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Q1.

Which of these changes has the largest increase in the entropy of the system?
[0 A H,0(s) - H,0()

O B Hg() - Hg(g)

[0 € H,O(l) + HCI(g) - H30™(aq) + Cl(aq)

L

D C(graphite) » C(diamond)

(Total for question = 1 mark)

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 675K and
725K are usually used.

(a) (i) Calculate L\.Sﬁmm for this reaction at 298 K.
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]

(ii) 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, ASgroundings » @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.
This question is about some compounds of bromine.

(a) Potassium bromate(V) decomposes to form potassium bromide and oxygen.
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2KBrOs(s) — 2KBr(s) + 30.(qg) AH® =-67.2klmol™

The standard molar entropies of these substances are given in the table.

Substance KBrOj(s) KBr(s) 0O.(g)
S®/JK "'mol™" 149.2 059 205.0

Calculate the total entropy change, AS,.,, for this reaction at 298 K.

(b) Bromide ions react with bromate(V) ions in acidic solution.

5Br(aq) + BrO:(aq) + 6H*(aq) — 3Bri(ag) + 3H,0(l)
Two experiments are carried out.
(i) Experiment 1

The concentration of Br™ ions is determined at different times.
The concentrations of BrO: jons and H* ions are in large excess and effectively constant.

The graph of concentration of Br™ ions against time is shown.
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Determine the order of the reaction with respect to bromide ions.
Show your working on the graph.

(ii) Experiment 2
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The initial concentrations of BrO: ions and H* ions are changed and the initial rate of reaction is

determined.
The initial concentration of Br™ ions is constant and in large excess.

Run [Brfi);[.'au::ﬂ_l]3 [H"(aq)]_3 Initial nﬁne_1
/moldm /moldm /moldm™s
1 0.1 0.1 36x 107
2 0.2 0.1 72%107
3 0.3 0.2 43x 107"

Determine the order of reaction with respect to BrO; jons and to H™ ions.

You must explain your working.

(iii) Give the overall rate equation for this reaction.
Include the units for the rate constant.

(c) The rate constant for the reaction between bromoalkane and cyanide ions is determined at
five different temperatures.

The results are given in the table.
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300 333x107° 3.72x 107 -10.20
310 3.23x107° 1.34x 107" -8.92
320 3.13x107° 548 x 107 -7.51
330 3.03x10° 201x10° -6.21
340 293x 1077 723 %107 -493

Plot a graph of In k against 1/T and use it to determine the activation energy, E, .
Include the sign and units of the gradient and the activation energy.
(7)

The Arrhenius equation can be expressed as
E
Ink=-— x 1 + constant
R T

[R =8.31) mol ' K]
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(Total for question = 20 marks)

Q4.

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 decomposition of calcium carbonate is an important reaction in the manufacture of cement.
CaCO5(s) = CaO(s) + CO,(g) AH® = 4178 k) mol™?!

What are the signs of the entropy change of the system, AS, em, and of the entropy change of
the surroundings, ASqrroundings?

Sign of &Ssmm Sign of ASumoundings
Ll A positive positive
1 B positive negative
0 C negative positive
0 D negative negative
(Total for question = 1 mark)
Q5.

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 entropy change of the surroundings, ASqroundings: @and the entropy change of the system,
AS stem » for four different reactions are given.
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&ssurrou ndings ﬁswst@m

Reaction /JK" mol” /JK " mol™
P +245 +34
Q +350 276
R 482 +65
s 563 128

Which of these is thermodynamically feasible?
[l A reaction P only

[0 B reactions P and Q only

[0 € reaction R only
L]

D reactions R and S only

(Total for question = 1 mark)

Q6.

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 .

The equation for an exothermic reaction is shown.
Mg(s) + 2HCl(ag) — MgCl,(aq) + H.(g)
Which of these is true?

L1 A AHis positive

[1 B ASmoundings IS POSitive

[0 € ASuen is negative
D

] AS;qa IS Negative

Use this space for any rough working. Anything you write in this space will gain no
credit.

(Total for question = 1 mark)
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Q7.

Barium oxide is an ionic compound that reacts with water to form barium hydroxide.

(a) A Born-Haber cycle for barium oxide, BaO, is shown.

Some of the detail is missing. The letters R, W and Z represent some missing information.

Ba™(g) +R

Ba’*(g) Olg) 2 EA (O7(g))

AW

AxH(O,
(©:(g) Ba®(g) O"(g)

Ba**(g) ¥20,(q)

LE(BaO(s))
2" IE (Bal(g))

Ba'(g) ¥20s(qg)

1" IE (Ba(g))
Ba(g) + ¥20.(g)

AxH (Ba(s))
Ba(s) + ¥20,(qg)

AZ

BaO(s) v

(i) Identify the missing detail represented by the following letters.

(ii) Use the following data to calculate a value for the quantity AZ shown on the Born-Haber
cycle.

Include a sign and units in your answer.
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Energy quantity Enthalpy change / kJ mol™

Enthalpy change of atomisation of barium, A H(Ba(s)) +180.0
Enthalpy change of atomisation of oxygen, A H (%20,(g)) +249.2
First ionisation energy of barium, Ist IE (Ba(g)) +503.0
Second ionisation energy of barium, 2nd IE (Ba(g)) +965.0
AW -141.1

Second electron affinity of oxygen, 2nd EA (O7(g)) +798.0
Lattice energy barium oxide, A H(BaO(s)) -3054.0

(iii) The table gives some information about the lattice energies of barium oxide and magnesium
iodide and shows the % difference between the theoretical and experimental values.

Lattice energy / k) mol™

Experimental Theoretical % difference
BaO(s) —-3054 -3029 0.8
Mgl,(s) -2327 -1944 16.5

Explain why there is closer agreement for barium oxide than for magnesium iodide.

(b) The table gives some information about Group 2 ions, M?*, and their hydroxides.

Formia o Laleomne1®Y s rkamor! | SO an sy o
Mg(OH); -3000 +150 20%10° Mg** ~1930
Ca(OH); -2640 +140 16x 10" Ca™* -1580
Sr(OH); -2475 +105 33x<10° Sr** -1450

Ba(OH); -2230 24 10° Ba™ -1360
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(i) Calculate the enthalpy change of solution, A,,H, of Ba(OH), using a fully-labelled Hess's
cycle.

[The hydration enthalpy of the hydroxide ion, OH™ = -460 k] mol™.]

(i) Explain why strontium hydroxide is slightly soluble in water, even though the enthalpy
change of solution is endothermic.

(Total for question = 14 marks)

Q8.

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 .

Which of these gases would have the greatest standard molar entropy?

A NH;
0 B H,
[l € N,
O b so,

(Total for question = 1 mark)
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Q9.
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.

SiC(s) + 4HCl(g) — SiCls(l) + CHa(g) AH=-6313kJmol

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.
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(b) The following data can be used in a Born-Haber cycle for calcium iodide, Cal,.

Letter Energy change Value /kJ mol™
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 (V2I,(s) — I(g)) +106.8
E Electron affinity of iodine -2954
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) + 21(q)

D x2
Calg) + Llg)
A
Ca(s) + I:(g)
Enthalpy change
of formation of
Cals(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)

Q1o0.
This question is about oxides of iron.
(a) The equation for the reduction of iron(lll) oxide by carbon is shown.

Fe,0s(s) + 3C(s) —» 2Fe(s) + 3CO(g)
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Some data relating to this reaction are shown.

Substance Fe,0, C Fe co
AH® /K mol™ -824.2 0 0 -1105
S®/ K "'mol™ 87.4 5.7 27.3 197.6

(i) Calculate the standard enthalpy change, AH® for the reduction of iron(lll) oxide by carbon.

(ii) Calculate the entropy change, ASgstem, for this reaction.

(iii) Calculate the temperature at which this reaction becomes feasible, using your answers from
(a)(i) and (a)(ii).

(b) The equation for the reduction of iron(lll) oxide by carbon monoxide is shown.

Fe,O3(s) + 3CO(g) - 2Fe(s) + 3CO,(q) AH® = -24.8 k) mol™
The entropy change, ASSuem for this reaction is +15.2 ) mol ™t K™%,

(i) Explain why the reaction should be feasible at any temperature.

(ii) Explain how an increase in temperature would affect AS&a total of this reaction. No
calculation is required.
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(c) lron also forms iron(ll) oxide. The data in the table can be used to construct a Born-Haber
cycle for iron(ll) oxide, FeO.

Letter Enthalpy change / I:;ﬂ:;"

A Enthalpy change of atomisation of iron +416

B First ionisation energy of iron +759
C Second ionisation energy of iron

D Enthalpy change of formation of iron(ll) oxide =272

E First electron affinity of oxygen -141

F Second electron affinity of oxygen +798
G Lattice energy of iron(ll) oxide —3920
H Enthalpy change of atomisation of oxygen (120,(g) — Ol(g)) +249

(i) Complete the Born-Haber cycle by putting letters in the boxes to label the energy changes.

(3)
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Fe*'(g) + O*(g)
3

Fe™(g) + Olg)

Fe’(g) + %0,(g) Fe™(g) + O(g)

Fe'(g) + :0,(g)

A

Fe(g) + %0,(qg)

Fe(s) + '%0.(q)

FeQl(s) W

(ii) Calculate the value for second ionisation energy of iron, C.

(iii) Suggest why the second electron affinity of oxygen is positive.

(Total for question = 20 marks)
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Mark Scheme

Q1.

Q2.

Question | Answer Mark|
Number
The only correct answer is B (Hg(l) — Hag(qg)) 1
Aisincorrect as theincrease in disorder from (s) to (1) is less than that from {I) to (g)
Cisincorrect as there is a decrease in disorder as the gaseous ion is hydrated
D is incorrect as there is no significant change in number of particles or state.
Q_IIIESIID].I Answer Additional guidance Mark
Number
(a)(i) Example of calculation (2)

+ (Gives expression for
A5 1)

+ Calculation of value of
A5 e @

ASmpaen = (2x192.3)- 1916 - (3x 130.6)

=_198.8 /199 (TK ' mol™)

Ignore SF except 1 SF but award —200 (2 5F)

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 x130.6)
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Question
Number

Answer

Addirional guidance

Mark

(a)(ii)

An explanation that makes reference to the
following points:

(Yes because. )

* Disorder / number of ways of distribufing
energy quanta decreases (1)

*  As number of molecules / moles / particles
(of gas) decreases (1)

Allow just “entropy decreases™
Do not award just “AS%ysem is negative’

Allow 4 moles gives 2 moles / 4 molecules
gives 2 molecules
Do not award 2 molecules gives 1 molecule

Allow TE on positive result in (a)(1). but
must state answer is unexpected.

Ignore no changes of states

If (a)(1) is positive and no statement about
expectafion 1s made max (1)

Positive answer expected scores (0)

e

Question

Number e

Additional guidance

Mark

(a) i)

* Use of ASarrounding: = -AH/T
(D

s Calculates ASwumoundings

1)

Example of calculation:

ASamomaing = -{(-110.2 x 1000) = 700

=(+)157.4/157 (T K mol™)
OR

=(+)0.1574/ 0.157 kJ 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 units

Igznore SF except 1 SF

Correct answer with no working scores (2)

Correct value with negative sign scores (1)

(2)

Question

Number ST

Additional guidance

Mark

(a)(iv)

+ Finds ﬂSsys‘.a:l

OR

Ignore SF ex

Example of calculation

l:ﬂSE-)-'s.he:u = AStotal - ASsuroundings j

(-78.7 - 157.4))

236.1 /236 (T K! mol™)

-0.2361/-0.236 (kI K mol ™)

Allow -235.7 if ASeurroundines = 157 T K mol?
-238? lf .&Ssu:ou_‘n,dmgs = 16{] J K_l 11101'1

TE from (a)(iii)

cept 1 SF

(1)
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Question

Number

Answer

Additional guidance

Mark

(a)(¥)

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 indicative marking
answer points
G 4
-4 3
32 2
1 1
0 0

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

Guidance on how the mark scheme
shonld 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 1s 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
indicative pomts would get 1 mark
for reasoning, and 0. 1 or 2

indicative pomts would score zero
marks for reasoning.

(6)

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

Answer shows a coherent
and logical structure with
linkages and fully
sustained lines of
reasoning demonstrated
throughout.

2

Answer is partially
structured with some
linkages and lines of
Teasoning.

Answer has no linkages
between points and is
unstructured.

Indicative content

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

[ decreases / smaller

ASior more negative / less positive

+ [ decreases

+« equilibrinm position moves further left / in

the endothermic direction / in reverse
direction / gives lower vield of ammomnia /
makes reaction less feasible

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

Ignore comments about ASsysrem

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

ALLOW —-AH/T for ASax
Ignore decreases / smaller

ALLOW Kcor K
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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]
QUES“M Answer Additional guidance Mark
Number =
(b)(ii) Example of calculation (3)

e (Calculates partial pressure of
ammonia (1)

* Calculates value of K (1)

s States units (1)

=75852x 107

Ignore SF except 1 SF

=
atm -

ppNH: = (255 -25 —150) = 80 (atm)

Ko =((80)/ (25) (150)%) = (7.5851852 x 107)

TE on incorrect ppiNH; and on equation in (1)

TE for units on incorrect equation in (1)

Q3.

Question
Number

Answer

Additional guidance

Mark

(b)iii)

An explanation that makes reference to the following
points:

* (I;) remains the same (1)

* Fraction / quotient / Q@ / Qp / apparent value of &£,
decreases in value (when pressure increases) (1)

* 50 equilibrium shifts to right hand side (to refum £
to its original value / to keep K, constant) (1)

Allow partial pressures of
denominator / Na and H: increases
more than the numerator / NHs
Ignore use of Le Chatelier’s
Principle

Must be linked to Qp returning to
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)

(3)
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Question An: Additional Guidance Mark
Number
(a) Example of calculation: (5)
& substitution of values ASeystern = (2 x 939+ (3 x 20500 - (2x 149.2)
into expression for Allow 191 8+6150—-2984 /8068 —298 4
ASzystem (1)
¢ calculation of AS:ystem = (+)508.4 (J K mol™)
ASsystem (1)
¢ substitution of values ASsunoundings =~ (£67.2)
INfo eXpression for 208
ﬂS:»muundir.g: (]}
e caleulation of ASsunoundings = (+)0.2255 (kJ K™ mol™)
ASsmoundings (1) or (+)2255(] K1 m-::l_l)
e caleulation of AStwl= 508.4 +225.5 = (+)733.9 (T K mol™)
AStert (1) or (+)0.7339 (kT K™ mol™)
TE on calculated values for ASsystem and ASmoundings
Do not award ASsstem added to ASamounding: 1 different
umts e.g. 308.4 + 0.2255 =508.6235
Ignore SF except 1 SF
Units are not needed.
Units in any order e.g. J mol™ K}
Penalise incorrect / mcomplete umits in ASian but allow:
eg. J/ mol/ K or J/mol K
mol” and K~ in otherwise correct units
Correct answer with no working scores ()
Question Answel Additional Guidance Mark
Number
(b)) Example of half-lives: (3)

iy
I\
11
|

* working for at least

one half-life shown on
graph (1)

¢  values of two half-lives

(1)

o first order
and
because the half-lives are

constant / the same /

similar (1)

half-lives may be written or clearly shown on graph
first half-life = 200 s and

second half-life=200s+20 s

Allow 2°2 half-life = 400 — 200 =200 s

Stand alone mark

Do not award zero order / second order
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Question Answer Additional Guidance Mark
Number
(b)(ii) | An explanation that makes In M1 and M2, the working may be shown in the table | (3)

reference to the following Allow mmplied muns e g as [BrO37] doubles (and [H7]

points: 1s constant), the rate doubles

¢ first order with respect
to BrOs™ 1ons
and
because in runs 1 and 2 as
[Br(0:7] doubles (and
[H'] is constant) the
rate doubles (1)

e inruns 1 and 3. as [BrOs7] BA_llc-;.-' cErrecr alternative explanations using runs 2 and

- : and others e g
tr%ples rate should 9 [BrOs7] triplef[H"] doubles and rate x 12
triple (to 1.08 x 107) and D o .
A o not award just [H™] doubles and rate x 4 with no

[H ].also doubles and mention of bromate ions
rate mcreases by a factor of 4
(1)

® 5o reaction is second order .
with respect to H™ 1ons (1) Stand alone mark

Question Additional Guidance Mark
Number Answer
(b)(iix) rate = k[Br (aq)][BrOs (aq) [[H (aq)] (2

* rate equation

(1

¢ umts of k

(1)

TE on orders in (a){1) and (i1)
Ignore missing state symbols
Br™ included or omutted

dm® mol™ 57}

Allow these m any order

Allow dm® mol™ s~

TE on rate equation

Allow species in any order / R for rate / K for k

If no order given m (a)(1). allow rate equation with
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Question Answer Additional Guidance Mark
Number
(c) Example of graph- (7)
Example of gradient:
-0 8—(—583) =-1316TK
33x107°-30x107°
Question Answer Additional Guidance Marld
Number
(c) ® axes correct way around | Points / line must cover at least half the grid in both directions

and
sutable scale

(1

® both axes labelled
and
umits for x axis

(1)

¢ all points plotted correctly
and
best-fit straight line (1)

¢ calculation of gradient

0y

¢ sign and units of gradient

(1

¢ calculation of activation
ENergy

(1

* sign and corresponding
units
of activation energy

(1

In & values must become more negative down the axis with

negative signs shown
Allow horizontal axis shown at bottom of graph

v axis: In k with no units on y axis and
x axis: 0.0033 etc with (/'T) /K!

or 3.3 etc with (1I/T) / 107 K™}

or 3.3 x 107 etc with (1/T) / K™

or 3.3 etc with (I/T) x 10* /K™
Brackets are not needed around 1/T

Allow = ¥ square
Allow line covering points provided 1t 1s straight
Ignore extrapolation in either direction

This may be shown on the graph

Allow gradient in the range (—)12800 to (—)13800
Allow gradient calculated from data m the table
If gradient not evaluated. allow correct working
Negative sign and units K

Allow /K™ for units

Allow —12 8 to —13.8 kK for M4 and M5

Ea=13167x831/1000 =109 418
Expected range 106 to 113

or 13167 x 831 =109418%

TE on gradient

+109.418 kJ mol™ or +109418 T mol™

Allow kJ mol™ or ] mol™

Ignore missing + but do not award — sign
Penalise 1 SF for gradient and E; value once only
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Q4.

Q5.

Q6.

Q7.

The only correct answer is B (ASwumounding: is positive)
A is incorrect because AH is negative for an exothermic reaction
C is incorrect becanse ASzysem is positive as a gas is being formed

D is incorrect because as both ASpzem and ASaproundings are positive 50 ASwrarwill be
pasitive

Question | Answer Mark
number
The only correct answer is B (positive, negative) @)
A is incorrect because endothermic reactions have negative AScuroundimg:
C @5 incorrect because when there are more gas molecules in the products than the
reactants ASqpuem i5 positive and endothermic reactions have negative ASpmromgings
D is incorrect because when there are more gas molecules in the products than the
reactants ASquem 15 positive
Question Answer Mark
Numbher
The only correct answer is B (reactions P and Q only) (1)
A is not correct because both reactions P and Q have a positive value for ASiowal
C 15 not correct because reaction R has a negative value for ASwral so is not feasible
D is not correct because both reactions R and § have a negative value for ASiwal
so are not feasible
Question Answer Mark
Number
(1)
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Question| Answer Additional guidance Mark
number
@ ] 2
» R=0%(g) (M
« W = first electron affinity O(g) (1) | Allow alternative ways to
express electron affinity, e.g.
EA
State required
Do not allow O,/0
Question | Answer Additional guidance Mark
number
(a)(ii) Example of calculation: 3
» correct application of cycle (1) | AH (BaO(s)) = A H(Ba(s))+A, H(¥20,(2))+
I** IE (Ba)(g)
+2" IE (Ba(g))+2" EA (0(g))+1* EA (0(g))
+4,H (BaO(s))
or
Correct numbers
= 180.0+249.2+503+965+798-141.1-3054
» correct value (1) | (-)499.9/(-)500 (kJ mol™”)
» correct sign and units (1) | Allow TE from incorrect application
of cycle
Allow TE for incorrect numbers
Correct answer with no working scores 3
Question | Answer Additional guidance Mark
number
(a)(iii) |« ionic radius of Ba® >> ionic radius of (1) | Allow reverse argument 3

Mg**/(have) lower charge density
and

Ba*" (ions are) less polarising/(have)
lower charge density

+ jodideions/T are large
and their electron clouds are easily
distorted/polarised (by Group 2
cations)
or
oxide ions/0* are small(er)

and their electron clouds are less easily

distorted/polarised

« more distortion/covalency leads to

greater difference between theoretical

and experimental values

(1

(1)
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Question | Answer Additional guidance Mark
number
(b)(i) . 3
S Bfonten . oot oy + 200 o) Do not allow energy profile or
TR o energy level diagrams
—*‘,, " ./am Hisa®) 4 2x 8 HIOH b
B.:":'-.'u}"' 20H7g)
« all arrows in the correct direction (1) | Species at each corner must be
approximately correct
« correct formulae at each corner and (1) | Allow missing minor detail:
enthalpies of hydration, and solution brackets, position of subscripts,
and LE correctly identified etc. but not absence of
subscripts
s correct expression or correct (1) | Example of calculation:
substitution of values A H = (A 4H (Ba™) + 24, JH(OH
) -
LE (Ba{OH),)
or
= (-1360 +(2 = -460)) - (-2230)
_ ) (1) | =-50 (kJ mol™)
* correct evaluation Allow TE from their cycle if
A, H(OH) s
not doubled
Question | Answer Additional guidance Mark
number
b(ii) » entropy (change) of (1) 2
system/AS,_ ./ ASg.aiing 15 large and
positive (and outweighs negative
d‘ssurm..rdir'gs {'d‘H"{ﬂ} {1)
= overall entropy change/AS, ., is
positive
or
* use of ":"Stu:al = "ﬁ‘ssurro.rdirgs + ﬂssy‘s:em {1)
. ‘istnt,al = ‘ﬁ‘ssurro..rdirgs + I:"Q‘H"fﬂ {1 ] Allow use of '&'G
Q8.
Q | Correct Answer Mark
The only correct answer is D (S502) 1

A is incorrect as although it has four atoms, it has ten electrons
B is incorrect as it has two atoms and two electrons

C is incorrect as it has two atoms and only fourteen electrons
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Question |Acceptable Answers Additional Guidance Mark
Number

(@) Example of calculation: 5
M1 Expression for ASsysiem (1) (186.2 + 239.7) — (16.5 + (4 x 186.8))
M2 Value for ASsysiem (1) —337.8 (J K 'mol™)
M3 Expression for ASsumoundings (1) ASeumoundings = -AH = — (—-631.3 x 10%) / 298
T
M4 Value for ASgumoundings (1) = (+) 2118.5 (J K 'mol™) / (+)2.1185 (kJ K
mol™)

(=2118.5 + (— 337.8)
M5 Value for ASiwmato 2 or 3 SF and

units (1)
= (+)1780.7
= (+)1780/ (+)1800 J K" mol™

(+)1.78 7 (+)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 |Acceptable Answers Additional Guidance Mark
Number

@)i) | An answer that makes reference to: Ignere references to 3
Le Chatelier for M1 and M2.

+ Ahighertemperature would resultin a less
Allow A higher temperature
would result in a an
insignificant change in

positive
! lower ASsuroundings (ASsystem IS Telatively

unaffected by temperature) (1
y P )M ASsurroundings 85 its value is so

large (ASesy=em IS relatively
unaffected by temperature)

e S0 ASga is less positive / lower, which makes

50 ASigaiis unchanged (in sign),
reaction less feasible /reduces yield (1)

which means feasibility of
reaction is unchanged Ignore

COMMENT: less easily / readily

For M1 and M2 allow correct calculation of
ASiea (@t 973K) =0 to show that the reaction is
feasible.

Standalone mark
s« but high temperature is used to increase rate (1)
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Question Acceptable Answers Additional Guidance Mark
Number
{a][ii” Recall of expression for k (1) Example of calculation: 2
ASwm = Rin K

Reamangement of expression and

calculation of In K and value for K (1)

=214.1998

Allow TE from (a)(i) but no TE if 115440 x 109
incorrect expression given in M1.

1.18 x 10%

In K = ASww /A= 1780.7 / 8.31

Allow any answer between 1.06 x 1 0** and

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

energies for calcium and correct labels, B andC in
boxes (1)

Downward arrows for electron affinity and lattice
enthalpy and correct labels E x 2 and Fin boxes (1)

Correctspeciesincluding statesymbolson

horizontallines (1)

Ca’"[g) + 2g) + (2e7)

ar

Ca™ () + 21

(<]

Ca'(g)+2Ng)+(e7)

18]
Calg)+ 2(g)
b} | x3 F
Cafg) + Lig)
l -
A
Cafs) + 1(g)
Erthalpy of formation
Calsis) of calcium iodide

once in M1 and
M2

If electrons are included,
they must be correct but
allow e for e”

Question Acceptable Answers Additional Guidance Mark
Number
(b)(i) Arrows upwards for first and second ionisation Only penalise lack of arrow 3
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If E x 2 penalised in b(i), allow use of 1 x 295.4 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)

-348 4(kJ mol™) scores 1 (misses both x 2)

-242 6(kJ mol™") scores 1 (misses 2 x 295 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)) | correct expression (1) Example of calculation: Z
[(178.2 + 590 + 1145+ (106.8 x 2) — (295.4 x 2)] — 2074
Evaluation (1) =—538 (kJ mol)

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 Marks
Number
(b)iii) | ponding in calcium fluoride is (virtually) 100% ionic (1) 4
Whereas bonding in calcium iodide has a degree of Allow lodide /I"has some
covalency /somecovalentcharacter (1) covalent character
Then any 2 from these 3 marking points
The calcium ionis polarizing (1)
The fluoride (ion) is small so not easily polarised / electron Pe“‘“’_‘"se the _USE_! of
. . fluorine and iodine once
cloud not soeasily distorted (1)
only
the iodide (ion) is larger and so is easily polarised / electron
cloud iseasily distorted (1)
Question |Acceptable Answers Additional Guidance Mark
Number
{(c) Ignore larger / less / higher Allow 3

Q10.
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Question Answer Additional Guidance Mark
Number
(a)(i) Example of calculation (2)
+ corect use of enthalpy data (1) —(—824.2)+ (3 = —110.5)
« comect enthalpy change 1 = (+)492.7 (kJ mol™)
Correct answer with or without working scores 2
The following score 1 for a single error:
(+) 713.7 (kJ mol ™) not x3
—492 7 (kJ mol™) signs reversed
Allow 3SF
Penalise wrong units once only in (a)(1) and (11)
Question Answer Additional Guidance Mark
Number
(a)(ii) Example of calculation (3
* ¥ 5 products (1) | 5= products (2x273)+(3x197.6) =
647.4 (TK ' mol™)
e ¥ § reactants (1) |S= reactants 874+ (3x57) =1045(JK 'mol™)
o ASyuen =Y 8 products (1) | Ay =647.4 - 104.5 = (+)542.9 (J K™ mol™)
— 1§ reactants Correct answer with no working scores 3
Allow TE for M3
Question Answer Additional Guidance Mark
Number
(@) (iii) Example of calculation 3)

» use of ASimowming:=—AH (1)
T

« at equilibrium AS,; =0 (1)

= -’:'L'Sﬂmaunﬂgi - M;}'Hen:

« calculation of temperature (1)

M;uumnding; == (+49'2?) x 1000/T

0=-4927x 1000/T+ 5429

= 907.53(K)
0.90753 scores 2 (not x 1000)

Ignore SF
TE on (a)(1) and (a)(ii)

Correct answer based on a1 and an without working
scores 3

Allow use of AG=AH — TAS e
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Question Answer Additional Guidance Mark
Number
(b)(i) An answer that makes reference to the following points: (2)
*  ASqroandings and ASwysem are posttive (1) | Allow AH 1s negative/reaction
exothermic and
AS ysem 15 pOSIiVE
® 50 ASyy will always be positive (so reaction will be (1) l‘uﬂ-depeudent on M1
feasible)
OR
Using AG = AH — TASiyuem
 Allow AH 1s negative and ASsysem 15 positive 1)
* 50 AG will always be negative (so reaction will be
feasible) (1) | M2 dependent on V1
Question Answer Additional Guidance Mark
Number
{b)(ii) An answer that makes reference to the following points: 3
*  at a higher temperature AS;oumgine: Will decrease (1) | Ignore reference to AS = Rlnk
*  AS;am does not change (sigmficantly) 1)
* 50 ASpm will decrease/become less positive 1)
Question Answer Additional Guidance | Mark
Number
(e)(i) (3)
Fel'(g] « 0%
Fe* (gl + Dig) .
e Allow values mnstead
H £ of letters
Fe'[g] + ¥ Oulgh Fe*[g) ~ Orig)
C
Felg)+ % 0;
B
G
Fe(g] * % Oulg
A
Fefs) « 1 Oulg)
D
Fed (5)
All 7 correct 3 marks
4—6 correct 2 marks
2-3 correct 1 mark



https://stemup.co.uk

Question Answer Additional Guidance Mark
Number
(c)(ii) Example of calculation 2
» comrect expression (1) — 759 -416 -272+ 3920 - 798 + 141 — 249
+ comect calculation 1) =(+)1567 (kJ mol™)
Allow 35F
Correct answer with or without working scores 2
marks
Allow 1 mark for one nustake
Question Answer Additional Guidance Mark
Number
(c)(iii) )

» the electron is being added to a negative 10n (1) | This can be shown by an equation

- a;]d L0 the[f_- j_s rcplﬂgim] (50 energy i(,- quuﬁed) (1) AHO“-' IE.‘]JU].SiDﬂ IJCT\‘-"E‘CI] thﬂ C].E‘Cti'ﬂﬂﬁ
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Ql.

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 standard enthalpy change of solution of potassium chloride, KCl, is +17 k] mol™.

The solubility of potassium chloride in water at 298 K is 359 g dm™>.

Which of these explains the solubility of potassium chloride in water?

[0 A the hydration enthalpy of K™ and the lattice energy of KCI are exothermic
[0l B the hydration enthalpy of K* and the lattice energy of KCl are endothermic
[J € the total entropy change when KCI dissolves is positive
L]

D the total entropy change when KCI dissolves is negative

(Total for question = 1 mark)

Q2.

The mechanism for the rapid decomposition of hydrogen peroxide, H,0,, in the presence of
iodide ions, is:

H,0,+1T — 10 +H,0 equation 1

H.0,+10° - T +H,0+ 0, equation 2

(a) Write the overall equation for the reaction and hence state the role of the iodide ions.

(b) In further experiments, a student calculated the rate constant for the decomposition of
hydrogen peroxide at two different temperatures.

Temperature/°C = Rate constant (k) / dm® mol™' s
22.0 49010

47.0 292 %107
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The rate constant (k) is related to the temperature, T, (in Kelvin) by the following equation:
E 1 -1 -1
In k =—Eax?+con5tant R=28.31JK  mol

Use the data in the table to calculate the activation energy, E,, for the reaction by a
non-graphical method.

Give your answer in k] mol™ and to an appropriate number of significant figures.
Include a sign in your answer.

(c) If acid conditions are used, the decomposition of hydrogen peroxide proceeds by a different
mechanism. The equation for this reaction is:

H.O,+ 2"+ 2H" — L+ 2H,0
This reaction is first order with respect to both iodide ions and hydrogen peroxide.
The progress of this reaction is usually followed by adding a fixed quantity of sodium thiosulfate
solution and a little starch solution to the reaction mixture, then timing the appearance of a

blue-black colour. This is known as a clock reaction.

(i) Explain the formation of the blue-black colour and why its appearance is delayed.

(ii) Although the oxidation of thiosulfate ions (S,05%") by hydrogen peroxide is
thermodynamically favourable, it does not take place in this clock reaction.
Suggest a reason for this.
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(Total for question = 10 marks)

Q3.
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.
Ammonium nitrate is very soluble in water.
NH.NOsi(s) + ag — NHilag) + NOs(aq) AH® = +25.8kJ moll
What is the best explanation for this?
[ A all ammonium salts are soluble in water
[l B the activation energy of the reaction is very low

[J € the enthalpies of hydration of the ions are very exothermic

[0 D the entropy change of the system, AS; ctem, iS positive

(Total for question = 1 mark)

Q4.
The standard enthalpy change of solution for ammonium nitrate, NH,NOs , is +25.7 kJ mol™.

(a) Calculate the value for the standard entropy change in the surroundings, ASSireundinas, when
ammonium nitrate dissolves in water at 298 K. Include a sign and units with your answer.

(b) Explain what can be deduced from your answer in (a) about the sign and the value of the
standard entropy change in the system, ASgem  when NH,NO; dissolves.
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(Total for question = 5 marks)

Q5.

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 .

What is the standard entropy change of the system, in ] K> mol™, for the reaction between
nitrogen and hydrogen to form ammonia?

N2 + 3H2 - 2NH3

Standard molar entropy / J K mol™

H, 130.6
N, 191.6
NH, 192.3

O A -198.8

0 B -129.9

0 ¢ +129.9

0 D +198.8

(Total for question = 1 mark)
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Q6.
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 .
Which of these has the highest standard molar entropy at 298 K and 1 atm pressure?
L1 A carbon dioxide, CO,

B copper, Cu

]
[l € ethanol, C,HsOH
]

D hydrogen, H,

(Total for question = 1 mark)

Q7.
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 standard molar entropy, 5%, of a substance
[1 A is not affected by changes of state or changes in temperature

B only changes when the temperature changes

E3
[0 € only changes when the substance changes state
Ll

D changes when the temperature changes and when the substance changes state

(Total for question = 1 mark)

Q8.
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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.

In which series does the standard molar entropy of the compounds increase?

[1 A CaO(s) < H,0(l) < CO,(g) < SO,(9)

[1 B CaO(s) < H,0(l) < SO,(g) < CO,(g)

[ € SO0,(g) < CO,(g) < H,O(l) < CaO(s)
]

D CO,(g) < SO,(g) < H,O(l) < CaO(s)

(Total for question = 1 mark)

Q9.

Which substance has the highest standard molar entropy?

LI A ethane(qg)
[l B water(s)
[1 € water(l)
[l D water(g)
(Total for question = 1 mark)
Q1lo0.

The equation for the formation of ammonia in the Haber Process is shown
“N,(g) + 1%H.(g) = NH,(g)

(a) At 298 K the standard entropy change of the system, AS5u.m =-98JK 'mol™
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Calculate the standard entropy of one mole of ammonia.

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

Substance | Standard molar entropy, 5= /JK ' mol™
N, 192

H, 131

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

Data for the value of AS,y, at different temperatures but at standard pressure of 100 kPa are
given for this reaction.

Temperature / K 1/T/K' AS o/ KJ K 'mol™
250 4.00x 10~ 8.27 x 10
375 2.67 x 107 2.25x 107
500 2.00 x 107 -0.764 x 10
625 1.60 x 10~ ~2.57 x 10”
750 1.33x 107 -3.77 x 107

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

Include a line of best fit.
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0.10

0.08

0.06

0.04

AS e
/KK mol™

0.02

0 T

-0.02

-0.06

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

ASiota1 = ASsurroundings + ASsystem
and ASqyrroundings = ~AH/T

to give

ASioral = -AH/T + ASgstem

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

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

STEMUP.CO.UK

(1)
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(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
¥2N.(g) + 1%Hi(g) = NHs(g)

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.

[ASiota at 750K = -37.7 ] K 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, H3PO,, 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 aqueous 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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Q11.
This question is about the thermodynamics of the reaction:

N,O,(g) — 2NO.(g) AH = +57.2kJmol™".

Standard molar entropy Standard molar enthalpy

Compound = A 1 of formation at 298K, Colour
at 298K, 5 /JK " mol AHZ [ k) 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;g:, 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,q, is zero for this equilibrium.

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

(i) In an experiment, 10 mol of N,O,(g) was placed in a closed container at 50 °C. At
equilibrium, 27% of the N,0,4(g) had dissociated, and the pressure in the container was 4.0 atm.

Calculate the value of K, at 50 °C.
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(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,O4(g) by considering the effect on the
partial pressures of NO,(g) and N,0,(9).

(Total for question = 20 marks)

Q1l2.

The element sulfur can exist in two solid, interchangeable, structural forms known as rhombic
sulfur and monoclinic sulfur.

S(s, rhombic) = S(s, monoclinic) AS, 1 = -0.307 JK"mol™

The value of AS,., is for the forward reaction. What can be concluded from this information?
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L1 A monoclinic sulfur will change quickly into rhombic sulfur

L1 B rhombic sulfur could change into monoclinic sulfur but nothing can be deduced about the
rate

[ € there can be no change of structural form as they are both solids

[l D monoclinic sulfur could change into rhombic sulfur but nothing can be deduced about
the rate

(Total for question = 1 mark)

Mark Scheme

Ql.
Question Answer Mark
Number
The only carrect answer is C (the total entropy when KCl1 dissolves 1s positive) (1)
A 15 not correct because the enthalpy change of hvdration for all
ions and lattice energy for all ionic compounds
are exothermic so this does not explain why KCl is soluble
B is not correct because the enthalpy change of hvdration for all ions and lattice
energy for all tonic compounds are exothermic
D is not correct because the rotal entropy must be positive for a spontaneous reaction
Q2.
Question | Answer Additional guidance Mark
number
(a) = 2H,0, = 2H,0+ 0, (1) | lgnore state symbols 2
+ iodide ions act as a catalyst (as they don’t (1) | even if incorrect
appear in the
overall equation)
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Question | Answer Additional guidance Mark
number
(b) Example of calculation: 4
» converts both temperatures from °C to K (1) | 22.0°C=295.0 K
47.0°C = 320.0 K
* correct subtraction (1) ol B - f4|' L |
v
» substitute numbers in equation correctly (1) fagoxio*) E(1 1
{ Tl et e
» correct value of E, (1) (+)36.(0) (kJ mol™)
Sign and final answer to
2 or 35F
Incorrect units loses MP4
Correct answer with no
working scores 4
Question | Answer Additional guidance Mark
number
(c)(i) An explanation that makes reference to the 3
following points:
(1)
» (blue-black colour is) product of starch-iodine
reaction
= the iodine produced reacts (rapidly) with the (1
thiosulfate ions
(to reform iodide ions)
« when all of the thiosulfate has reacted, the (1)
blue-black colour appears.
Question | Answer Additional guidance Mark
number
{c)(if) » the reaction (between thiosulfate and Allow reaction has high E; 1
hydrogen peroxide) is slow
Q3.
Question | Answer Mark
number
1

The only correct answer is D (the entropy change of the system, ASwqyzem | 15 positive)

A
B
C

is incorrect because this is a statement not an explanation

is incorrect because activation energy affects rate not direction of change

is incorrect because the overall enthalpy of reaction is still endothermic
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Q4.

reference to:
¢ ASsystem Must be positive

(1)
*  ASsystem > 86.24 J mol-' / answer
‘to (a) (1)

s (as compound does dissolve)

AStotal 15 = 0/ positive (1)

Allow “ASsystem IS more positive’

Allow TASsystem 1S greater in magnitude /
more negative than aH

AG IS negative

If answer to (a) is positive , then M1 and
M2 will be

ASsystem COUND be positive or
negative

ASsystern SMaller in magnitude than
answer to (a) / TASsystem IS greater
than aH

Q Acceptable Answers Additional Guidance Mark
(a) Example of calculation 2
s correct expression —AHoT=-257 0298
for ASsurroundings (1)
s cormrect evaluation and correct —0.086242 kJ K-'mol-1/
) ] - 86.242 J K-"mol!
units and correct sign (1)
Ignore SF except 1 SF
Correct answer with no working
scores (2)
Allow TE in M2 for use of aH oT
Comment
Mark value first — if correct, with
units and sign award 2 marks
For units allow kJ K-mol-/ J K-mol-
Q | Acceptable Answers Additional Guidance Mark
(b)| An explanation that makes 3

(Total for Question = 5 marks)
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Q5.

Q6.

Q7.

Q | Correct Answer Mark
The only correct answer is A (— 198.8) 1
B is incorrect as number of moles of NH: and H; have not been considered
C is incorrect as number of moles of NHs; and H; have not been considered
and the expression to find the
standard entropy of the system is the wrong way round
D is incorrect as expression to find the standard entropy of the system
is the wrong way round
Question Answer Mark
Number
The only correct answer is A (carbon dioxide. CO2) (1)
B is not correct because copper is a solid at 298 K and 1 atm pressure
so has the lowest entropy
C is not correct because ethanol is a liguid at 298 K and I atm pressure
and has a lower entropy than a gas
D is nat correct because hyvdrogen is also a gas at 298 K and 1 arm
pressure, but its molecules are smaller than
carbon dioxide molecules
Question | Answer Mark
number
1)

changes state)

femperarnire

The only correct answer is D{changes when the temperature changes and when the substance
A is incorrect because standard molar entropy is qffected by change of state and change in

B s incorrect because standard molar entropy is affected by change of state

C  is incorrect because standard molar entropy is affected change in temperature
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Q8.

QO.

Q1lo0.

Question | Answer Mark
Number
The only correct answer is A (CaO(s) = H:0(l) = COx(g) <= SOa(g)) (1)
B is not correct because 50:(g) has a greater standard molar entropy than CO;(g)
C is not correct because SOxfg) has the greatest standard molar entropy
D is not corvect because S0:(g) has the greatest standard molar entropy
Question | Answer Mark
number
1

4 ethane(g)



https://stemup.co.uk

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 ammonium ions / Allow HsO™
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
Qll1.
Question | Answer Additional guidance Mark
number
(a) Example of calculation: 2
e useof AS AS AS (1) ] aS = (2 = 240.0) - 304.2

systam

products

« correct value with sign and units

reactants systam

(1) - +175.8 J K~ moal”

scores 2
Allow 3 SF

Correct answer with no working
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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 N0, = 0.575
tole fraction MO, = 0.425
Allow TE from M1
* converted to partial pressure (1) | P 1,0, = 2.30 (answers to M2 x 4)
HO, =1.70
Allow TE from M2
« calculation of K, (1) | K, =1.26 (atm)
Allow TE from M3
lgnore SF except 1 5F
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 (N
therefore) mole fraction of M,0, must
increase (relative to mole fraction of
MO,)
+ (therefore) % dissociation of M,0, (N
decreases
Q1l2.
Question | Answer Mark
number
D monoclinic sulfur could change into rhombic sulfur but nothing can be 1

deduced about the rate
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