodide = 411.7gmol ']
(3)
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(ii) 11.9g of butan-2-ol was reacted with excess phosphorus triiodide.
22.8 g of pure 2-iodobutane was formed.
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Calculate the percentage yield of 2-iodobutane.

[Molar mass of butan-2-ol = 74gmol™
Molar mass of 2-iodobutane = 183.9gmol™]
(3)
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(e) The organic product formed when butan-1-ol is partially oxidised is isomeric with
the butanone synthesised in (b).

Give the structural and molecular formulae of these two products stating how

they are isomeric.
(2)
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(Total for Question 6 = 19 marks)
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7 This question is about the industrial preparation of methanol.

The equation for the reaction of hydrogen with carbon dioxide to form methanol
is shown.

3H,(g) + CO,(g) = CH;OH(g) + H;O(9) AH =-49kJmol™

The reaction is carried out at a temperature of 700K and a pressure of 90atm in the
presence of a catalyst.

(@) (i) Explain why the reaction is carried out at a temperature of 700K rather than
400K or 1000K.

(i) Explain why the reaction is carried out at a pressure of 90 atm rather than
40atm or 140 atm.

(3)
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(b) A diagram showing the Maxwell-Boltzmann distribution of molecular energies is
useful to chemists.
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(i) Sketch a graph to show the Maxwell-Boltzmann distribution of
molecular energies for the industrial preparation of methanol.

Include the activation energies for a catalysed and an uncatalysed reaction.
Both axes must be clearly labelled.
(4)
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(i) Explain how your Maxwell-Boltzmann graph shows the effect of a catalyst on
this reaction.

(2)
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(Total for Question 7 = 12 marks)
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8 This question is about catalysts.
(@) Hydrogen can be manufactured by reacting methane gas with steam over a
solid nickel catalyst.
The equation for the reaction is shown.
H,O + CH, = 3H, + CO
(i) Which is the expression for the equilibrium constant K.?
(1)
0 A g = SdRICOl
[H,O][CH, ]
0 B K, = [H,Ol[CH, ]
3[H,][CO]
3
O ¢ K = [H.]°[CO]
[H,O][CH,]
O D K = [H201[CH4]
[H.]°[CO]
(ii) The use of an industrial catalyst reduces the time for 1 tonne of product to be
made from 4 hours to 1 hour.
How many more tonnes of product can be produced in an 8-hour period?
(1)
LI A2
] B 4
I C 6
[ D 8
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(b) Vehicle exhaust systems contain catalysts to decrease the quantity of
pollutants emitted.

(i) State what is meant by a heterogeneous catalyst.

(1)

(i) Describe how a heterogeneous catalyst is able to increase the rate of reaction
in a vehicle exhaust system.

(i

ii) Identify three of the major pollutants and the products they form having
passed over the heterogeneous catalyst.

(Total for Question 8 = 8 marks)
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9 This question is about the complete combustion of hydrocarbons.

(@) The equation for the complete combustion of butane is shown.

The enthalpy changes of combustion can be used in the determination of the

CHio(g) + 6%20,(g) — 4C0O,(g) + 5H,0()

enthalpy change of formation.

(i) Complete an enthalpy cycle for these reactions including relevant arrows,
labels, species and state symbols.

CHio(9)

+ 6%0,g) | —> 4C0,(g) + 5H,0()

(4)
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(i) Calculate the enthalpy change for the formation of butane gas from its
elements, using the information provided.
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-394 kJmol™
-286kJmol™
-2877kJmol™

AH*= [C(graphite/s)]
AH® [Hy(9)]
AH* [butane(g)]

(3)
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(b) State the relevant conditions indicated by the standard symbol in the expression
for the standard enthalpy change of combustion of butane, A .H=[butane].

(2)
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(Total for Question 9 = 9 marks)
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