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(d) In view of your answers to (e)i) and (i), suggest why a temperature of 25°C is used for
the reaction in equation 1.1.

ceneen[2]

{e) (i) Write an expression for the equilibrium constant, ku. for the reaction in equation 1.2.

2NOL{g) = N,O,{g) AH = —58 kd mol~? aquation 1.2

K,=

(2]

(i) Give the units of K, when partial pressures are measured in atmospheres.

units of Rn ........

(iii) At25°C, Ru has a numerical value of 8.7, Galculate the partial pressure of N,Q,(g)
in an equilibrium mixture where the partial pressure of NO,{g) is 0.60atm.
Give your answer to a suitable number of significant figures.

partial pressure of NyOy = e @tm - [2]

(/) N,0,is an acidic oxide of an element in Period 2. Suggest two other elements in this
period that form acidic oxides.

{g) () The NO(g} formed in equation 1.3 must not be aliowed to escape into the
atmosphere, as it is a poliutant.
Give two harmful effects of this gas.

.12)

(i) Suggest what happens to the NO({g} formed in the industriai process.
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th) For the forward reaction in equation 1.2, deduce the signs of the following entropy
changes, giving your reasons.

INOL{g) = N,0,(a) AH =-58kJmol™! equation 1.2
(YT — S
ettt v ey ey ey it ereraaaarenenaaaeean PO PO rerresennnrraasesenens [11

(il A8, oo et e e evesomrareeeeee
eveeeer st eeesenenes -

(i) AS

lotag =mrreereeeesassaneees

e ————— wea[2]
{i} Nitric acid, HNO,, is a strong acid in aqueous solution.
(i} Explain what is meant by the term strong acid.
................ v 1]

(ii) Write a chemical equation for the reaction that occurs when HNO, dissolves in
water.

[2]

{iii) Calculate the pH of a 0.050 mol dm solution of nitric acid.

[Total: 32)
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() Suggest how the male moth detects the pheromone on a molecular level. Say why the
shape of the pheromone molecule is important in this process.

{g) A chemist set out to synthesise a new compound from the pheromone.

This involved the following synthetic route.

Fer
jExaimingr’s
Usg

heat with
¥ ¥ acidified
dichromate{V1)

/Eli\ step 1 step 2 . /_ _\ siep 3 N /=

(i) Suggest a reagent for step 1..

(if) Suggest the identity of the functional group X ... [1]

(iliy Give the reagent and conditions for step 2...

[Total: 26}

2854 Jundd

3 The compound cimetidine is an effective anti-ulcer medicine that works by decreasing acid
secretion in the stomach. It was one of the first medicines ta be designed logically from first
principles, based on an understanding of the chemical processes that take place in the body.

HyC H CHs

cimetidine

(a) (i} Work outfrom the formula the number of carbon and hydrogen atoms in a molecule
of cimetidine.

carbon atoms ..

Rydrogen AlOMS .. ... vverinvrsssse s s sanssssss s e ssasssessssrenre e | 2]

(ii) Suggest values for the bond angles A and B in the part of the cimetidine molecule
shown below.

(2]
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4 FEarmers add slaked Hme, calcium hydroxide, to their fields to neutralise the acidity of clay
soils. Slaked lime is produced from limestone, CaCO,. The limestone is first heated 6 form
calcium oxide, Ca0. A controlled amount of water is then added to the calcium oxide to
praduce solid slaked fime.

{a) () Write a balanced chemical equation for the action of heat on calcium carbonate.

(1

Calculate the mass of calcium oxide made by complete decomposition of 1.0kg of

calcium carbonate.
A:Ca,40; 12,016

mass = .. reervere e g [2]

{b) Draw a dot-cioss diagram to show the ions present in calcium oxide, CaQ.

(2]

{¢) () A Born-Haber cycle for calcium oxide is shown. Complete the cycle by writing
suitable iabets on the dotted lines at points A, B and C.

Ca®(g) + O*"(g)

enthalpy
1stand 2nd
electron affinities of O
| Ca?(g) + O
[
istand 2nd ... PO
eatrmara oo maen of Ca .
A lattice
enthalpy of
CaO
_| Ca(g) + [P, -
enthalpy change of }
atomisation of 10, | Calg) + 10.(g)
enthaipy change of "}
atomisation of Ca Cals} + 1C.(g)
.................... Ty caols)

(3
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(if) Use the data in the table and the cycle in (i) to calculate a value for the sum of the
first and second electron affinities of O(g). Give a sign with your answer.

anthalpy change value/kJ mol™!
A +1748
C —835
lattice enthalpy of CaO(s) -3419
atomisation of Ca(s) +178
atomisation of 30,(g) +249
sum of first and second electron affinities of O{g) = ccvccerccervv kd mal™! - [3]

(d) Calcium hydroxide, Ca(OH),, is formed by the reaction of calcium oxide with water.
Calcium hydroxide is only slightly soluble in water, One reason for this is its positive
enthalpy change of solution in water.

(i} Part of an enthalpy level diagram to show the dissolving of calcium hydroxide in
water is given. Complete the diagram by following the instructions below.

= Draw an appropriate enthalpy level for agueous calcium hydroxide and label it.

¢ Label the enthalpy change that is shown by the arrow on the diagram.
» Draw in and label the remaining enthalpy changes involved in the cycle.

Ca®(g) + 20H™ (g}

enthalpy

Ca(OH)y(s)

[41
(i) Describe the trend of solubilities in the 03:_0 2 hydroxides.,

il
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() (i) Peak 1 was caused by hexadecanoic acid, a carboxylic acid with an unbranched

Eotorirnast it oo lbteah

chain containing sixteen carbon atoms. For X , . e
Draw the skeletal formula for this acid. mﬁ“ﬁ - .

S

{ RETI

2

(@) Another smaller peak is from an unsaturated acid. Name the functional group
present in this compound which is not present in hexadecanoic acid.

(i) Another peak was identified as triacontanol’. Explain how this name tells you that

the compound contains an alcohol group.

Cotin ey

TR
i

" PR e waf1] . : : wxa%ﬁmm‘
(iv) The substances in (i), (i) and (iii) came from the gradual breakdown of esters in ; e : e

beeswax. Gircle in the list below the name of the process by which beeswax
changed into these substances.

condensaiion  elimination  esterification  hydrolysis  reduction [1] : - :

(d) Fats and oils are triesters of glyceral. B - F%W%Mm%%%é-
Draw the structure of the molecule formee when glycerol (propane-1,2,3-triol) reacts : e Bl

with three molecules of a long-chain carboxylic acid to form three ester links.

Use full structura! formulae for the glycerol and ester parts of the molecule and
skeletal formulae for the long chains of the carboxylic acids {the number of carbon
atoms in the chain is not important).

[3
' {Total: 13]

_ OCR has made every elforl to trace the copyright holders of llems used in this Question pager, bul il we have inadvarlantly overlcoked any, we apologise. m
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