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Answer all the questions in the spaces provided.

1 Aluminium is a metal in Period 3 and Group Il of the Periodic Table.

(a) Describe the structure of solid aluminium.

(b) Acommon use of aluminium is to make the conducting cables in long distance overhead power
lines.

(i) Suggest two properties of aluminium that make it suitable for this use.

....................................................................................................................................... [2]
The cables are attached to pylons by ceramic supports.
(ii) Describe the structure of a ceramic material.
....................................................................................................................................... [1]
(iii) State the property of a ceramic material that makes it suitable for this use.
....................................................................................................................................... [1]
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(c) Aluminium reacts with chlorine to form a white, solid chloride that contains 79.7% chlorine and
sublimes (changes straight from a solid to a gas) at 180°C.

(i) Describe the structure and bonding in this compound. Suggest how it explains the low
sublimation temperature.

(ii) Calculate the empirical formula of the chloride. You must show your working.

empirical formula = ...........cc.oevvvveeeeenee. [2]
At 200°C and 100kPa, a 1.36g sample of this chloride occupied a volume of 200 cm?.

(iii) Calculate the relative molecular mass, M,, of the chloride. Give your answer to three
significant figures.

(iv) Deduce the molecular formula of this chloride at 200 °C.

[Total: 13]
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2 (a) (i) Explain the meaning of the term enthalpy change of formation.

(ii) Give the equation for the reaction for which the enthalpy change corresponds to the
standard enthalpy change of formation of liquid sulfur trioxide, SO,. Include state symbols.

(b) Ammonia is manufactured by the Haber process.
N,(9) + 3H,(g) == 2NH,(q)

(i) Use bond energies from the Data Booklet to calculate the enthalpy change of reaction for
the Haber process. Include a sign in your answer.

enthalpy change ...........ccccccvveeeneenn. kdmol~" [3]

(ii) State the essential operating conditions for the Haber process.
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(c) One of the major uses of ammonia is in the manufacture of fertilisers such as diammonium
hydrogen phosphate, (NH,),HPO,.

(i) Write an equation for the formation of diammonium hydrogen phosphate by the reaction
between ammonia and phosphoric acid, H,PO,.

(d) The use of nitrate fertilisers can give rise to environmental consequences in terms of effects on
both rivers and the atmosphere.

(i) Explain how the uncontrolled use of nitrate fertilisers can result in a severe reduction in
water quality in rivers.

(ii) Oxides of nitrogen are produced by the action of bacteria on nitrate fertilisers.

Explain the problems associated with the release of oxides of nitrogen into the atmosphere.
Include an equation in your answer.

[Total: 21]
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3 Heptane, C,H,,, is an undesirable component of petrol as it burns explosively causing ‘knocking’ in
an engine.

(a) There are nine structural isomers with the formula C,H,,, only two of which contain chiral
centres.

(i)

(i)

(b) (i)

(ii)

(iif)

© UCLES 2015

Explain the meanings of the terms structural isomers and chiral.

a0 (U] = I E=To 10 1 [T £ TR

Give the structures and names of the two structural isomers of C,H,, which contain a chiral
centre.

[4]

Write an equation for the complete combustion of heptane.

Write an equation for the incomplete combustion of heptane leading to the production of a
solid pollutant.

Incomplete combustion can also lead to emission of unburnt hydrocarbons.

State one environmental consequence of this.
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(c) The reaction of heptane with chlorine in the presence of UV light produces a wide variety of
products.

Formation of the monochloroheptanes can be represented by the following equation.
CH, + Cl, » C,H,Cl + HCI

(i) Name the mechanism of the reaction between heptane and chlorine in the presence of
UV light.

(ii) Describe this mechanism, using suitable equations and including the names of each stage
in the process.

[Total: 15]
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4 Some reactions involving ethanol are shown.

(@) (i)

(ii)

(b) (i)

(ii)

(iii)

(c) (i)

(ii)

_reaction1 distil with
CH,CHC! «—— — CH,CH,OH . -
reaction 2 Cr,0,~+H
heat with NaOH
in ethanol
X

Give an equation for reaction 2 including the reagent needed for the conversion.

....................................................................................................................................... [2]
State the reagent and conditions required for reaction 1.
....................................................................................................................................... [2]
Identify the organic product X.
....................................................................................................................................... [1]
Nitric acid is added to the products of reaction of CH,CH,C1with NaOH in ethanol.

Silver nitrate solution is then added to this mixture.

State what you would observe.
....................................................................................................................................... [1]

Write an ionic equation, including state symbols, for the reaction responsible for the
observation in (ii).

Explain, in terms of the properties of and intermolecular forces in CH,CH,OH and Y, why
the chosen conditions for the reaction ensure that Y is the product.

[Total: 11]
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Answer all the questions in the spaces provided.

1 (a) Fill the gaps in the table for each of the given particles.

name type charge symbol electron
of isotope of particle 9 y configuration
carbon-13 1s22s22p?
= et
sulfur-34 atom 0
iron-54 cation 1522522p®3s23p®3d°

[5]

(b) One of the factors that determines the type of bonding present between the particles of a
substance is the relative electronegativities of the bonded particles.

(i) Explain the meaning of the term electronegativity.

(ii) Name and describe the type of bonding you would expect to find between particles with
equal electronegativities.

(iii) Name and describe the type of bonding you would expect to find between particles with
very different electronegativities.

© UCLES 2015 9701/22/0/N/15



(c) The boiling points of some molecules with equal numbers of electrons are given.

3

substance fluorine argon hydrogen methanol
chloride

formula F, Ar HCI CH,OH

boiling point/K 85 87 188 338

(i) Explain why the boiling points of fluorine and argon are so similar.

© UCLES 2015
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2 Chemical reactions are accompanied by enthalpy changes.

(a) Explain the meaning of the term standard enthalpy change of reaction.

(b) The enthalpy change of hydration of anhydrous magnesium sulfate, AH, , MgSO,, can be
calculated by carrying out two separate experiments.

In the first experiment 45.00g of water was weighed into a polystyrene cup and 3.01g of
MgSO, was added and stirred until it was completely dissolved. The temperature of the water
rose from 23.4°C to 34.7°C.

(i) Calculate the amount of heat energy transferred to the water during this dissolving process.

You can assume that the specific heat capacity of the solution is the same as that of water,
418JgK".

heatenergy = .......cccccovveeieen. J [1]

(ii) Calculate the amount, in moles, of MgSO, dissolved.

amount = ..., mol [1]

© UCLES 2015 9701/22/0/N/15
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(iii) Calculate the enthalpy change of solution, AH,,,,, of MgSO,(s).
You must include a sign with your answer.
AH_,, Of MgSO,(S) = .o kdmol-" [1]

In the second experiment, the enthalpy change of solution for the hydrated salt, MgSO,.7H,O(s),
was calculated and found to be +9.60kJmol".

(iv) Use the equation below for the hydration of anhydrous magnesium sulfate to construct a
suitable, fully labelled energy cycle that will allow you to calculate the enthalpy change for
this reaction, AH,  MgSO,.

MgSO,(s) + 7H,0(l) — MgSO,.7H,0(s)

[1]

(v) Calculate the enthalpy change for this reaction, AH, , MgSO,. Include a sign in your
answer.

AH, s MgSO, = ..o kdmol~" [1]
[Total: 7]
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3 The elements in Period 3, Na, Mg, Al, P and S, all react with oxygen when heated in air.

(@) (i) Give the formula of the oxide formed when each element is heated in air. One has been
completed for you.

[2]

(ii) Describe what you would see when sodium and sulfur are each heated separately in air
and give an equation for each reaction.

(b) The oxides show variations in their behaviour when added to water, acids and alkalis.

(i) Place the symbols of the elements in (a)(i) in the appropriate row of the table to indicate
this behaviour.

acidic
amphoteric
basic
[2]
(ii) State the bonding present in acidic and basic oxides.
= Lo (o | (o2 PO PPN RRRURRUPPPIIN
DASIC . i e e e e e e e e —————————
[2]

(iii) Write equations for the reaction of aluminium oxide with each of hydrochloric acid, HC,
and sodium hydroxide, NaOH.

WIEN HC L <ttt ettt et e e n e e e e e me e e e e ne e e e eneeeeaneeeaaneeeanes
17T = T o PSPPSR
[2]

(c) Explain how the presence of an impurity in carbonaceous fuels can give rise to acid rain.
NAME OF IMPUIILY ettt e e e e e e e e e e e e e ne e e e e aaeeas
.............................................................................................................................................. [2]

[Total: 14]
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4 Halogenoalkanes are useful intermediates in the synthesis of a wide variety of compounds.
(@) 2-bromobutane reacts in two different ways with sodium hydroxide depending on the conditions.

When warmed with aqueous sodium hydroxide, 2-bromobutane produces an alcohol that
exists as a pair of optical isomers.

(i) Give the name of the mechanism of the reaction between 2-bromobutane and aqueous
sodium hydroxide.

....................................................................................................................................... [1]
(ii) Explain why the alcohol produced exists as a pair of optical isomers.
....................................................................................................................................... [1]
(iii) Draw the three-dimensional structure of the two optical isomers of the alcohol produced in
(ii).
' [2]

Heating 2-bromobutane with ethanolic sodium hydroxide produces a mixture of three alkenes,
two of which are a pair of geometrical isomers.

(iv) Give the name of the mechanism of the reaction between 2-bromobutane and ethanolic
sodium hydroxide.

© UCLES 2015 9701/22/0/N/15
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(v) Draw and name the structures of the pair of geometrical isomers formed by reaction of
2-bromobutane with ethanolic sodium hydroxide.

[2]

(vi) Name the third alkene produced by reaction of 2-bromobutane with ethanolic sodium
hydroxide and explain why it does not show geometrical isomerism.

© UCLES 2015 9701/22/0/N/15 [Turn over
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(b) Some reactions involving 2-bromopropane are shown.

reaction 1 reaction 2
CH,CHBrCH; ———— > CH,CH(NH,)CH; ———
2-bromopropane
reaction 3
reaction 6 hydrolysis
HBr
reaction 5 reaction 4
CH,CH,CH,OH +— CH,CH,CO,H
(and CH,CH(NH,)CH,
which is removed)
(i) State the reagent needed for reaction 1.
....................................................................................................................................... [1]
(ii) State the reagent needed for reaction 2.
....................................................................................................................................... [1]
(iii) Give the structural formula of X.
[1]
(iv) Name the type of reaction involved in reaction 4 and suggest a suitable reagent.
....................................................................................................................................... [2]
(v) State the name of a solid catalyst for reaction 5.
....................................................................................................................................... [1]

© UCLES 2015
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(vi) Complete the mechanism for the production of 2-bromopropane from Y in reaction 6
shown below.
Include the structure of Y and any necessary lone pairs, curly arrows, charges and partial
charges.
Y intermediate
Br
—_— —_— H3C_C_CH3
H |
H
Br
[4]
(vii) Give the name of the mechanism in (vi).
....................................................................................................................................... [1]
(viii) 1-bromopropane is a minor product of reaction 6.
Explain why 2-bromopropane is the major product of reaction 6.
....................................................................................................................................... [2]

© UCLES 2015
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Answer all the questions in the spaces provided.

1 Aluminium is a metal in Period 3 and Group Il of the Periodic Table.

(a) Describe the structure of solid aluminium.

(b) Acommon use of aluminium is to make the conducting cables in long distance overhead power
lines.

(i) Suggest two properties of aluminium that make it suitable for this use.

....................................................................................................................................... [2]
The cables are attached to pylons by ceramic supports.
(ii) Describe the structure of a ceramic material.
....................................................................................................................................... [1]
(iii) State the property of a ceramic material that makes it suitable for this use.
....................................................................................................................................... [1]

© UCLES 2015 9701/23/0/N/15
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(c) Aluminium reacts with chlorine to form a white, solid chloride that contains 79.7% chlorine and
sublimes (changes straight from a solid to a gas) at 180°C.

(i) Describe the structure and bonding in this compound. Suggest how it explains the low
sublimation temperature.

(ii) Calculate the empirical formula of the chloride. You must show your working.

empirical formula = ...........cc.oevvvveeeeenee. [2]
At 200°C and 100kPa, a 1.36g sample of this chloride occupied a volume of 200 cm?.

(iii) Calculate the relative molecular mass, M,, of the chloride. Give your answer to three
significant figures.

(iv) Deduce the molecular formula of this chloride at 200 °C.

[Total: 13]
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2 (a) (i) Explain the meaning of the term enthalpy change of formation.

(ii) Give the equation for the reaction for which the enthalpy change corresponds to the
standard enthalpy change of formation of liquid sulfur trioxide, SO,. Include state symbols.

(b) Ammonia is manufactured by the Haber process.
N,(9) + 3H,(g) == 2NH,(q)

(i) Use bond energies from the Data Booklet to calculate the enthalpy change of reaction for
the Haber process. Include a sign in your answer.

enthalpy change ...........ccccccvveeeneenn. kdmol~" [3]

(ii) State the essential operating conditions for the Haber process.

© UCLES 2015 9701/23/0/N/15
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(c) One of the major uses of ammonia is in the manufacture of fertilisers such as diammonium
hydrogen phosphate, (NH,),HPO,.

(i) Write an equation for the formation of diammonium hydrogen phosphate by the reaction
between ammonia and phosphoric acid, H,PO,.

(d) The use of nitrate fertilisers can give rise to environmental consequences in terms of effects on
both rivers and the atmosphere.

(i) Explain how the uncontrolled use of nitrate fertilisers can result in a severe reduction in
water quality in rivers.

(ii) Oxides of nitrogen are produced by the action of bacteria on nitrate fertilisers.

Explain the problems associated with the release of oxides of nitrogen into the atmosphere.
Include an equation in your answer.

[Total: 21]
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3 Heptane, C,H,,, is an undesirable component of petrol as it burns explosively causing ‘knocking’ in
an engine.

(a) There are nine structural isomers with the formula C,H,,, only two of which contain chiral
centres.

(i)

(i)

(b) (i)

(ii)

(iif)

© UCLES 2015

Explain the meanings of the terms structural isomers and chiral.

a0 (U] = I E=To 10 1 [T £ TR

Give the structures and names of the two structural isomers of C,H,, which contain a chiral
centre.

[4]

Write an equation for the complete combustion of heptane.

Write an equation for the incomplete combustion of heptane leading to the production of a
solid pollutant.

Incomplete combustion can also lead to emission of unburnt hydrocarbons.

State one environmental consequence of this.

9701/23/0/N/15
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(c) The reaction of heptane with chlorine in the presence of UV light produces a wide variety of
products.

Formation of the monochloroheptanes can be represented by the following equation.
CH, + Cl, » C,H,Cl + HCI

(i) Name the mechanism of the reaction between heptane and chlorine in the presence of
UV light.

(ii) Describe this mechanism, using suitable equations and including the names of each stage
in the process.

[Total: 15]
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4 Some reactions involving ethanol are shown.

(@) (i)

(ii)

(b) (i)

(ii)

(iii)

(c) (i)

(ii)

_reaction1 distil with
CH,CHC! «—— — CH,CH,OH . -
reaction 2 Cr,0,~+H
heat with NaOH
in ethanol
X

Give an equation for reaction 2 including the reagent needed for the conversion.

....................................................................................................................................... [2]
State the reagent and conditions required for reaction 1.
....................................................................................................................................... [2]
Identify the organic product X.
....................................................................................................................................... [1]
Nitric acid is added to the products of reaction of CH,CH,C1with NaOH in ethanol.

Silver nitrate solution is then added to this mixture.

State what you would observe.
....................................................................................................................................... [1]

Write an ionic equation, including state symbols, for the reaction responsible for the
observation in (ii).

Explain, in terms of the properties of and intermolecular forces in CH,CH,OH and Y, why
the chosen conditions for the reaction ensure that Y is the product.

[Total: 11]
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