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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, (aq) + H,0"(aq) K,=430x107

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

E HC03'] % [“601]
ke = Mo

(ii) The value of the equilibrium constant is 4.30 x 1077,

Explain what this indicates about the ratio of products and reactants.
Thee are QUMGN cacrards 1n thw 2q)sedten.
m r‘-ﬂdxd-n‘s xT- M (%KSM\M‘{- P"DMB
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(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.
Whey o dm,.y, '] ‘.w.‘md on  a Systeen 10 equMorivn,
e Sugleen woill do e oppesik Jo countiact N charge
(Ce (halahie). tis means Jhat hen lenpabee 5 oddeq
b Yo sydom,  will fover Yo ondelemmic 4 becae
¢ absorks  heat &hmsﬂ&@ Becarse e
leme s g cp  ond Yo Loverd wasdhons ecoMermic,
e guwese ~cocten il b fisiad T sesni
Bk b bdank o %&m B ogh. o
e ol 4 dovn. ( (Zakis A prodock lo eadkank )

(b) (i) Calculate the pH of a 0.25 mol L:! solution of hydrochloric acid, HCI.
Kw = qpto"" = [HaKou] 10-1539> PH

1119:—“ e hvig > ?“"Qééz,.
e Pok = 13,39

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

\t

CHy0n o 7 1w (0"“2C0.%0121 = Con)
0.050\2 o] = 2 v 1™
Cw =L Wat3CoH)
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(iii) Compare the pH and conductivity of hydrochloric acid, HCI and carbonic acid, H,CO,.

Hydrochloric Acid, HCI | 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 conductivity of each solution (HCI and H,CO,).
The Segth of 0n acid s bawd on ik abiiy
Comngdhy dseciale nde H' Corsjogate bose % o-eidy
Conly dissccrake- Weak acids only  packialiy.
The 06 of Hol ' S5 lau leeu il Congletty  dizsociales
HA caq) 2> u?.va’mu BW eve oorens Shews thad
‘ C ardenic acid w a md st obout goes do Conplelien,
acid, WA veacs i bas < bighec Ol "
Hycos 4 ho == MOy i Ue! WMot all disgociales.
Condochioily 5 defied by o Qubshos ooy b oansle
Sedeos Lrom oo olaoe lo andlee Lu e i gucds aghl
CUARLEO gorkides.  HUL -7 becane # comflely  drsceiale
8 a 9”“ eondoshar. A gatolian, il Cordain o lovga nowho—
A ens. Cd-\.,.?,_a Qartde). U, o  will olse cordoed
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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.

Add" Co.fhonalc—"'q Sadr t+ wale 4+ Cabon Medde .

"“n«_ ol Vel Yo Mo dlssdub o‘£~'n¢$~,\\. neve Salk 1 K
M, and bulbes of (@3

(i) Cross-sectional views of two different pana shells are shown below.

Outer (surface) layer |
m Inner (shiny) layer [ |

Total Shell Area = 110 cm? Total Shell Area = 220 cm?
Piaua Shell A Paua 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. a
?0:0‘\ 8\1}\ B S ere olaredle b o on a.ca&'e«‘co&‘o»f\
becowe # comtang e Srfam arca. fis % coucd %
\wufs Yo Satt.  Gollirgn M lakes Hhot <tz de>

ol 2ty
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e S R R
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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.

7

without enzyme

Mass (g)

Time (months):

(ii) 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.

A Cayabyst = Blred ac M‘cﬁ“@&sa ey
Padhony Lor He readhory, by lowecng e aciiolion
a\w\% /Ael-vahon %K fe  maninom % ,«tw‘va\ﬁ(
eanim ek o ollodne  collistors will ccer  Cothvren

Yodes Yoo portida el colide it Sollicent gy ard
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(¢) Calcium hydroxide, Ca(OH),, calcium chloride, CaCl,, and calcium ethanoate, Ca(CH,COO0),,
are soluble calcium compounds.

(i)  Write an equation to show the complete dissociation of each of thése compounds in water.

Calcium hydroxide: Ca(—o“‘)z z‘f—?‘;—‘——‘ (e’ o 28

U‘lo 4 -
Calcium chloride:  Ca¢ly, —/———= Cu st 0l

e ar L
Calcium ethanoate: CaCli5C00), —=—= Ca” 41 72 Cl;(00

(ii) Calcium ethanoate will react further once dissolved.
Write an equation for the reaction of ethanoate, CH,COO".
Cl coo™ + U0 == Ci,co0n v ou”

(iii) The pH of 0.10 mol ! 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.

U dhnlon o an acid &§ ' a prelen donorl A bage—
s o' proben’ accephoc PU s baced on Ue concedretion
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on the next page.
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QUESTION THREE

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

(a)

PCl,(g) + Cl,(g) = PCly(g)
(i)  During the manufacturing process, some of the PCI 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.

When Pds ¢ vemoued, dhe %g\ew\ wil  ceocnbvact Yo

‘ o . [
AW‘ L‘-a]vn k »W qul“(\)ﬂml ba Mﬁjﬁ M
?r'oabo\‘s- % Meang 4‘\. reaclond cenrc. 0(,(5(‘ C\Q_ %_o
Soun wle Ol gous vp-
A Sos‘a“ n .eq'q;ubn“""\ wfﬂ der counlpmel ?W C}*v-’c_
on chushh‘gg Aawauc eppesite.

(i)) Explain why producing PCI; 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.

Gb M(’“'ni he Spslem Lo a Swaller vawel, Yoo ouc
'huca-a‘vﬁ A pressore, the ocans Mt a—Ewctior—aveige—
He Same concetabion ‘QWQ oe W a Swaller Space.
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(b) (i) The equilibrium expression for the reaction is shown below.

e
7 [pcz][Cl2]

Calculate the equilibrium constant at 300 °C if the concentrations are as follows:
[PCl,] = 0.016 mol L~
[CL,] = 0.021 mol L'
[PCIL] = 0.00013 mol L~!

K

Co-coeid]
[LOaonvos

ke = [6-elgdL0-02t]
e = B 3%3C 1)

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

PCly(g) + Cl,(g) = PC(g)
T8 oo oo de cone o U, Ao Syflenn rocll
Whechivhy Sy do* gt d ol b hy ccaliy meve Produc,
Toe wore Ao Po«w-) teackion X a-o-wa‘ and\

ko«h&di‘:w uj“s,ooe.
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(iii) The reaction is set up under new conditions, with different temperatures to favour the
production of phosphorus pentachloride, PCl;.

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
PCl,.

,Co“\%oﬁ > bedine Mo b mate. B8 ‘\(,3\\( "

T reaclank

'““3 feans *“\N‘ 1 = Wﬁf %?N*’dien aéPda

(iv) Calculate the concentration of PCl, under each of the new conditions listed in (iii).
Cendilien 4 .

Candi Rons L.
_ Leclsy L Ceelgl
bq. = Co-nito.cq) =

o Co,\SjEOUL]

uq x&.0168 = &6.922035¢) ady¥ e.ol% =Lduv \o‘..?olL'l
S ol (7}

Question Three continues
on the next page.
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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 °Cy.

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.

Becasse Mo predock wes Drvord when Yo b want doury
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Grade
score

Marker commentary

One

A4

The candidate was awarded A4 for the following reasons:

In part (a), the candidate included a correct A: expression and a
brief statement about the magnitude of Ac. They provided a
description of the effect of temperature on the forward and
reverse reactions and explained the change in A: linked to more
products being produced.

To gain a higher grade on this question, the responses needed to
have provided more accurate and detailed explanations,
particularly throughout part (b), where the candidate needed to
refer to H;O* not H*, include a correct / relevant equation, or link
their answer to concentration, and not just electrons, in the
definition of conductivity.

Two

M6

The candidate was awarded M6 for the following reasons:

In part (a), the candidate demonstrated understanding of the
observations of the effects of the ocean on the shells, and that
shell B is more vulnerable due to having a larger surface area. The
students has not linked this to the frequency of successful
collisions.

In part (b), the candidate showed a faster rate of reaction on the
graph and linked the catalyst providing the alternative pathway to
lowering activation energy requirement.

In part (c), the candidate incorrectly used equilibrium arrows in (i)
equations; wrote a correct equation for the reaction ethanoate;
and in (iii) the candidate has not linked the degree of dissociation
to any of the species.

To gain an E7, the candidate would need to include the extent of
dissociation for any species in (c) (iii) and link the concentration of
[OH] to the pH for the basic species.

Three

M6

The candidate was awarded M6 for the following reasons:
In part (a), the candidate answered all questions correctly.

Part (b) shows correct A:value (i) and explanation for why
Condition 1 is better (iii). Though the A:statement is incorrect (ii),
the candidate does identify forward is favoured. One condition is
correctly calculated in (iv).

In part (c), the candidate, explained how temperature affects rate
of reaction and that the forward reaction is exothermic so is
disfavoured by increasing temperature.




To gain an E7, the response would have needed to include more
detail on kinetic energy to clearly link frequency to successful
collisions in part (c); and included correct A: statements and / or
both correct condition calculations.






