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Q1.

This question is about ammonia and ammonium chloride.

(a) Ammonia is produced by reacting nitrogen and hydrogen as shown.
N2(g) + 3Hy(g) e 2NH;(9g)

(i) Write the expression for the equilibrium constant, K.

(ii) An equilibrium was established by mixing nitrogen and hydrogen in a 1 : 3 ratio by volume,
at a temperature of 450 °C and pressure of 200 atm.
The equilibrium mixture contained 28 % of ammonia by volume.

Complete the table.

Substance Mole fraction Partial pressure /atm
N
H,
NH, 0.28 56

(iii) Calculate the equilibrium constant.

Give your answer to an appropriate number of significant figures and include units, if required.

(iv) When the temperature was reduced to 400 °C at the same pressure, the equilibrium mixture
contained 36 % of ammonia.

Explain what can be deduced about this reaction from this information.

(b) Ammonium chloride can be produced by reacting ammonia with hydrogen chloride.
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Ammonium chloride is a white solid that is very soluble in water.

Hess's Law can be used to calculate the enthalpy of solution of ammonium chloride, using
hydration enthalpies and lattice energy.

(i) Complete the Hess cycle by filling in the empty box.

NHi(g) + Cl(g)

Lattice _
energy Anyat1
NH.Cl(s >
4Cl(s) A

(ii) Complete the expression for the enthalpy change of solution using the hydration enthalpies
and lattice energy.

AGH =

(iii) Calculate the enthalpy change of solution, using your expression in (b)(ii) and these data.
Enthalpy change of hydration of NH; = —307 k) mol™

Enthalpy change of hydration of CI~ = —378 k] mol™*!

Lattice energy of NH,CI = —705 k) mol™!

(iv) A student suggested that the enthalpy change of solution of ammonium bromide would be
of a similar magnitude to the enthalpy change of solution of ammonium chloride.

Comment on this suggestion in terms of the hydration enthalpies and lattice energies of these
two compounds.


https://stemup.co.uk

(c) Write an ionic equation to show why aqueous solutions of ammonium chloride are acidic.
State symbols are not required.

(Total for question = 17 marks)

Q2.
Ammonia is manufactured in the Haber Process.
N.(g) + 3H.(g) = 2NH.(qg)

In this process, pressures between 100 atm and 300 atm and temperatures between 675 K and
725 K are usually used.

(a) (i) Calculate ASf;mm for this reaction at 298K.
Include a sign and units with your answer.

[Standard molar entropy, 5%, for 1 mol of each gas, in J K" mol™':
N,=191.6 H,=130.6 NH,=192.3]

(i) Explain, using ideas about disorder, whether the sign of your answer to (a)(i) is as expected.

(iii) At 700K, the enthalpy change for this reaction is AH = —110.2 k) mol™.

Calculate the entropy change of the surroundings, ASqrroundings » @t 700 K. Include a sign and units
in your answer.
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(iv) At 700K, the total entropy change, AS;ys = —78.7 ) K ' mol™.

Calculate ASgystem for this reaction at 700 K. Include a sign and units in your answer.

*(v) Explain one advantage and one disadvantage of using a temperature higher than 700K in
the Haber process.

Consider the effect of an increase in temperature on the rate of reaction, on the values of
ASgrroundings and AS., and on the equilibrium constant.
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(b) (i) Write the expression for the equilibrium constant, K, , for the reaction in the Haber
Process.

N,(g) + 3H,(g) = 2NH.(g)

(ii) A mixture of nitrogen, hydrogen and ammonia is at equilibrium at 255 atm and 700 K. The
partial pressure of nitrogen is 25 atm and that of hydrogen is 150 atm.

Calculate the equilibrium constant, K, for the formation of ammonia, at 700 K. Include units in
your answer.

(iii) The pressure of the system is doubled at constant temperature.

Explain the effect of this on the yield of ammonia by considering the change in the K, expression
and hence the position of equilibrium.

(Total for question = 20 marks)

Q3.

Equal amounts of W and X are mixed and allowed to reach equilibrium.
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W+X=Y¥Y+7
The value of the equilibrium constant is K. = 4.85. At equilibrium, the mixture will contain
[0 A almostallYandZ
[l B almostall Wand X
[l € W, X, YandZbutthereislessY and Z than W and X

0 D W, X, Y and Z but there is more Y and Z than W and X

(Total for question = 1 mark)

Q4.

A student carried out an experiment to determine the equilibrium constant for the reaction to
form ethyl ethanoate from ethanol and ethanoic acid.

CHsCOOH + CHsCH;OH = CH;COOCH,CH; + H;0

Different amounts of each substance were added to conical flasks, each containing 2.0 cm? of
1.0 mol dm™3 hydrochloric acid.

Volume added / em®

Conical
flask HCl H,0 CH,COOH | CH,COOCH,CH,  CH,CH,OH
(ag) 1) 1) L) 1]
1 2.0 1.0 0 2.0 0
2 2.0 0 5.0 0 5.0
3 2.0 0 4.0 0 3.0
4 2.0 0 0 3.0 0

The flasks were then stoppered and left for a week to reach equilibrium.
Each mixture was then titrated with 1.0 mol dm™3 sodium hydroxide.

(@) In which flask(s) was the equilibrium approached from the right-hand side of the equation?

L1 A flask 1 only

1 B flask 4 only
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[0 € flasks 1 and 4 only
[0 D flasks 2 and 3 only

(b) Which of these statements explains why it is possible to titrate the reaction mixture directly
to find the equilibrium concentrations?

A the equilibrium reaction is slow
B the sodium hydroxide quickly hydrolyses the ester

all the reactant concentrations remain constant during the titration

O O O O
o)

D a buffer solution forms in the reaction

(Total for question = 2 marks)

Q5.

For each question, select one answer from A to D and put a cross in the box X. If you
change your mind about an answer, put a line through the box % and then mark your
new answer with a cross [X.

The reaction shown is at equilibrium. The forward reaction is endothermic.

C(s) + CO,(g) e 2CO(9)

(a) Which will increase when the temperature is lowered?

A the mole fraction of carbon dioxide

the partial pressure of carbon monoxide

O 0O 0O
W

C the rate of the backward reaction
[J D the value of K|, for the forward reaction

(b) At 680 °C and 1 atm, 52.6 % of the molecules in the gas mixture are carbon monoxide. What
is the partial pressure of carbon dioxide, in atmospheres?

L1 A 0.237
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1 B 0.263

[l C 0.474
[l D 0.526

(Total for question = 2 marks)
Q6.

For each question, select one answer from A to D and put a cross in the box X. If you
change your mind about an answer, put a line through the box % and then mark your
new answer with a cross [X.
The equation for the precipitation of lead(ll) chloride is shown.

Pb%*(aq) + 2Cl(ag) e PbCly(s)
What are the units of the equilibrium constant, K.?
0 A dm®mol™
O B dm®mol™?
O € mol®dm™
L]

D mol®Pdm™

(Total for question = 1 mark)

Q7.
Ethanol may be manufactured by the hydration of ethene.
CHig) + H.0(g) = CHsOH(g) AH® = -453 K mol™
(a) In a laboratory investigation of this reaction, 1.00 mol of ethene was mixed with 1.00 mol of

steam at 150 °C. At equilibrium, when the total pressure of the system was 50.0 atm, 0.450 mol
of ethanol had formed.
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(i) Give the expression for the equilibrium constant, K|, for the reaction.

(ii) Calculate the equilibrium constant, K, for the hydration of ethene at 150 °C.

Include units with your answer.

(b) The manufacture of ethanol is carried out at 230 °C and 70 atm; the overall conversion into
ethanol is 95 %.

Comment on these conditions in relation to their effect on the equilibrium and the overall yield of
ethanol.

(Total for question = 9 marks)

Q8.

Answer the questions with a cross in the boxes you think are correct [X. If you change
your mind about an answer, put a line through the box ¢ and then mark your new

answer with a cross X.
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The water gas reaction is used in the manufacture of hydrogen.

C(s) + H,0(g) e CO(g) + Hy(9) AH® = +131.2 k) mol™!

(a) What is the equilibrium constant, K., for this reaction?

[ A K =[CO]H,] 0 B K= [COllH,]
[C]
[COJH,] [COIMH, ]
D c Kc = D D KC =
[H,0] [H,0I1[C]

(b) What happens to the equilibrium constants of the forward and reverse reactions when the

temperature is increased?

K. of forward reaction K. of reverse reaction

(Total for question = 2 marks)

0 A increases increases
(1 B increases decreases
1 C decreases increases
1 D decreases decreases
Q9.

Answer the question with a cross in the box you think is correct X. If you change your
mind about an answer, put a line through the box 4 and then mark your new answer

with a cross X.

The equation for the equilibrium decomposition of hydrogen iodide into hydrogen and iodine can

be written in two ways.
2HI(g) = H.(g) + L(g) Equilibrium constant = K,
or

Hi(g) = YaH.(g) + :l.(g) Equilibrium constant = K/

What is the expression linking the two equilibrium constants?
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(Total for question = 1 mark)

Q10.

Esters are used in flavourings and perfumes.
They can be made by reactions involving alcohols.

(a) A flask containing a mixture of 0.200 mol of ethanoic acid and 0.150 mol of ethanol was left
at 25 °C, in the presence of a catalyst, until equilibrium had been established.

CH,COOH(l) + GHOH(l) = CH,COO0CH,(l) + H,O()

The ethanoic acid present in the equilibrium mixture required 34.8 cm? of a 2.50 mol dm™
solution of sodium hydroxide for complete neutralisation.

(i) Calculate the value of the equilibrium constant, K., for this reaction at 25 °C.

(ii) The enthalpy change for this reaction is small.

Explain, by reference to the type and number of bonds being broken and made, how this might
have been predicted.

(b) An ester which smells of raspberries can be formed by either of two different reactions.
Reaction 1

catalyst
HCOOH + (CH.),CHCH,OH = HCOOCH,CH(CH,), + H,0
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Reaction 2

HCOCl + (CH,),CHCH,OH — HCOOCH,CH(CH,), + HCl

(i) Name the carboxylic acid, alcohol and catalyst used in Reaction 1.

HCOOH catalyst . ...

(CH:);CHCH,OH

(ii) Explain one advantage and one disadvantage of using Reaction 2 rather than Reaction 1.

(Total for question = 12 marks)

Q11.
This question is about halides.

(a) Silicon tetrachloride, SiCl, , is used in the manufacture of optical fibres. It can be made by
the reaction of silicon carbide, SiC, with hydrogen chloride using a catalyst of nickel(ll) chloride.
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SiC(s) + 4HCl(g) — SiCls(l) + CHa(g) AH=-631.3kJmol

The standard molar entropies S, of the substances are shown in the table.

Substance SiC(s) HCl{g) SiCla(l) CHa(g)

5=/K " mol™ +16.5 +186.8 +239.7 +186.2

(i) Calculate the total entropy change, AS;.,, for this reaction, at 298 K, using the information
given.

Include a sign and units in your answer which should be given to an appropriate number of
significant figures.

(ii) In industry, the reaction is carried out at 700 °C.

By considering entropy and other relevant factors, justify the use of this temperature.

(iii) Use your answer from (a)(i) to calculate the equilibrium constant for the reaction at 298 K.

(b) The following data can be used in a Born-Haber cycle for calcium iodide, Cal,.
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Letter Energy change Value /kJmol™

A Enthalpy change of atomisation of calcium +178.2
B First ionisation energy of calcium +590
C Second ionisation energy of calcium +1145
D Enthalpy change of atomisation of iodine (V2L,(s) — Iig)) +106.8
E Electron affinity of iodine -295.4
F Lattice energy of calcium iodide -2074

(i) Complete the Born-Haber cycle by adding letters in the boxes for the energy changes,
relevant species on the blank lines and arrowheads to show the direction of each energy change.

Calg) + 2I(q)

D x2
Calg) + I:(g)
A
Ca(s) + I:(q)
Enthalpy change
of formation of
Caly(s) . calcium iodide

(ii) Use the data to calculate the value for the enthalpy change of formation of calcium iodide.

(iii) The value for the lattice energy of calcium iodide determined experimentally by using the
Born-Haber cycle differs significantly from the theoretical calculated value.

Explain why the Born-Haber and the theoretical values for the lattice energies are similar for
calcium fluoride but significantly different for calcium iodide.
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(c) The electron affinity of iodine is -295.4 k] mol™.

Explain how the electron affinity of chlorine differs from that of iodine.

(Total for question = 22 marks)

Mark Scheme

Q1.
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Question Answer Additional Guidance Mark
Number
(@)D (1
Kp = pNH Eicm- round or no brackets
Ny pH; Allow upper case
- Allow pp/PP
Allow
p(NH:)
pNH=n
etc
Ignore units even if incorrect
Do not award square brackets
Question Answer Additional Guidance Mark
Number
(a)(ii) (3)
e mole fraction of No (1) | Example of completed table
e mole fraction of Hy (1) Substance | Mole fraction Partial pressure/atm
» both partial pressures (1) N 018 36
H; 0.54 108
NH: 28 50
TE for M3 on calculated mole fractions multiplied by 200
Question Answer Additional Guidance Mark
Number
(a)(iii) | An answer that makes reference to the (3

following pomnts:

Example of calculation

(1) | 56+ (1083 = 36)

» correct use of & expression

+  correct answer and 1 or 2 SF

*  correct units

7 or 6.9 » 107%/0.00007 or 0.000069

Allow 3SF
6.92 = 1077 /0.0000692

Do not award 7.0 = 1073 / 0.000070

atm-2

Allow TE from (a)(1) and {a)(11)

If mole fractions are used for the
calculation max score 1 for the
cofrect answer and 1-3 SF

Correct answer with or without
working scores 3
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Question Answer Additional Guidance Mark
Number
(a)(iv) | An answer that makes reference to the Allow reverse argument (2)
following points:
+  the (forward) reaction 1s/ must be
exothermic (1)
Allow favours forward
reaction/shafts to the product side
+  (more ammomnia shows that) the
equilibrium has moved/shifted to the
right
Allow K increases/eqm constant
OR ) mcreases
(more ammonia shows that) a new &5
15 established which 1s larger Tenore just ‘more ammonia
produced” or “yield increases’
Question Answer Additional Guidance Mark
Number
(b)) 1)
» NH:"(aqg)+ Cl(aq) Do not award NHyCl (aq)
Do not award WHiCl(aq)
Do not award any other state symbols
Question Answer Additional Guidance Mark
Number
() (i) _ [0
o A H= ApaH—Lattice Energy | Allow LE for Lattice Energy
ar Allow A, H = — Lattice Energy + hydration enthalpies
A H = —Lattice Energy + Apy A | Allow A H = — Lattice Energy + hydration enthalpies
Allow A Huyg ete
Ignore standard signs
Question Answer Additional Guidance Mark
Number
(b)(iii) Example of calculation (4]
« enthalpy change of hydration (1) -307 +(—378) = —685 (kJ mol™")
of ammonium Allow (kJ mol”)
chlonide
(1) | 705+ (—685) = (+)20 (kJ mol™)
+ enthalpy change of solution
Allow TE on anithmetical errors
Do not award use of incorrect expression
Correct answer with or without working scores 2
Units are not required but 1f wrong penalise
only once.
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Question Answer Additional Guidance Mark
Number
(b)(iv) | An explanation that makes reference to three of (3)
the following points
M1 ﬂ.le brpmide (1om) 1s larger than the (1) | Allow bromine ion larger than the
chloride (1on) chlorine ion
Do not award larger atomic radius
And any 2 of the following
» M2 hydration enthalpy of the bromude (1) | Allow smaller/lower
10n less exothermuc/less negative (than Allow hydration enthalpy of
the chloride) bromine would be less
exothermic/less negative (than the
chlorine)
Allow hydration enthalpy of
ammonium bromide would be less
exothermic/less negative (than
ammonmum chloride)
» M3 lattice energy of ammonium (1) Allow smaller/lower
bronude would be less exothermic/less
negatrve (than ammomum chlonde)
* M4 the enthalpy of solutions depends (1) | Accept because we don’t kmow the
on the values of both hydration and magnitude of the reduction in
lattice energies (so the enthalpies of hydration and lattice energies it is
solution not possible to assess the overall
should be sinular) effect
Allow reverse arguments for MP1,
MP2 and MP3
Ignore any reference to reactivity,
polansation and charge density
Question Answer Additional Guidance Mark
Number
(<) 1)

NH: + H:0 —» NH; + H:O™

Ignore NH,C1

Do not award NH:C1

Do not award NH.Cl

Accept NHs™ —» NH: +H'

Allow eqm sign

»  NHy+CI0

Ignore NHiCl +aq —» NH: +CI

Ignore state symbols even 1if ncorrect

Do not award NH:Cl + aqg —* NH: + HCI

» NH; +HCI

» NH: +H +CI”

Do not award NH: + OH—» NH; + H:0
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Q2.

Question

= Answer Addirional guidance Mark
Number
(a)(i) Example of calculation (2)
+ Gives expression for
A5 e 1) ASPmem =(2x102.3)- 1916 - (3x 130.6)
» Calculation of value of =-198.8/-199 (7K' mol™)
A5 e 6y}

Ignore S except 1 SF but award —200 (2 SF)
Award —0.198.8 /—0.199 /—0.20 kJ K~! mol™ but units
must be given
Allow kI mol! K
Do not award incorrect units
Correct answer with no working scores (2)
A positive version of the acceptable answer scores (1)
—0.2 KT K mol™ scores (1)
Allow TE on an incorrect expression which contains either
(2x1923)0r (3 x 130.6)

Question - . .

Number Answer Additional guidance Mark

{a)(ii) | An explanation that makes reference to the (2)

following points:

(Yes because_...)

Allow just “entropy decreases™

 Disorder / number of ways of distributing | Do not award just *AS%ysen 1s negative’

energy quanta decreases (1)

« Asnumber of molecules / moles / particles | Allow 4 moles gives 2 moles / 4 molecules

(of gas) decreases (1)

gives 2 molecules
Do not award 2 molecules gives 1 molecule

Allow TE on positive result i (a)(i), but
must state answer is unexpected.

Ignore no changes of states

If (a)(1) is posifive and no statement about
expectation is made max (1)

Positive answer expected scores (0)
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Question

< | Answer Addirional guidance Mark
Number
{a){iii) Example of calculation: (2)
* Use of ASsmvundings = -AH/T | ASamomding = -(-110.2 x 1000) = 700
1)
» Calculates ASsuroundings = (+) 1574/ 157 K mol™)
(1)
OR
=(+)0.1574/0.157 kT K mol?
Allow TE on incorrect equation with recognisable error,
e.g. transfer error of value for AH or use of incorrect
temperature.
Do not award incorrect unifs
Ignore SF except 1 SF
Correct answer with no working scores (2)
Correct value with negative sign scores (1)
Q_Iuesnon Answer Additional guidance Mark
Number =
{a)(iv) Example of calculation iy

+ Finds ﬂSs}'s:an

I:M;ym:u = AStotal - ﬂSsu:mudemgs :]
=(-78.7 - 157.4))

= 236.1/-236 (T K mol™)
OR
= 02361 /-0.236 (kJ K mol™)

Allow -235.7 if ASauroundines = 137 J K mol™
238 7 if ASauoundings = 160 J K1 mol™!

TE from (a)(iii)

Ignore SF except 1 SF
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Question

Number

Answer

Addirional guidance

Mark

(a)(v)

This question assesses a student’s ability to show a
coherent and logically structured answer with
linkages and fully-sustained reasoning.

Marks are awarded for indicative content and for
how the answer is structured and shows lines of
reasoning.

The following table shows how the marks should be
awarded for indicative content.

Number of Number of marks
indicative marking | awarded for
points seen in mdicative marking
answer points
i 4
54 3
32 2
1 1
0 0

The following table shows how the marks should be
awarded for stmcture and lines of reasoning.

Guidance on how the mark scheme
should be applied:

The mark for indicative content should
be added to the mark for lines of
reasoning. For example. an answer
with five indicative marking points
that is partially structured with some
linkages and lines of reasoning scores
4 marks (3 marks for indicative
content and 1 mark for partial structure
and some linkages and lines of
reasoning).

If there are no linkages befween
points. the same five indicative
marking points would vield an overall
score of 3 marks (3 marks for
indicative content and no marks for
linkages).

In general it would be expected

that 5 or 6 indicative points would get
2 reasoning marks, and 3 or 4
mdicative points would get 1 mark
for reasoning. and 0. 1 or 2

indicative poimts would score zero
marks for reasoning.

(6)

If there 15 any incorrect Chemistry,
deduct mark(s) from the reasoning.
If no reasoning mark(s) awarded, do
not deduct mark(s).

Number of marks
awarded for structure
of answer and
sustained line of
TEASONING

Answer shows a coherent A

and logical structure with -

linkages and fully

sustained lines of

reasoning demonstrated

throughout.

Answer is partially 1

structured with some

linkages and lines of

Teasoning.

Answer has no linkages 0

between points and is

unstructured.

Indicative content

[ decreases / smaller

+ [ decreases

makes reaction less feasible

+ Rate of reaction i1s higher / faster
More ammonia produced in a given time
At higher temperature ASqr is less positive

ASior more negative / less positive
+« equilibrinm position moves further left / in

the endothermic direction / in reverse
direction / gives lower vield of ammomnia /

justification.
ALLOW —-AHT for ASam
Ignore decreases / smaller

ALLOW Kcor K

Ignore comments about ASsysrem

ALLOW reaches equilibrinm faster
Higher energy cost as an alternative
but not just higher cost without
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Question

Number Answer Additional guidance Mark
()@ , _. @
s Correct expression for Ky Ep= pp(NH3)®
pp(N2) pp(Ha)
Other formats are acceptable but must have a p or pp.
Accept capital P
Do not award use of square brackets, e.g. [N1]
I%SE:E‘T Answer Additional guidance Mark
(b)(ii) Example of calculation (3)
e (Calculates partial pressure of ppINH:z = (255 =25 -150) = 80 (atm)
ammonia (1)
e Calculates value of K (1) Kp=((80)%/ (25) (150)") = (7.5851852x 107)
=7.5852x 107
Ignore SF except 1 SF
TE on incorrect ppiNH; and on equation in (1)
s States units (1) atm™>
TE for units on incorrect equation in (1)
Q_IIIESTlD].l Answer Additional guidance Mark
Number
(b)(iii) An explanation that makes reference to the following (3)
points:
* (I;) remains the same (1)
Allow partial pressures of
» Fraction / quotient / Q / Q / apparent value of K denominator / N> and H, increases
decreases in value (when pressure increases) (1) more than the numerator / NH;
Ignore use of Le Chatelier’s
Principle
» 50 equilibrium shifts to right hand side (to return K | Must be lmkf'fi to Qp returning fo
to its original value / to keep K, constant) (1) the value of K not as a result of
Le Chatelier's Principle
Allow produces more ammonia
(50 K} 1s constant / returns to
original value)
Q3.
Question| Answer Mark
Number
1

A is incorrect as this requires in a very large value for Kc

The only correct answer is D (W, X, ¥ and Z but there is more ¥ and Z than W and X)

B is incorrect as this will result in a very small value for K., <1
Cis incorrect as this will result in a small value for K. <1
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Q4.

Q5.

Question | Answer Mark|
Number
(@ The only correct answer is C (flasks 1 and 4 onl 1
y Yy
A is incorrect as flask 4 also contains only substances from the right-hand side of the
equilibrium (HClfag) includes some water)
B is incorrect as flask 1 also contains only substances from the right-hand side of the
equilibrium
D is incorrect as flasks 2 and 3 do not contain any ester
Question | Answer Mark
Number
(b) The only correct answer is A (the equilibrium reaction is slow) 1
Bisincorrect as rapid hydrolysis would affect the position of the equilibrium
Cis incorrect as the acid is neutralized
D is incorrect as aithough a buffer may form it does not affect the position of the ester
equilibrivm
Question | Correct Answer Mark
Number
(a) The only correct answer is A (the mole fraction of carbon dioxide) (1)
B is incorrect because the equilibrium will move to the left hand side so
this will decrease
C is not correct because the rate of both reactions will decrease at lower
temperature
D is incorrect because the equilibrium will move to the left hand side so
this will decrease
Question | Correct Answer Mark
Number
(b) The only correct answer is C (0.474) (1)

A is incorrect because this answer divides the mole fraction of carbon
dioxide by 2

B is incorrect because this answer divides the mole fraction of carbon
monoxide by 2

D is incorrect because this is the partial pressure of carbon monoxide
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Q6.

Q7.

Question | Correct Answer Mark
Number
The only correct answer is A (dm® mol-3) (1)
B is incorrect because the units of concentration should be raised to the
power of -3 not -2
C is incorrect because the units should be the reciprocal of concentration
raised to the power of -3 not -2
D is incorrect because the units should be the reciprocal of concentration
raised to the power of -3 not -2
Question | Answer Additional guidance Mark
number
i 1
ajl
@@ . K= p(CoH: OH) _
p(CH,) % p(H.0) Allow p_.etc; upper case P/ pp

Do not award square brackets
Do not award omission of “p’

Ignore correct state symbols
Ienore onussion of times sign
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Question | Answer Additional guidance Mark
number
{(a)(i1) Example of calculation 5
CoHs H:0 C:Hs0H
Tmitial mol 1.00 1.00 0
calculation of Equil™ mol 0.53 0.55 0.45
moles at . 0.55 0.55 045
equilibrium Mole Fraction TEE= 0.3548 TEE T 0.2003
1) Partial Pressure 50x0.55 50x 0.55 50 x0.45
. 1.55 1.55 1.55
calculation of || Partial Pressure |5 7, 17.742 14.516
mole fractions values
at equilibrium
- _ 14516
@ K= 17.7428
=0.046116 /46116 x 107 atm™

* calculation of | TE on expression in (a)(i) and at each stage
partial . -
pressures at Ignore SF except 1 SF
equilibrium Cormrect answer with some working scores (3)
1)

* substitution of
values mto
equation
(1)

* calculation of
K, and units of
atm™
1)

Question | Answer Additional guidance Mark
number
(b) An answer that makes reference to the Allow reverse arguments 3

following

* lugh pressure favours the formation of
ethanol

and
because 2 mol (of gas) form 1 mol

(D

* lugh temperature lowers the formation

of ethanol

and

becanse the (forward) reaction is
exothermic (1)

* high temperature is needed because
otherwise the rate of reaction is too
slow

Or
unconverted reactants can be recycled
to increase the overall yvield

(1

Accept increases vield (of ethanol)
Allow reaction shifts to the right

Allow fewer moles on RHS

Do not award change 1n pressure
changes Kp

Accept decreases yield (of ethanol)
Allow reaction shafis to the left

Accepts because the back reaction 1s
endothermic

M1 & M2 both first statements
without explanation scores 1 out of
2

Ignore just “increasing / high
femperature mcreases rate’
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Q8.

QO.

Q1l0.

Question | Answer Mark
number
(a) 3 1)
| . [co][H;]
The only correct answeris C | K, = ————
[H20]
A
A is incorrect because the concentration of steam has been omitted
B is incorrect because the concentration of steam has been omitted and carbon is not in the
gas phase
D is incorrect because carbon is not in the gas phase
Question | Answer Mark
number
() . Cm @
The only correct answer is B (increases, decreases)
A is incorrect because the reverse reaction is exothermic so K, decreases
C s incorrect because the forward reaction is endothermic so K. increases and the reverse
reaciion is exothermic so K- decreases
D is incorrect because the forward reaction is endothermic so K increases
Question Answer Mark
Number
(1)

The only correct answer is A ( K, = (X))
B is incorrect because this is not frue as K must be squared
C is incorrect because this is not frue as K. must be squared not multiplied by 2

D is incorrect because this is not true as K must be squared not square rooted
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Question Answer Additional Guidance Mark
Number
(a)(@) Example calculation (4)

calculates moles of
acid present in the
mixture

calculates moles of
ester and water
present in the
mixture

calculates moles of
ethanol present in
the mixture

expression for K.
and final answer

(1)

(1)

(1)

(1)

mol of acid = mol of NaOH = 34.8
x 2.50 = 0.087 (mol)
1000

mol of ester = mol of water = 0.2
- 0.087 = 0.113(mol)

mol of ethanol = 0.150 - 0.113 =
0.037

If the expression for Kc is
incorrect, e.g. no water, allow TE
on M1-3 for example not
calculating moles of water as well
as ester

Ke= 0.113/V x 0113V = 3.9668/
4.0 (no units)
0087 x 0.037V

OR

K. = [CH.COOC-H:][H.O] = 3.9668

[ 4.0 and statement that
[CH2COOH][C2H:0OH]

volumes cancel

Do not penalise lack of square
brackets in equilibrium expression

Assumption that 0.087 is moles of
acid used gives moles ethanol =
0.063 moles ester = water =
0.087

Kc = 1.0632 scores max (3)

Calculation of acid moles at
equilibrium larger than acid moles
at the start can score M4 only

If no other mark is scored Award
(1) for calculation of 0.087(mol)
however it is used, Ignore SF
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Question
Number

Answer

Additional Guidance

Mark

(a)(ii)

An answer that makes reference
to the following points:

same type of / similar
bonds being broken and
made

same number of each
type of bond being broken
and made

(1)

(1)

Allow O-H and C-0 bonds
being broken and made
Allow the same bond
being broken and made
Allow C-OH

Ignore C-0-H and COH
Ignore CO without the
bond shown

Award 2 marks for a
complete list of the bonds
being broken and made
e.q.

Bonds broken and made
arel xC-Oand 1 xO-H
scores 2

Allow ester link as C-0

If no other mark is scored
award 1 mark for 1 O-H
bond is broken and made
Or

1 C-0 bond is broken and
made

If no other mark is scored
allow the energy required
to break the bonds is
similar to the energy

released making the
bonds for (1)

(2)

Question
Number

Answer

Additional Guidance

Mark

(b)(¥)

« methanoic acid

« (concentrated) sulfuric acid

« 2-methylpropan-1-ol

H2S0a4 / HCI
Ignore H*

words

Do not award 2-
methylpropanol

All three correct scores (2)
Any two correct scores (1)

Allow hydrochloric acid /

Ignore (aq) after formulae
Ignore hydrogen chloride in

Allow methylpropan-1-ol
Allow 2-methyl-1-propanol
Allow methyl-1-propanol

(2)
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» no heat required / works at
room temperature

» 50 reduces energy cost

or
+ no catalyst required

+ reducing product purification
costs / making purification
easier / no need to recover
catalyst

ar
= reaction is not an equilibrium /
reaction goes to completion

« so produces a higher yield

Any one disadvantage:
+ hydrogen chloride produced is
acidic / corrosive

* Corrosion resistant
plant/equipment required (which
is more expensive)

or
s+ HCl is toxic

+ use a fume cupboard / clean
exhaust gases / capture the gas
(for sale)

(1)
(1)

(1)

(1)

(1)
(1)

(1)

(1)

(1)

(1)

» Accept the
reaction is (much)
faster

* 50 N0 energy
required

Ignore just lower cost

Ignore more product
Allow reactants are not
wasted

Ignore reference to atom
economy

Question Answer Additional Guidance Mark
Number
(b)(ii) | Any one advantage: (4)

Q11.



https://stemup.co.uk

Question
Number

Acceptable Answers

Additional Guidance

Mark

(a)(i)

M1 Expression for ASsysem (1)

M2 Value for ASsystem (1)

M3 Expression for ASsumeundings (1)

M4 Value for ASguroundings (1)

Example of calculation:
(186.2 + 239.7) — (16.5 + (4 x 186.8))

—337.8 (J K 'mal™)

ASsurmoundings = -AH = — (-631.3 x 103] /298
T

= {+) 21185 (J K 'mal™y / (+)2.1185 (kJ K

mol™)

M5 Value for ASwmto 2 or 3 SF and
units (1)
= (+)1780.7

(=21185+ (- 337.8)

= (+)1780/ (+)1800 J K" mol™

(+)1.78/ (+)1.80 kJ K ' mol™

Allow TE at each stage

Correct answer with no working scores &
(+)2340 J K 'mol scores 4 (1 x 186.8)

{+) 2460 J K" mol " scores 3 (react-prod)

Question
NMumber

Acceptable Answers

Additional Guidance

Mark

(a)(ii)

An answer that makes reference to:

positive
! lower ﬂ.SEgurmunuingg I[ﬂ.sByls.lem is relatively
unaffected by temperature) (1)

reaction less feasible /reduces yield (1)

COMMENT:

feasible.

+ Ahighertemperature would resultin a less

* S0 ASia is less positive [ lower, which makes

For M1 and M2 allow correct calculation of
ASigtal (at 973K) >0 to show that the reaction is

« put high temperature is used to increase rate (1)

Ignore references to
Le Chatelier for M1 and M2.

Allow A higher temperature
would result in a an
insignificant change in
ASsurmundings as its value is so
large (ASsy=sem is relatively
unaffected by temperature)

50 ASi IS unchanged (in sign),
which means feasibility of
reaction is unchanged Ignore
less easily / readily

Standalone mark

Question
NMumber

Acceptable Answers

Additional Guidance

Mark

(a)(iii)

Fecall of expressionfor K (1)
Fearrangement of expression and
calculation of In Kand value for K (1)

Allow TE from (a)(i) but no TE if
incorrect expression given in M1.

Example of calculation:
ASwo = RIn K

In K= ASwptzl /R = 1780.7 [ 8.31
=214.1998

1.15440 x 10%
Allow any answer between 1.06 x 1 0%
1.18 x 10

Ignore any units; Ignore SF
Correct answer with no working scores 2

an

d
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Question Acceptable Answers Additional Guidance Mark
Number
(b)(i) Arrows upwards for first and second ionisation Only penalise lack of arrow 3
energies for calcium and correct labels, B andC in |©nce in M1 and
boxes (1) M2.
Downward arrows for electron affinity and lattice
enthalpy and correct labels E x 2 and Fin boxes (1)
Correctspeciesincluding state symbols on If electrons are included,

horizontallines (1)

Ca®"{g)+ Ig) + (263

[

B
Calg) + 2lig)
(] I x1
Cafg) + Li{g)
l -
A
Cafs) + Lxig)
Enthalpy of formation
~ of catcium jodide
Cals(s) Y

Ca* (@) + 207 g

they must be correct but
allow e for e”

Evaluation (1)

Example of calculation:
[(178.2 + 590 + 1145+ (106.8 x 2) — (295.4 x 2)] — 2074
= —538 (kJ mol)

If E ¥ 2 penalised in b(i), allow use of 1 X 2954 as TE. In
this case only -242_6(kJ mol") scores 2

However, if E x 2 not penalised in b(i) then penalise
failure to multiply by 2 once only inb(ii)

-349.4(kJ mol™) scores 1 (misses both x 2)

-242 6(kJ mol™) scores 1 (misses 2 x 205 4)
-644.8 (kJ mol') scores 1 (misses 2 x 106.8)
+538 (kJ mol™) scores 1 (expression wrong way
round) ignore SF except 1 SF

Question |Acceptable Answers Additional Guidance Mark
Number
(b)) Caorrect expression (1) 2
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Question |Acceptable Answers Additional Guidance Marks
Number
(bXii)) | Bonding in calcium fluoride is (virtually) 100% ionic (1) 4

Whereas bonding in calcium iodide has a degree of
covalency /somecovalentcharacter (1)

Then any 2 from these 3 marking points

The calcium ionis polarizing (1)

The fluoride (ion) is small so not easily polarised / electron
cloud not sceasily distorted (1)

the iodide (ion) is larger and so is easily polarised / electron
cloud iseasily distorted (1)

Allow lodide / I'has some
covalent character

Penalise the use of
fluorine and iodine once
only

M1 More exothermic / more negative / greater

in magnitude (1)

M2 As (the atomic radius of) chlorine is smaller /
less shielding between nucleus and electron (to
be gained) / chlorine has fewer shells (of
electrons) (1)

M3 Stronger attraction (between nucleus and
electron to be gained) (1)

‘more energy released’

Do not award chloride for chlorine

Allow chlorine is more electronegative
than iodine

Allow reverse argumentfor
M2 and M3

Question |Acceptable Answers Additional Guidance Mark
Number
(c) Ignore larger / less / higher Allow 3
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Q1.
Answer the question with a cross in the box you think is correct X . If you change
your mind about an answer, put a line through the box & and then mark your new
answer with a cross X .
The total entropy change, AS,., , of a reaction at 298 K is —85.0 ] K™* mol™™.
What is the value of the equilibrium constant for this reaction at 298 K?
[R =8.31) mol™* K]
O A 3.61x107
B 9.07 x 107"

|
O € 9.66 x 1071
O

D 2.77 x 10%

(Total for question = 1 mark)

Q2.
Calcium oxide is manufactured by heating limestone at 1000 °C for 30 minutes.
The equation for the reaction is:

CaCOs(s) = CaO(s) + CO.(g) AH = +178kI mol™

(a) The numerical value of the equilibrium constant for this reaction is increased by:

A allowing the carbon dioxide to escape
increasing the heating time

C increasing the temperature

O O O O
W

D reducing the pressure

(b) Which is the correct expression for the equilibrium constant, K., for this reaction?
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—

O B K=
O ¢ K- [CaCO,]
[Ca0][CO, ]
0 D K-= [Ca0][CO,]
[CaCO,]
(Total for question = 2 marks)
Q3.

For each question, select one answer from A to D and put a cross in the box . If you
change your mind about an answer, put a line through the box # and then mark your
new answer with a cross X.

At 25 °C, the pH of pure water is 7.00 and at 100 °C, the pH of pure water is 6.14. What can be
deduced from this information?

Enthalpy change of

) i Concentration of hydrogen ions
dissociation of water ydrog

O A endothermic higher at 100°C than at 25°C
LI B endothermic lower at 100°C than at 25°C
1 C exothermic higher at 100°C than at 25°C
0 D exothermic lower at 100°C than at 25°C
(Total for question = 1 mark)
Q4.

lodine was dissolved in an organic solvent, trichloromethane, and the resulting solution added to
an equal volume of deionised water. The mixture was then shaken, producing two immiscible
solutions: iodine in water and iodine in trichloromethane.
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At equilibrium, the equation for the reaction can be written as:

L(trichloromethane) = I.(aq)

(a) What is the expression for this equilibrium constant, K.?

[1,(trichloromethane)]

0 A K=
[1,(aq)]

OB K= (1,(aq))

o (I, (trichloromethane))

Oc k= L@
L (trichloromethane)

[1,(aq)]

1 D K=
[1,(trichloromethane)]

(b) Which statement describes what is happening at equilibrium?

[l A iodine molecules move from the water to the trichloromethane layer only
L1 B iodine molecules move from the trichloromethane to the water layer only

[0 € iodine molecules move from the water to the trichloromethane and from the
trichloromethane to the water layer.

[0 D thereis no movement of individual iodine molecules

(Total for question = 2 marks)

Q5.

The reversible reaction between hydrogen chloride and oxygen produces water vapour and
chlorine.

4HCl(g) + O,(g) = 2H,0(g) + 2Cl,(g) AH =-114 kJ mol™

(a) Explain what effect, if any, each of the following changes has on the yield of chlorine at
equilibrium and on the equilibrium constant, K, .

(i) Anincrease in the total pressure
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(b) 0.850 mol of hydrogen chloride was mixed with 0.600 mol of oxygen and allowed to reach
equilibrium in a closed flask.
At equilibrium the total pressure was 1.50 atm and there was 0.250 mol of chlorine in the flask.

4HCl(g) + O,(g) = 2H,0(g) +2CL(g)

(i) Complete the table.
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Initial amount Equilibrium amount Mole fraction

Substance / mol / mol at equilibrium
HCL 0.850
0, 0.600
H,O 0
cl, 0 0.250 0.189

Total moles at equilibrium =

(i) Write the expression for the equilibrium constant, Kj, .

(iii) Use your answers to (b)(i) and (b)(ii) to calculate the value for K. Give your answer to an
appropriate number of significant figures, and include units.

(iv) Use your answer to (b)(iii) to calculate a value for the total entropy change of the reaction,
AStotal-

(c) Draw a sketch of entropy against temperature for water to illustrate the entropy changes as
temperature increases, including when water changes state.

A scale is not required for the vertical axis

Entropy

| | I | 1
0 100 200 300 400 500

Temperature / K
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(Total for question = 19 marks)

Q6.
This question is about sulfuric acid and its salts.
(a) The manufacture of sulfuric acid involves the equilibrium
250,(g) + O,(g) = 250s(9) AH = =197 kJ mol™

(i) A catalyst of vanadium(V) oxide is used in this reaction.

State the effect, if any, of the catalyst on the value of the equilibrium constant, K .

(ii) The temperature used for this reaction in industry is 700 K.

Explain, in terms of the equilibrium constant and the equilibrium position, the effect of an
increase in temperature on the equilibrium yield of sulfur trioxide.

(iii) Write the expression for the equilibrium constant, K, , for this equilibrium. State symbols are
not required.

(iv) A mixture of 2.00 mol of sulfur dioxide and 1.00 mol of oxygen is allowed to reach
equilibrium at 5.00 atm pressure.
1.60 mol of sulfur trioxide is formed.

Calculate the value of K,,.
Include units and give your answer to an appropriate number of significant figures.
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(b) Sulfur trioxide is used to produce sulfuric acid.

(i) Commercial concentrated sulfuric acid contains 98.5 % H,S0, and 1.5 % water by mass.

The density of concentrated sulfuric acid is 1800 g dm™.

Calculate the concentration of this sulfuric acid in mol dm™3.

(ii) The pH of a 0.10 mol dm™2 solution of sulfuric acid at 25 °C is 0.97.

3

Calculate the concentration of hydrogen ions, in mol dm™2, in this solution.

(iii) In an aqueous solution of sulfuric acid, the following equilibria exist.

H,SO,(ag) + H,Ol) = H,0%(aq) + HSO.(aq) K, very large
HSO3(aq) + H,O(l) = H;0*(ag) + SO; (aq) K,=0.012moldm™

Explain, in terms of these equilibria, why the concentration of hydrogen ions in a 0.10 mol dm™

solution of sulfuric acid is not 0.20 mol dm™. No calculation is required.

(c) A buffer solution is made from HS0: and SO jons.

(i) Write two ionic equations involving H50s and SO:™ jons to show how this solution acts as a

buffer.
State symbols are not required.

(i) A buffer solution is formed by mixing

25.0 cm? of a solution that is 0.150 mol dm™ with respect to SO:™ jons with
75.0 cm? of a solution that is 0.100 mol dm™ with respect to HSO; jons.

Calculate the pH of this buffer solution.

[K, for HSOX jons = 0.012 mol dm™3]
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Q7.

(Total for question = 20 marks)

The equation for the formation of ammonia in the Haber Process is shown

¥2N,(g)

+ 1%H.(g)

= NH,(g)

(a) At 298 K the standard entropy change of the system, ASSu., =-98JK ' mol™

Calculate the standard entropy of one mole of ammonia.

Use the value of ASSiem and the data in the table.

Substance | Standard molar entropy, $=/JK ' mol™

N,

H.

192

131

(b) The value of the total entropy change, AS;.,, varies with temperature.

Data for the value of AS,, at different temperatures but at standard pressure of 100 kPa are

given for this reaction.

Temperature / K
250
375
500
625

750

1/T/K
4,00 x 107
2.67 x 107
2.00 x 107
1.60 % 10~

1.33x 107

Plot a graph of AS,.:,; against 1/T on the grid.

Include a line of best fit.

AS 1o / KJ K 'mol™
8.27 x 107
2.25 x 107

-0.764 x 10
~2.57 x 107

-3.77 x 10
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(2)

0.10

0.08

0.06

0.04

A5
/KK "'mol™

0.02

uT
4
35 0.004 00045 'K

-0.02

-0.06

(c) The relationship between AS;., and 1/T can be found by combining the two equations:
ASiotal = ASsurroundings T ASsystem

and ASgyrroundings = ~AH/T

to give

ASiotar = -AH/T + ASgystem

(i) Determine the gradient of the line plotted in (b), including units in your answer.

(1)

STEMUP.CO.UK
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(ii) Identify the thermodynamic quantity that can be obtained from this gradient.

(iii) Determine the temperature at which the reaction ceases to be thermodynamically feasible
at a pressure of 100 kPa.

(d) The industrial synthesis of ammonia
¥“aNy(g) + 1%H.(g) = NH:lg)

is carried out at pressures of about 20 000 kPa and temperatures between 700K and 750K.
These temperatures are higher than the answer to (c)(iii).

(i) State the relationship between the total entropy, AS;.:,, and the equilibrium constant, K.

(ii) Calculate the value of the equilibrium constant K at 750K.

[ASioa @t 750K = -37.7 ) Kt mol™]

(iii) Explain why AS,, decreases with an increase in temperature.

(iv) State how the Haber Process is made economically feasible at 750 K even though the total
entropy change is negative.
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(e) Ammonia from the Haber Process reacts with acids.

With phosphoric acid, H;PO,, a number of products are formed in solution.
One of these is the fertiliser diammonium hydrogenphosphate.

(i) Write an equation for the production of this fertiliser.

State symbols are not required.

(ii) Write an ionic equation to show that ammonium ions are acidic in agueous solution.

State symbols are not required.

(iii) A solution containing both ammonia and ammonium ions acts as a buffer.

Explain, using a relevant ionic equation, the effect of adding a small amount of acid to this
buffer.

(Total for question = 20 marks)
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Q8.
This question is about the thermodynamics of the reaction:

N,O,(g) — 2NO,(qg) AH = 4572 kJmol™.

Standard molar entropy Standard molar enthalpy

Compound = = - of formation at 298K, Colour
at 298K, 5= /JK ' mol AH= [ kJ mol”
NO, +240.0 +33.2 brown
N,O, +304.2 colourless

(a) Calculate the entropy change for the reaction, using the information in the table.

Include a sign and units in your answer.

(b) Calculate the enthalpy change of formation, AH, of N,O, (g) at 298 K, using the information
in the table and the enthalpy change of the reaction.

Include a sign and units in your answer.

(c) Calculate the entropy change of the surroundings, ASgroundings: at 298 K.

Give your answer to an appropriate number of significant figures.
Include a sign and units in your answer.

(d) (i) Use your answers to parts (a) and (c) to calculate the total entropy change, AS;,, for
this reaction at 298 K.

(ii) This reaction can also be written as an equilibrium:
N,O.(g) = 2NO.(g)

Calculate the temperature at which AS,,, is zero for this equilibrium.

(e) (i) Write the expression for the equilibrium constant, K, for this reaction, including the units,
if any.

(ii) In an experiment, 10 mol of N,O,(g) was placed in a closed container at 50 °C. At
equilibrium, 27% of the N,0O4(g) had dissociated, and the pressure in the container was 4.0 atm.
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Calculate the value of K, at 50 °C.

(iii) The total pressure is doubled to 8.0 atm.

State the effect on K.

(iv) The total pressure is doubled to 8.0 atm at constant temperature.

Explain the change in the percentage dissociation of N,O,(g) by considering the effect on the
partial pressures of NO,(g) and N,0,(Qg).

(Total for question = 20 marks)

Mark Scheme

Q1.
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Question Answer Mark
Number )
The only correct answer is A (3.61x107) (1)
B is not correct because R and ASiwal are the wrong way up
C is not correct because the femperature should not be included
D is not correct because the negative sign for ASiswml has been omitted
Q2.
Question | Answer Mark
number
(a) C  increase the temperature 1
Question | Answer Mark
number
(b) A [CO] 1
Q3.
Question | Correct Answer Mark
Number
The only correct answer is A (the dissociation of water is endothermic, | (1)
so the concentration of hydrogen ions is higher at 100°C than it is at
25°C)
B is incorrect because at higher temperatures more hydrogen ions are
present
C is incorrect because the dissociation of water is endothermic
D is incorrect because the dissociation of water is endothermic
Q4.
Question | Answer Mark
number
(a) 1

B [T,(aq]]
" [L(trichloromethane)]

c
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Q5.

Question | Answer Mark
number
(b) C  iodine molecules move from the water to the trichloromethane and from the 1
trichloromethane to the water layer
Q Acceptable Answers Additional Guidance Mark
(a)li) When the pressure is Marking points are independent 3
increased
s equilibrium moves to RHS and Allow ‘backward reaction favoured
yield (of chlorine) increases (1) | so yield (of chlorine) increases’
s as fewer gas molecules If numbers are given they must be
onthe RHS (5:4) (1) correct
+ Kp remains constant (1) Allow ‘change in pressure has no
effect on value for ki’
Q Acceptable Answers Additional Guidance Mark
(a)(ii) When the temperature increases | Marking points are independent | 2
¢ equilibrium moves to LHS as Allow reaction moves in
(forward) reaction is exothermic endothermic direction
(1)
¢ Kpdecreases and so yield
(of chlorine) decreases (1)
Q Acceptable Answers Additional Guidance | Mark
(a)(iii) When a catalyst is used 2

+ rate of backward and forward reactions

increases by same amount

* 50 Kp and yield (of chlorine) is unchanged (1)

(1)
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Q

Acceptable Answers

Additional
Guidance

Mark

(b)(i)

Substance | Initial amount Equilibrium | Mole fraction at
/ mol amount / mol equilibrium
HCI 0.350 0.26415
02 0.475 0.35849
Hz0 0.250 0.18868
Clz

Total moles at equilibrium = 1.325

All values correct scores (3)

M1 1 correct equilibrium amount (1)

M2 other 2 correct equilibrium

amounts (1)

M3 Consequential total moles

and mol fraction (1)

For mole fractions
allow

e.g. 0.35001.325

allow correct
rounding

lgnore SF
except 1 SF

Q

Acceptable Answers

Additional Guidance

Mark

(b)(ii)

Ko = p(H20)* p(Cl2)* op(HCI)* p(O2)

Ignore parentheses

Do not award square brackets
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Q

Acceptable Answers

Additional Guidance

Mark

(b)(iii)

s mole fractions

converted to partial
pressure (1)

s final value for
Ky given to 2 or 35F

(1)

e correct units given (1)

Example of calculation

allow TE from 20b(i)

substance pp
HCI 0.39623
Oz 0.53774
H20 0.28302
Clz 0.28302

Allow e_g. for pp(HCI) ; 0.26415x 1.5

(0.28302)2(0.28302)2

(0.39623)%0.53770)

= (0.43407 (Note =0.48408 if no rounding)
=0.48/0.484
No TE for M2 for incorrect expression

Check final answer if close, and allow if correct
rounding used in working

atm-?
allow TE for M3 from incorrect expression in (b)(ii)

Q Acceptable Answers Additional Guidance Mark
(b)(iv) 2
¢ recall of expression for ASital AStotal = R INK
(1)
o calculation of ASiotal =831x-0726
(1) =—6.033 (J K-"mol")

(iii)

expression

Ignore SF except 1 SF

NOTE AStota = = 6.0289 if no
rounding from (b){iii)

from biii)

Allow TE / rounded value from

Mo TE for M2 from incorrect

Ignore units even if incorrect

AStotar = = 6.0993 if 0.48 used
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Q | Acceptable Answers Additional guidance Mark
(c) _ 3
* general shaF}e of increase | Allow horizontal sections allowed between phase
ALLOW straight line
« two vertical stages for
melting and boiling (1)
* include the use of 273K for| M3 is independent of M2, providing a line is drawn
melting and 373K for
boiling temperature either
by labelling or position Example of graph
onxaxs (1) ]
|
e ’ Miwm
e — -FJ.'P](
(Total for Question = 19 marks)
Q6.
Question Answer Additional Guidance Mark
Number
(@)  no effect / none / I @
IlOI']J.‘i.Tlg no Chﬂ.ﬂgf.‘ gnotre references‘ fo rate
Question Answer Additional Guidance Mark
Number
(a)(11) An explanation that makes (2)

reference to the following points:

* (equilibrium) yield
(of sulfur trioxide /
503/ product) decreases

* the equilibrium constant /
K,/ K./ K decreases (as
temperature increases) (1)
and
because the (forward / right)
reaction 1s exothermic /
releases heat (energy) / AH
1s negative (1)

Allow less sulfur trioxide / SO3 / product forms
Ignore equilibrium position shifts to the left
Ignore more reactants formed

Allow the equalibrium constant / Ep / Ke / K
decreases (as temperature increases) and because
the reverse / backward / left reaction 1s endothermic
/ absorbs heat (energy)

Allow K decreases because ASaumoundings | AStotal
decreases / becomes less positive (as temperature
mncreases and assunming ASqytem 15 constant )

Ignore reference to rate
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Question Answer Additional Guidance Mark
Number
(a)(iii) Example of expression for K- (1
® expression for Kp K= gﬁSQSEgJJ*
p(502(g))” (x) p(O2(g))
Allow P/ PP / pp etc for partial pressure and thas
can be mside the brackets
Allow e.g. p*SO3
Ignore missing (g) / brackets around formulae
Do not award square brackets
Question Do Additional Guidance Mark
Numbher
(a)(iv) Example of calculation: (4)

* calculation
of eqm moles

(1

* calculation or
expressions for
3 partial
pressures (]}

* substitution of
values mnto Ky

expression (1)

¢ calculation of Kp
and
answerto 2/ 3 SF
amd
units (1)

S Oz S50
Imitial mol 2.00 1.00 -
Eqm mol 200-160 1.00-0280 1.60
=0.40 =0.20

Total mol at 040+020+160=22

eqm

Partial pressure 0.40 x 5.00 0.20x 5.00 1.60x 5.00

fatm 2.2 220 220

= 090909 = 045435 =3 6364
TE for partial pressures on eqm moles
K= 3.6364°
0.90909° x 0.45455

= 352/35atm™
TE on expression for Kp mn (a)(i11)

Allow answer from previous correct rounding to 2 or more SF e g 0,91
0.45 and 3.6 gives 34.8
Penalise incorrect rounding once only e.g. 0.909 t0 0.9

Allow fractions in working but not i final answer

Allow atm™ for units but do not allow any other units
Allow correct umts written m (a)(11) 1f not written here

Correct answer to 2 or 3 SF with units and no working scores (4)
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Question Answer Additional Guidance Mark
Number
(h)(i) Example of calculation: (2)
mass of H28041n 1 dm” concentrated acid
s calculation of mass =0985x 1800=1773 (g)
of H2S0: in 1 dm® (1) _ .
e calculation of concentration of acid = 1773
concentration of (2x1.0)+321+(4x16.0)
acid (1) =18.073/18.07/18.1/ 18 (mol dm™)
TE on mass of H28Osin 1 dm’
Allow 98 for molar mass of H2S04 giving 18.092 /
18.09 /18.1 /18 (mol dm™)
Correct answer to 3 or more SF with no working
scores (2)
Do not award (2) for 18 unless 0.985 has been used
in calculation
Question Answer Additional Guidance Mark
Answer
Number
(b)(a1) o calculation of Example of calculation: (1)
[H(ag)]/ [H:0"(aq)] [H (aq)] / [H:0™(ag)] = 10
=0.10715/0.1072/0.107 / 0.11 (mol dm™)
Ignore SF except 1 5F
Ignore incorrect units
Cormrect answer with no working scores (1)
Do not award 0.1 /0.10/0.214
Question Answer Additional Guidance Mark
Number
(h)(1i1) An explanation that Allow [H™(aq)] for [H:O (aq)] (2)

makes reference
to the following pomts:

First equilibrium
¢ the first iomisation of
sulfuric acid 1s complete

or
the equilibrium position of
the first equation lies
very far to the nght (])
Second equilibrinm
¢ so [H:Oaq)] (from
the second equilibrium)
1s very small (1)

Ignore missing staie symbols

Allow high [H30™(aq)] from first equilibrium
Allow acid fully dissociates in first
equilibrivm

Ignore just acid fully dissociates

Allow second equilibrium shifts to the left
Allow second dissociation 1s suppressed /
further dissociation 1s prevented
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o HSO4 + OH — SO + H20

Allow = provided equations written in
directions shown

Ignore state symbols even 1f mcorrect

Penalise non-ionic equations once only e.g. using
HCl and NaOH

Allow HSOs~ — SOs& + HT
() |andH" + OH — H20

Question Answer Additional Guidance Mark
Number
(c)(i) Allow equations 1 either order (2)

calculation of the
concentration of
SO+ ions (1)

calculation of the

: concentration of

HSO4 1ons (1)

expression for K

(1

re-arrangement of expression
and
calculation of [H'] (1)

calculation of pH (1)

[S0+7]=25.0 x0.150 x 1000
1000 100
=0.0375 (meol dm™)
Allow mol $04*~ = 0.00375/3.75 x 10~ (mol)

[HSO4]=75.0x0.100x 1000
1000 100
=0.075 (meol dm™)
Allow mol HSO4 =0.0075 / 7.5 x 107 (mol)
Do not award this mark 1f subtraction then done

K. =[HT[SO+] /0.012 =[H'] x 0.0375
[HSO47] 0073
Allow mol substituted into correct expression

[H]=KJ[HSO4] =0.012x0.075
[SO47] 0.0375

=0.024 (mol dm™)
TE on expression. [SOs ] and [HSO47] or mol

pH =—log[H"] =—log 0.024
=16198/1620/162/16
TE on [H7]

Ignore SF except 1 SF
Correct answer without working scores (3)

Allow alternative methods

) for M1
¢ 5047 + H — HSO4
or
S04 + HiO® — HSOs + H0
(n

Question Answer Additional Guidance Mark
Number
(c)(i) Example of calculation: (5)

Q7.
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Question Answer Additional Guidance Mark
Number
(a) (2)

states or uses eguation

calculate S, oduces

(1)

(1)

a4 —
AS system = Scp'mucls — Sfreactants

980 = Sosuas— ((0.5x
192) + (1.5 x 131))

S%roduces = 292.5 — 98

S roducs = (+)1945;" 195
(J K mol?)

If units are given they
must be correct

Allow TE on incorrect

e
“} reactants

Comment

Correct answer with no
working scores (2)
S®produs = ©3.5 scores
max (1)

S%oroduces = 225 scores max

(1)
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to the following points:

uses the line or points
from the data to calculate
the gradient and units

Gradient = 8.27 x 107% - -
0.76 x 10°®
4.00 x 1073 -
2.00 x 103
= 45.15 kJ mol*?

Allow an answer between
42.0 - 48.0
Ignore SF except 1 SF

Question Answer Additional Guidance Mark
Number
(b) (2)
* 5 points
plotted on (1)
the graph to
within one
square (1)
« straight line
of best fit
passing
through all
points
01
0.08
0.06
0.04
0.02
0
0 0.0p0S 0.001 0.00I5 002 00025 0003 D4
-0.02
-0.04
-0.06
Question Answer Additional Guidance Mark
Number
(c)(i) | An answer that makes reference Example of calculation (1)
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Question Answer Additional Guidance Mark
Number
(c)(ii) | An answer that makes reference (1)

to the

following points:

enthalpy change of
reaction / A-H (of the
Haber process)

Allow -AH

Allow enthalpy change / AH

/ —AH

Question Answer Additional Guidance Mark
Number
(c)(iii) | An answer that makes reference (1)
to the following points:
« value of T found either by 460 (K)
reading from the graph the
value of T when AS = 0 Allow an answer between
440 - 480
or
by calculation = answerto (c
a8
= 45150 = 460.71/
460 (K)
98
Or
= -—answer to (b)
-98
= -45150 = 460.71/
460 (K)
-98
ALLOW TE on graph or on
answer to (c)(i)
Question Answer Additional Guidance Mark
Number
(d)(i) (1)
« total entropy, AS = RIn K
or
InKk =AS /R
or
AS
K=e £
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Question
Number

Answer

Additional Guidance

Mark

(d)(ii)

calculation of In K

evaluation of K

(1)
(1)

Example of calculation
—-37.7=831xInK

In K = —4.5367

K =0.01071/1.071 x 10"

2

Final answer with no
working scores (2)

Allow TE on M1 to M2
Mo TE on incorrect
expression

Ignore units
Ignore SF except 1 SF

(2)

Question
Number

Answer

Additional Guidance

Mark

(d)(iii)

to the

Either

Or

An answer that makes reference

following points:

(ASyy decreases because)
A8 yztem (and AH) do naot
change with temperature
(significantly)

therefore ASsumoundings Must
decrease (so that (ASkm
decreases)

this is because AS:umoundings
= —AHIT

(so as T increases —AHT
becomes less positive
because AH is exothermic)

the reaction is exothermic
and

s0 increasing temperature
shits the equilibrium to the left
/ towards the reactants

the value of K decreases

because ASiua IS proportional
toK/ St = R In
K the value of ASuwa
decreases

(1)
Allow more negative /
(1) | less positive
(1)
(1) | Accept the backward
reaction is favoured
(1)
(1)

(3)
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Question
Number

Answer

Additional Guidance

Mark

(d)(iv)

overall conversion to
ammaonia is increased by
recycling unused
reactants

Allow remove the ammonia
from the equilibrium / as it
is formed

Ignore references to
catalysts, temperature and
pressure

(1)

Question
Number

Answer

Additional Guidance

Mark

(e)(i)

 formula of diammonium
hydrogenphosphate

» balanced equation

(1)
(1)

(NH.):HPO,

2NH: + Hi:POs —

(NHz)2HPO:
Allow multiples
Allow ions for the
product

Allow for M2

NH; + H;PO; —
(NH)H2PO.
Allow ions for the
product

Mo other TE

Ignore state symbols
even if incorrect

(2)

Question
Number

Answer

Additional Guidance

Mark

(e)(ii)

« NHif = NH; + H*
OR

« NHi + H:0 = NH3 +
Hs0*

Allow — instead of =
Do not award reactions
reversed

Allow
NH; + OH
H-0

Allow =

NH: +

instead of —

incorrect

Ignore state symbols even if

(1)
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Question Answer Additional Guidance Mark
Number
(e)(iii) | An answer that makes Do not award incorrect formulae such as (3)
reference to the following NH3™ in M1 and M2 but allow TE in M3
points: Ignore comments about acid / base in
relation to NH3 / NH: unless defined
« the mixture contains
a large amount/
(large) reservoir
of both ammonium
ions and ammonia
/ of NHi and NHz (1)
Either
« added H* reacts with ammonia| Allow — instead of =
to form ammeonium ions / Allow Hz0"
H* + NH; = NHZ
Or
» added H® combines with OH™
ions in water to form water /
H* + OH™ - Hz0
And
ammeonia reacts with water Allow — instead of =
to produce OH— ions / ) ] ) ]
NHs + H:0 = NHI + OH- Thls_mqumg point must include at least
one ionic equation
(1)
e ratio of ammonium ions Allow remains constant
to ammonia hardly (1) ) _
changes Allow pH is unchanged / changes very little
because added H* removed and change in
concentration of NH; and NHj is small
Q8.
Question | Answer Additional guidance Mark
number
(a) Example of calculation: 2
* useof "j‘ss)'stem = ﬂsprnducts _"lsrea.ctaru {1) "j‘ssysten1= |:2 = 2400) -304.2
« correct value with sign and units (1) = +175.8 J K" mol™
Correct answer with no working
scores 2
Allow 3 SF
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Question | Answer Additional guidance Mark
number
(b) Example of calculation: 2
« useof AH=2 = AH(NO,)-AH(IN,0,) (1) | AH=(2x33.2)- AH(N,0,) =
h7.2
« correct value with sign and units (1) | AH(1,0,) = +9.2 kJ mol’
Correct answer with no working
scores 2
Question | Answer Additional guidance Mark
number
(c) Example of calculation: 3
o use of AS, inging: = “AH/T (1) | -(57.2 = 1000/298)
* correct value (1) | = (-)191.(946)
» answer to 3 SF with correct sign and (1) ] -192 J K" mol™
correct units
Allow -0.192 kJ K" mol™ for M2
and M3
Correct answer to 3 SF with no
working
scores 3
Question | Answer Additional guidance Mark
number
{d)(i) * ASia = ASocem + ASroundings Allow TE from 23a and 23c 1
o AS_. =+175.8+(-191.9) = -16(.1) (Jmol™ | Allow answers in kJ mol™ K*
K™
Question | Answer Additional guidance Mark
number
(d)(ii) Example of expression and calculation: 2
= correct expression (1) | AH=TAS,__..,
or T=AH/AS, ..,
or AS, e = AH/T
or ‘ﬁswtal = é‘Ss:.rs:em + ":"Ssurrnundings =0
= correct evaluation (1) | T=57.2 x 1000/175.8 = 325.37
=325 K/52°C
Question | Answer Additional guidance Mark
number
(e)(i) * correct expression for K, (1) | K, = (Puo,)*/ Pro, 2
Do not award any square
brackets
* _units of pressure (1) | atm
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Question | Answer Additional guidance Mark
number
(e)(ii) Example of calculation: 4
« moles of N,0, and MO, at eqm (1) | (mol)1,0, =7.3, (mol)N0, = 5.4.
+ total number of moles and mole (1) | Total rnoLe:s =12.7
fractions calculated Mole fraction M,0, = 0.575
tole fraction MO, = 0.425
Allow TE from M1
» converted to partial pressure (1) | PN,0, = 2.30 (answers to M2 = 4)
HO, =1.70
Allow TE from M2
« calculation of K, (1) | K, =1.26 (atm)
Allow TE from M3
Ignore SF except 1 SF
Question | Answer Additional guidance Mark
number
(e)(iii) | no effect on (the value of) K, 1
Question | Answer Additional guidance Mark
number
{e){iv) |« double pressure (effect of squaring ) (1 3

increases numerator more than
denominator

(but K, must remain constant
therefore) mole fraction of M,0, must

increase (relative to mole fraction of
HO,)

(therefore) % dissociation of M,0,
decreases

(M

(1)
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