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QUESTION ONE

Ocean acidification occurs due to carbon dioxide in the atmosphere dissolving into seawater and
forming various acids.
One step of this process is shown below:

H,CO,(ag) + H,0(£) = HCO, (ag) + H;0"(aq) K, =430x107

(a) (i) Write the equilibrium constant expression for this reaction.

Cheo, TRHy0 1]
K(,: EHZ((ngC“Z@

(ii)  The value of the equilibrium constant is 4.30 x 1077,
xplain what this indicates about the ratio of products and reactants.
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3
(iii) Global oceanic temperatures have been increasing since the industrial revolution.

Predict the impact on the position of equilibrium as temperature increases, if the enthalpy
of this reaction is A H = -3.85 kJ mol .

In your answer:
describe the effect of temperature on the forward and reverse reactions
. explain any changes that would occur to the value of K .

You do not need to perform any calculations.
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(b) (i) Calculate the pH of a 0.25 mol L' solution of hydrochloric acid, HCI.

‘—F'ﬁ-#-"‘%‘ H= ~lpg (0.75
£H= 0'}607[;3%/

(ii) Calculate the concentration of hydroxide ions, OH", in a solution of hydrochloric acid,
HCI, with a pH of 1.3. ;

OH ® [4-€Hd
f:!k«‘ﬂ MV
D = T 00l s [ oF)
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(iii) Compare the pH and conductivity of hydrochloric acid, HCI and carbonic acid, H,CO,.

Hydrochloric Acid, HCl | Carbonic Acid, H,CO,
Acid Strength Strong Weak
pH 1.0 4.7
Concentration 0.10 mol L' 0.10 mol L'

In your answer, include:

definitions for strong and weak acids
an explanation of the pH for each solution (HCI and H,CO,) and relevant equations

a definition for conductivity
an explanation for the conductnvnty of each solution (HCI and H,CO,).
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QUESTION TWO

Paua are a species of marine organism, which form their shells from layers of calcium carbonate,
CaCO,, and proteins. This layering leads to a very strong shell structure with a dull, pitted outer layer
and smooth, shiny inner layer. Unfortunately, the calcium carbonate reacts with acid in the oceans
leading to degradation of their shells.

(a) (i) Describe the chemical observations made when the calcium carbonate shells react with
acid in the ocean.

[LQIWV\ G/ bena e cea s v Ht Lidspe 'Cufm W Mﬁr
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(ii) Cross-sectional views of two different paua shells are shown below.

Key
Outer (surface) layer 1]
Inner (shiny) layer [ |

Total Shell Area = 110 ¢m? Total Shell Area = 220 cm?’
Piua Shell A Piua Shell B

Explain which paua shell is more vulnerable to the effects of ocean acidification.
In your answer, include concepts of:
collision theory

rate of reaction.
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(b) Paua use enzymes like carbonic anhydrase to help form their shells. Enzymes are biomolecules
that act as catalysts for specific reactions.

The graph shows the change in the mass of the paua shell over time without the use of an
enzyme to build the shell.

(i)  Add a second line to the graph to predict the change in mass over time when using the
enzyme.

=

without enzyme

Mass (g)

Time (momhs)=

(i) Discuss how the carbonic anhydrase enzyme affects the rate of the reaction to form paua
shell.

In your answer, refer to:
the role of a catalyst
collision theory

activation energy.
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(c)

7

Calcium hydroxide, Ca(OH),, calcium chloride, CaCl,, and calcium ethanoate, Ca(CH,C0O0),,
are soluble calcium compounds.

(i)  Write an equation to show the complete dissociation of each of these compounds in water.
7+ -
Calcium hydroxide: £L (0 Hz) (6[1) 2 £L («l’} = 2 0 H (544

Calcium chloride: [ & (/ 2“,;) Z‘ 7(:”'[][/ (04’

Calcium ethanoate: é‘\ ([HS (OO]Z (2“)-) [51 z:) + 2 ( /’ 3[00(:4)

(ii) Calcium ethanoate will react further once dissolved.

Write an equation for the reaction of ethanoate, CH,COO",

(M3 000 eyt B30, 2 CH3 (00K + 0N, )

(iii) The pH of 0.10 mol L' solutions of these three compounds are below.

Solution Ca(OH), CaCl, Ca(CH,C00),
pH 13.2 7 8

Discuss the differences in their pH.
In your answer:
give a definition for acids and bases
explain how proton transfer is linked to pH
discuss any ability for these compounds to transfer protons. (k)
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QUESTION THREE

Phosphorus pentachloride, PCly, is a common chlorinating agent in organic chemistry. It is produced as
a gas using phosphorus trichloride, PCl;, and chlorine gas, Cl,:

PCl,(g) + Cly(g) = PCl(g)
(@ (i) During the manufacturing process, some of the PCl; is removed from the reaction vessel.

Explain, using equilibrium principles, how the system responds to restore equilibrium.

In your answer, refer to each of the species present.

W/% /5 (5‘ IUJU[H (8 f{ma‘&é{ f"""ﬂz )_GIZ'M/
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(i) Explain why producing PCl, is favoured when the reaction is transferred to a vessel with a
much smaller volume.

In your answer, include:
a description of the changes occurring
an explanation of equilibrium principles

what happens to the position of equilibrium when the pressure is increased.
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(b) (i) The equilibrium expression for the reaction is shown below.

e
7 [pc1s][Cl2]

Calculate the equilibrium constant at 300 °C if the concentrations are as follows:
[PCL;] = 0.016 mol g
[Cl,] = 0.021 mol L~!
[PCl] = 0.00013 mol L~
0.00013

.60x §.021

= 0.3%7 (%6F)

K

(i) Explain the effect of increasing the concentration of Cl, on the equilibrium system AND
K, value.

PCly(g) + Cly(g) = PCly(g) |
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(iii) The reaction is set up under new conditions, with different temperatures to favour the
production of phosphorus pentachloride, PCI,.

Condition 1 Condition 2
Temperature 200 °C 700 °C
K, 49 0.023
[PCLy] 0.12 mol L' 0.15 mol L'
[CL,] 0.09 mol L' 0.12 mol L!

Use the K values to explain which set of conditions (1 or 2) would increase production of

PCI.. M
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(iv) Calculate the concentration of PCl under each of the new conditions listed in (iii). K ‘ *

CPelsd - K, x [Pugjx[:a ]
Longibion 2:
U TPrL) = 495 01200092 0.52 Gl 1(B6E )
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Question Three continues
on the next page.
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12 A
(c) Chlorine gas, Cl,(g), can also be used to produce nitrosyl chloride, NOCI(g). a catalyst and
industrial bleaching agent.
Cl,(g) + 2NO(g) = 2NOCI(g)
The formation of NOCI(g) is favoured when the temperature is decreased.

Explain why this reaction is performed at 95 °C instead of a lower temperature (for example,
25:%°C).

In your answer:
identify whether the forward reaction is exothermic or endothermic
explain any disadvantages of a higher temperature using equilibrium concepts

explain any advantages of using a higher temperature for a reaction using collision theory
and rate of reaction principles. [ P
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Extra space if required.
Write the question number(s) if applicable.
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Grade
score

Marker commentary

One

E8

The candidate was awarded ES8 for the following reasons:

In part (a) the candidate incorrectly included H;O in the expression
(i), though provided a full description of the effect of temperature

on the forward and reverse reactions and explained the change in

K:linked to more products being produced (iii).

In part (b) correct value and [OH] was shown as well as a
justification of both properties (pH and conductivity).

Two

M6

The candidate was awarded M6 for the following reasons:

In part (a), the candidate identified that shell B was more
vulnerable and linked more exposed particles to the increase in the
frequency of successful collisions.

In part (b), the candidate drew a line showing a faster rate of
reaction, and related the alternative pathway to lower activation
energy, and the increase in the frequency of successful collisions
that are able to overcome activation energy.

In part (c), the candidate completed (i) correctly and the
equilibrium equation in part (ii), however the candidate has not
linked the degree of dissociation of two species to the amount of
[OH7]

To gain a higher grade, the candidate needed to either further
explain the successful collision to time/ frequency in part (a) and /
or include dissociation of CaCl, or full dissociation of Ca(OH); in
part (c).

Three

E8

The candidate was awarded ES8 for the following reasons:

In part (a), full explanation of equilibrium principles of pressure
increase, and moles of gas linked to equation, justifying favouring
production of PC1s.

In part (c), the candidate fully explained the forward reaction as
exothermic and included the balance of increased temperature
favouring the reverse reaction as a disadvantage.






