R Answer Mark
Number
9 The only correct answer is C (positive  negative ) 1)
A is incorrect because this pair of values will never be thermodynamically feasible
B is incorrect because this pair of values is only thermodynamically feasible if the enthalpy change of reaction when
divided by the temperature is greater in magnitude than the entropy change of the system
D is incorrect because this pair of values is only thermodynamically feasible if the entropy change of the system is
greater in magnitude than the value obtained from the enthalpy change of reaction divided by the temperature
e Answer Mark
Number
! : vI'12] M
The only correct answeris B (K.= ———
[WIIX]
A is incorrect because Y has been multiplied by 2 instead of raised to the power of its coefficient
Cis incorrect because the expression has been inverted and because Y has been multiplied by 2 instead of raised to
the power of its coefficient
D is incorrect because the expression has been inverted
uestion
Q Answer Mark
Number
11 The only correct answer is B (W and X only) 1)
A is incorrect because reaction X and W will give a positive value for ASiowl
C is incorrect because reaction Y will give a negative value for ASwota
D is incorrect because reaction Z will give a negative value for ASwta
UG Answer Mark
Number
11 The only correct answer is B ((CH3);CCl) 1)
A is not correct because CH;CHCl is a primary halogenoalkane
C is not correct because CH;CHCICH3 is a secondary halogenoalkane
D is not correct because (CH3)sCCH2Cl is a primary halogenoalkane
uestion
Sl Answer Mark
Number
15 The only correct answer is B (132 minutes) (1))

A is incorrect because this is the time taken for the concentration to reach 5.5 x 1073 mol dm™ which is half-way
between the starting concentration and the final concentration

C is incorrect because this is half of the time shown on the graph

D is incorrect because this is the time at the end of the graphical data




uestion
Q Answer Mark
umber
13(a) : (pS03)? (1)
The only correct answer is Kp=————
only ¢ € & (pS02)? = (P()z))
A is not correct because the partial pressures in the equation have been multiplied by 2 instead of squared
B is not correct because this is the expression for K.
D is not correct because the expression has been inverted
uestion
Q Answer Mark
Number
13(b) The only correct answer is B (decreasing the pressure decreases the equilibrium yield of SO3) (4))
A is not correct because changing pressure has no effect on K,
C is not correct because a catalyst will not affect the equilibrium yield
D is not correct because a catalyst will not affect Ky
uestion
Q Answer Mark
Number
5 The only correct answer is A (the value of K 1s less than 1) 1
B is not correct because this would give a positive total entropy change
Cis not correct because the value of K cannot be negative
D is not correct because the position of equilibrium would lie to the left
Question | Answer Mark
number
§ The only correct answer is C (increases; unchanged) M
A s incorrect because the energy of the system does not change for an ideal gas
B is incorrect because the entropy of the system increases and the energy of the system does not change for an ideal
gas
D s incorrect because the entropy of the system increases
Question | Answer Mark
number
1(a) The only correct answer is A (rate = k[NOJ[O2]; rate = k[NOJ*[02]) 0]
B s incorrect because the rate equation is not determined by the stoichiomeltric equation
C  is incorrect because the rate cannot depend only on the concentration of products
D s incorrect because the rate cannot depend only on the concentration of products
Question | Answer Mark
number
1(b) The only correct answer is B(colorimetry; volume change) )
A s incorrect because titration cannot be used for continuous monitoring of a reaction
C  isincorrect because the mass of the system does not change
D s incorrect because the mass of the system does not change and titration cannot be used for continuous monitoring
of a reaction




uestion
Q Answer Mark
Number
10(a) The only correct answer is B (the mixture becomes more purple) (n
A is incorrect because although there is no change in position of equilibrium the increase in pressure results in the
purple iodine molecules being closer together so the colour becomes more intense
C is incorrect because iodine vapour is not brown
D is incorrect because iodine vapour is not brown
uestion
Q Answer Mark
Number
10(b) The only correct answer is B (a decrease in temperature only) (1)
A is incorrect because a change in pressure does not affect the value of K,
C is incorrect because only temperature has an effect on the value of Ky and an increase will result in K, decreasing
and not increasing
D is incorrect because temperature does have an effect on the value of K,
uestion
Q Answer Mark
Number
10(c) The only correct answer is A (the equilibrium position has shifted towards the products) (1)
B is incorrect because the increase in the value of K, indicates a shift in the position of equilibrium to the products
C is incorrect because the change in the value of K, does indicate a shift in the extent of reaction
D is incorrect because the change in the value of K}, is insufficient to result in almost complete conversion
Question Answer Mark
Number
1(a) The only correct answer is B (measurement of change in volume)
A is incorrect because none of the gases is coloured
C is incorrect because there is no loss or gain of mass
D is incorrect because there are no bases in the mixture
Question Answer Mark
Number
1(b) The only correct answer is D (quenching followed by titrating with acid)
A is incorrect because nothing in the mixture is coloured
B is incorrect because there is no change in volume
C is incorrect because there is no loss or gain of mass
uestion
Q Answer Mark
Number
3 The only correct answer is D (FeCls) (1)

A is not correct because FeQ is a less complex substance than FeCl;
B is not correct because FeS is a less complex substance than FeCls

C is not correct because FeCl»is a less complex substance than FeCl;




Section A

The only correct answer is D (K, = (pNO2)* x (p02))

A is incorrect because solids are not included in the K, expression and the value should be raised to the power not multiplied

by the number from the equation
B is incorrect because solids are not included in the K, expression

Cis incorrect because the value should be raised to the power not multiplied by the number from the equation

uestion
Q Answer Mark
Number
1(a) The only correct answer is A (colorimetry) 1
B is not correct because there is no change in mass
Cis not correct because titration is not a continuous monitoring method
D is not correct because no gas is produced
uestion
Q Answer Mark
Number
1(b) The only correct answer is D (dm’ mol~ s™) 1
A is not correct because these are the units of rate
B is not correct because these are the units of the rate constant for a second order reaction
C is not correct because these are the units of the rate constant for a third order reaction
uestion
Q Answer Mark
Number
1(¢) The only correct answer is D (1/16) 1
A is not correct because the rate would change by this factor for an overall first order reaction
B is not correct because the rate would change by this factor for an overall second order reaction
Cis not correct because the rate would change by this factor for an overall third order reaction
Question | Answer Mark
number
9(a) e M
The only correct answer is D(K; = )
; [H,0]*
A s incorrect because the solids are not included in the K. expression for this equilibrium
B s incorrect because the solids are not included in the K. expression for this equilibrium
C __is incorrect because the solids are not included in the Kc expression for this equilibrium
Question | Answer Mark
number
9(b) The only correct answer is D(K: unchanged; K. decreases) m
A s incorrect because K. is not affected by the state of division of the solid and K. decreases for an exothermic
reaction
B s incorrect because K. decreases for an exothermic reaction
C s incorrect because Kc is not affected by the state of division of the solid
Question Answer Mark
number
3 . _ 1
The only correct answer is A (rate = k[E][F])
B is incorrect because the rate depends on concentrations of the reacting species in the slow step and the
stoichiometry of this step
C  is incorrect because the rate equation cannot include intermediate concentrations
D s incorrect because the rate depends on concentrations of the reacting species in the slow step
and the stoichiometry of this step and the rate equation cannot include intermediate concentrations
Question Answer Mark
Number
6




o o Answer Mark
Number
3(a) (1)
]
The only correct answer is A ( )
Time
B is incorrect because the graph shows a reaction where the rate decreases as concentration of () increases
C is incorrect because the graph shown is correct when rate is plotted against concentration of Q0
D is incorrect because the graph shows a reaction where the rate increases as concentration of Q increases
U Answer Mark
Number
3(b) The only correct answer is B ( 20s ) (1)
A is incorrect because the half-life for a first order reaction is constant
C is incorrect because the half-life for a first order reaction is constant
D is incorrect because the half-life for a first order reaction is constant
uestion
Q Answer Mark
Number
3(c) The only correct answer is D ( ) (4)]
Absarption
Retention time/min
A is incorrect because the area under the curve is unchanged and the retention time has doubled
B is incorrect because the retention time has doubled
C is incorrect because the area under the curve is unchanged
uestion
Q Answer Mark
Number
9 The only correct answer is A (K, = p(NO2)* p(0,)*) 1)

B is incorrect because the stoichiometric coefficients to balance the equation have been doubled in the equilibrium
expression

C is incorrect because solid species have been included in the equilibrium expression

D is incorrect because the stoichiometric coefficients to balance the equation have been doubled and solid species

have been included in the equilibrium expression

L T Answer Mark
Number
3 The only correct answer is C (atm™) (1)

A is incorrect because coefficients have not been taken into account
B is incorrect because coefficients have not been taken into account and the expression has been inverted

D is incorrect because these are the units for the inverted expression




E.zf;‘;s: Answer Mark

2

The only correct answer is D (0.125) (1)
A is incorrect because this is the amount that has decomposed after three half-lives

B is incorrect because this is the concentration remaining after one half-life

C is incorrect because this is the concentration remaining after two half-lives

estion
Lo Co Answer Mark
Number
6 The only correct answer is A (2Ix(s) — I(g)) (1)]
B is incorrect because the standard state of iodine is solid
C is incorrect because atomisation is for the formation of one mole of gaseous atoms
D is incorrect because atomisation is for the formation of one mole of gaseous atoms and the standard state of iodine
is solid
Queigon Answer Mark
Number
10 The only correct answer is B (12) 1)
A is not correct because this is the rate increase when the rate has been multiplied by 6 (2 X 3)
C is not correct because this is the rate increase when the concentration of NO has been tripled and the O> doubled
D is not correct because this is the rate increase when the concentrations of both the NO and O2 have been tripled
estion
Lol Answer Mark
Number
7 8]

The only correct answer is A (O7(g) +e™ — Oz"(g))
B is incorrect because this is the equation for the first and the second electron affinities of oxygen

C is incorrect because this is the equation for the second ionisation energy of oxygen

D is incorrect because this is the equation for the first and second ionisation energies of oxyvgen

Question Answer Mark
number
4 - (n
The only correct answer is D (graph 4)
A isincorrect because entropy increases with temperature and the entropy change for the change from liquid to gas
is greater than that for solid to liquid
B isincorrect because entropy increases with temperatire
C _ isincorrect because the entropy change for the change from liguid to gas is greater than that for solid to liquid
uestion
Q Answer Mark
Number
7 The only correct answer is A ( rate = k[H0.*[I7]) (1)
B is incorrect because the concentration of hydrogen peroxide should be squared
C is incorrect because this includes an intermediate
D is incorrect because the concentration of hydrogen peroxide should be squared and includes an intermediate




uestion
Q. Answer Mark
Number
1(a) The only correct answer is B (the collisions do not have sufficient energy) (1)
A is incorrect because low reactant concentrations will reduce the number of collisions but not the proportion that
are successful
C is incorrect because at equilibrium both the forward and reverse reactions occur at the same rate
D is incorrect because the reacting ratio does not reflect the mechanism of the reaction
uestion
Q. Answer Mark
Number
1(b) The only correct answer is A (atm) (1)
B is incorrect because the expression for Kpis inverted
C is incorrect because the different state of one of the products has not been taken into account
D is incorrect because the expression for Kpis inverted and the different state of one of the products has not been taken
into account
uestion
Q Answer Mark
Number
5(a) The only correct answer is A (2.0 x 10'%) (1)
B is incorrect because this value is determined by subtracting two from both the number 4 and its power
C is incorrect because this value is determined by not including the power in the square root calculation
D is incorrect because this value is K, unchanged from equation |
uestion
Q Answer Mark
Number
5(b) The only correct answer is D (9.77 < 10%) (1)

A is incorrect because this value is determined by using An = +1 instead of —1

B is incorrect because this value is determined by using An = +1 instead of —I and from using the temperature in C

instead of K

C is incorrect because this value is determined from using the temperature in C instead of K

Question
Answer

Number

Mark

6

The only correct answer is C (negative, positive)
A is incorrect because a gas is changing 1o a liquid 50 ASsysem is reduced
B is incorrect because a gas is changing 10 a liquid 50 ASsysemis reduced and condensation is exothermic

D is incorrect because condensation is exothermic

(n




Question

g Answer Mark
Number
3(a) The only correct answer is C (it alters the enthalpy change of the reaction) (1)
A is incorrect because a catalyst does lower the activation energy of the reaction
B is incorrect because a catalyst has no effect on the equilibrium constant for the reaction
D is incorrect because a catalyst does reduce the energy cost of the reaction
uestion
(lg.'um ber Answer Mark
3(bh) The only correct answer is B (a temperature of 400 K and a pressure of 200 atm) (1)
A is incorrect because the pressure is lower and there is a reduction in volume in the forward direction
C is incorrect because the temperature is higher and the forward reaction is exothermic and the pressure is lower
and there is a reduction in volume in the forward direction
D is incorrect because the temperature is higher and the forward reaction is exothermic
Oache Answer Additional Guidance Mark
Number
20(a)(i) Example of a calculation: 2)
e expression or suitable working (1) | (192 +0.5 x 205) — (220)
e correct answer 1) | (+)74.5(J K mol™)
Correct answer scores 2
—74.5 scores 0
TE on small errors in M1 e.g., miss out 0.5, as long as
the answer is positive
Penalise incorrect units once only for ai-aiii
Allow J K™ mol™
Allow J/K mol but not J/K/mol
Question .. .
Answer Additional Guidance Mark
Number
20(a)(ii) Example of a calculation: 2)

* balanced equation or suitable working (1) | AS surroundings = -AH/T
=— (=82000) =+ (2048)
= 82000 + 2048

* correct answer (1) | (+)40.039 (JK™ " mol™)

Correct answer scores 2

Ignore SF

— 40 scores 1 mark

0.04 scores 1 mark with correct units or without units,
2 marks with kJ K™! mol™




Question

Number Answer

Additional Guidance Mark

20(a)(iii)

« total entropy change

Example of a calculation: 1)
745+ 40.0=(+)114.5 (J K ' mol™)

TE on ai and aii, but both must be in the correct units
Ignore SF except 1SF

Question

Number Answer

Additional Guidance Mark

20(b)

e gradient

e activation energy

@)

Example of a calculation:

(1) | (=197) —(=190)

(0.00673) — (0.00649)

-7
0.00024

gradient= -29 167 (K)
(allow any negative value between 28 300-30000)

(1) | (-8.31x—-29167)+1000 = (+)242.4 (k] mol™)

(allow values between 235.1 to 249 .3 for 2 marks)

Ignore SF except 1 SF

Allow TE from M1

Answers in J mol™ score both marks if in the allowed
range (235100-249300)

Question

Number Answer

Additional Guidance Mark

20(¢)

low temperatures)

An explanation that makes reference to the following points:
¢ (thermodynamically) feasible because AStoral is positive

e activation energy high so the reaction is very slow (at

@
M
n

Ignore thermodynamically stable/unstable

Allow high temperature will provide E; so
reaction will proceed

Allow reaction may not happen as E; is
(very) high

Allow high E; so kinetically stable

Allow high E, so kinetically non-feasible

TE on 20(a)(iii) but not on 20(b)

(Total for Question 20 =9 marks)

Section B
Question A L .
nswer Additional Guidance Mark
Number
14(a) An explanation that makes reference to the following points: (2)
e (after initially getting darker) the mixture would turn (1) | Allow less green
yellower / more yellow Allow more yellow gas
Allow darker yellow
Allow just turns yellow
Ignore initial colour
. (s() eqm shifts left / favours the LHS as there are) (1) Allow mole ratio2:3 and this may be shown on the
fewer molecules/ mol on the LHS equation
Allow reverse argument
Do not award eqm shifts right
There i1s no TE
G Answer Additional Guidance Mark
Number
14(b)(i) | An answer that makes reference to the following point: (1)

[NOJ2[Cly]

* Ke?) [NoCI]?

Ignore state symbols
Do not award round brackets/ pp
Do not award if the 2 is inside the bracket




NIT LD Answer Additional Guidance Mark
Number
14(b)(ii) | An answer that makes reference to the following points: 2)
Substance NOCI NO Cl
e second row correct 1 "
Initial mol 0.250 0 0
e third row correct (1) | | Equilibrium mol 0.218 0.032 0.016
EoE R 0.436 0.064 0.032
mol dm
Allow TE on second row
R Answer Additional Guidance Mark
Number
14(b)(iii) Example of calculation: 3)
e correct use of K expression (1) | (0.064)* x 0.032 + 0.436°
e correct answer (1) | 6.8950 = 107/ 0.00068950
e with units and 1 to 3 SF (1) 6.9 x10%/690 x10™* /7 x 107 mol dm™
Allow TE from K¢ expression in (b)(i) and numbers in
(b)(ii)
Question Answer Additional Guidance Mark
Number
14(b)(iv) | An explanation that makes reference to the following points: Standalone marks 2)

(forward) reaction is endothermic/ AH is positive

(at the lower temperature) reaction moves in the

exothermic direction/backwards/to the left (making the

value of K, smaller)

(1) | Allow reverse argument if reverse reaction is
stated

Allow equilibrium shifts left
Allow favours instead of moves/shifts
(1) | Allow makes more reactants/NOCI

(Total for Question 14 = 10 marks)




(uestion
MNumber

Answer

Additonal Guidance

Mark

15(a i)

An answer that makes reference to the
following points:

» any one of two types of bond ing

+ third type of honding

lgnore gant throughout

¢ covalent{m Si10;)

(1) lgnore macromo lecular

Do not award simple/molecular
(1) Do not award dativeleoord mate

« metallic {in Mg}
Allorw mictal

e 1o {m Mgl))
Allerw 1on

Cuestion
MNumber

Answer

Additional Guidance

Mark

15 (a i)

An answer that makes reference to the
following points:

s (as) moles {decreases) from 5 to 3 (1

¢ decreases i disorder

Accept reverse arguments
Allow particles or molecules for moles
Ignore any reference to standard entropies of reactants and products

Allow just number of moles decreases
Do mot award meomect numbers of moles
Do not award incomect explanation relating o states

(1) | Accept fewer ways of distnbuting energy (in products)
Accept fiewer ways of amanging moles {in products)
lgnore just less amanged for less disordered

lgnore mndomness for disorder

lgnore just decreases in entropy

Cluestion
MWumber

Additional Guidance

15 i)

»  cxpression for ASsseessgs (1)

o value of A St (1

Example of caleulation:

ASsrmsatings = —AH = =370 = 10}
T (130 +273)

Allow just —{=3 70 ¥~ =370000)}370/370000 divided by any temperature in K or °C
#1250 (T K™ mol™)

Allow (+)1.25 k] K~ mal™*

lgnore 5F except 1 5F

o not award any other answer

Correct answer with some workimng scones {2)

If neither mark awarded, 1230 {(J K=" mol™ )/ =1.25 K K~ mol™ scores (1)

Cuestion
Num ber

Additional Guidance

15(a ) iv)

*  expression for ASe

o calculation of ASpeato 2, 3 ord 8F (1)

Example of calculation:
(1) | Afees = Alyamem + AN sumentings = —43 .8 + answer to (a)(iii)

where answer to {a){u) s 1250 (1 K=" maol™)
Aot =(+11206 / 1210/ 1200 (JE™ mal™)
Allew (+)1.206 ¢ 120412 kT K maol™!

where answer to (a)(ii) is —1250 (] K" mol™")
ASea =—1294 /= 1290/ 1300 (] K" mal™)
Allow =1.294 f =1.29/ =1.3 kI K" mol!

TE on transcription error of —48.3 for —43.8
Mo TE on incomect expression from M1




Question Answer Additional Guidance Mark
Number
15{a)(v) An answer that makes reference to the following point: Ignore SiOxfreactionfreactants isfare kinetically stable 1
Iznore reactions between solids are slow
« bonding /electrostatic attraction (in S10z) 1s strong
or Allow Mg/freactants for S0z
a large amount of energy 1s needed to break bond(s)
{1m S10h)
Allow a large amount of energy 1s needed to break
covalent / metallic bond(s)
Do not award any reference to the breaking of wnic
bonds / intermolecular forces
Cuestion Answer Additional Guidance Mark
Number
15{b)ii) An answer that makes reference to the following point: Examples of equation: 1
# correct equation Mg:81 + 4HCl — SiHa + 2ZMgCl
Allow onic equat ions;
MmSi + 4HY - SiHy + 2Mg*
MmSi + 4H* + 4CF = SiHs + IMg™ + 4CF
Allow multiples
Allow reversible arrow
Ignore state symbols even if incorrect
Question Answer Additional Guidance Mark
MNum ber
15{b)iii) An answer that makes reference to the following 2
points:
« name of shape (1) | tetrahedral
Allow tetrahedron
» bond angle (1) | 109 5=
Allow 1094
Mo TE on incorrect shape
Question Answer Additional Guidance Mark
MNumber
15(e)ii) Example of calculation: 2

o use of ASymem = Z8%madues — 8% eacnm i

s calculation of ASqzem (1

ASgyem= (41.8+2 x 60.0) —(204.5 + 2 x 205.0)

Allow just ASpmen = ES%mdus — E8 recums
4324
TE on ASqmem = ES rexnms — £5 moduas

TE on meorrect numbers of moles and transcription errors
Ignore units, even if incorrect
lznore SF except 15F

Correct answer with some working scores (2)

+432.9 /=297 8/ +297 8 scores (1)




Question
Mumber

Answer

Additional Guidance Mark

15(c i)

An answer that makes reference to the following
point:

# (—H bonds are strong(er than S1—-H bonds)

Accept reverse arguments 1

lgnore ASumoundings 1S (Very) positive
Ignore reaction is {highly) exothermic / A/ is(very) negative

Allow S0 bonds are strongfer than Si-H bonds)
Allow (covalent) bonding in H20 / 810k / products s strong

Allow formation of product bonds releases more energy (than
15 required to break reactant bonds)

Allow more energy required to break product bonds (than
reactant bonds)

Ignore any reference to O=0 bond strength (which is greater
than O=H / $i-=0)

Do not award intermolecular forces for bonds
Do not award ASaumoundings 15 negative
Do not award reaction is endothermic £ AH 15 positive

(Total for Question 15 = 15 marks)

Question
Number

Answer

Additional Guidance Mark

19(a)

An answer that makes reference to the following ponts:

¢ agas (and liquid products) are produced (from solids)

¢ more moles of products than reactants / increase in moles

2

(1) | Ignore just carbon dioxide produced

Ignore just change of state

Do not award reference to two gases/H20 gas
(1) | Accept moles increase from 4 to 7

Allow reference to molecules / particles

Do not award if numbers of moles incorrect

Ignore references to exothermic / endothermic

Question

Number

Answer

Additional Guidance Mark

19(b)

An explanation that makes reference to the following points:

¢ 1n solids the particles are fixed / in a lattice
(50 unable to move)

¢ so they cannot collide and react

¢ but when dissolved in water the particles are mobile

(3)

(1

(1) | Allow M2 1f applied to the dissolved 1ons being
able to collide and react

Do not award reference to an increase in kinetic
energy

(1) | Allow when dissolved the 1ons are dissociated /
spread out (in solution)

Ignore references to entropy / energy changes /
activation energy




Question
Number

Answer

Additional Guidance

Mark

19(c)

calculation of enthalpy change value

sign and units

(1
(1

Example of calculation

AH = (= sturmundm_g,q x T'==-2349x 298=}
AH =+ 700002 / 70000 / 7.0 x 10* J mol™"
or

AH=+70.002/70/7.0x 10" k] mol™
Ignore SF

Allow
J/ mol or kJ / mol for units

If two answers are given then both must be correct
Correct answer without working scores (2)
Allow M2 for incorrect value provided the units

match the value, e.g. use of 25 instead of 298 gives
+5872.5 J mol™ or 5.8725 kJ mol™

(2)

Question
Number

Answer

Additional Guidance

Mark

19(d)

enthalpy of solution labelled arrow shown to go up
from solid NaHCOs

lattice energy gaseous species and labelled arrow to
go down

enthalpy of hydration labelled arrow to go down and
both aqueous 1ons species

(1

(1

(1

Example of sketch

Nk + HCOT o

Lebkion DM () O (05,
“¥
_N&-nr H(b;(-n Y
agh
NaH @O

Accept two labelled arrows if the hydration enthal pies for
the 10ns are written separately
Allow just singular AnyeH for hydration enthalpy of both ions

Accept +18.6 for AyH
Allow ﬁH]“d for ﬁ]“dH and
Allow any lengths of arrows

AHy for AgyH

3




Question | Answer Additional guidance Mark
number
20(a)(i) In parts (1), (11), (111) and (1v) penalise omission of or 2)
incorrect units once only
Allow units in any order Allow (e .g.) J/K/mol
Do not award J/K mol
Positive signs are not required
Ignore SF except 1 SF throughout (a).
Example of calculation
s substitution of values into ASysem =229.5 + 219.5 — 310.1
ﬂsusystem= Spmducts_Sreactm\Ls [])
» calculation of value from correct equation 4 4
and =(+)138.9J K™ mol
sign and units (1) | TE for transcription errors on values only
Correct answer with no working scores (2)
Question | Answer Additional guidance Mark
number
20(a)(ii) Example of calculation (2)
s substitution of values into AHO=(—847+ 522) — (— 126.5)
AcH= AdH®*(products) — AsH®(reactants) (1
* calculation of value from correct equation =(+)94.0 kJ mol™
&nﬂ ) Correct answer with no working scores (2)
sign and units (1) | TE for transcription errors on values
—94.0 kJ mol ™" scores (1)
—159.0 kJ mol™ scores (1)
(+)263.4 kJ mol™" scores (1)
—10.4 kJ mol™ scores (1)
Question | Answer Additional guidance Mark
number
20(a)(iii) Example of calculation 2)
. EQUation for A-Sosurmul)dmgs Aso;urmundmgi= —AH /T
mabstittion of va (1) ~ o400 = 298
substitution of values Accept = 94 + 298
e calculation of value from correct equation
and =-315.44 J K™ mol™' /—0.31544 kJ K™" mol™!
sign and units (D | TE on AP from (a)ii)
Do not award use of incorrect equation
Correct answer with no working scores (2)
Question | Answer Additional guidance Mark
number
20(a)(iv) Example of calculation (1)

e equation for AS°
and
substitution of values
and
calculated value with sign and units

AS"om1 = AS%ystem + AS"surroundings

=+1389 + —315.44

=-176.54 J K™ mol™

Accept =+0.1389 + —0.31544
=-0.17654 kJ K~ mol™!

TE on valuesfrom (a)(i) and (a)(iii)

Do not award use of incorrect equation

Do not award value obtained using mixed units
Correct answer with no working scores (1)




Question | Answer Additional guidance Mark
number
20(a)(v) Example of calculation 2)
e equation for feasibility (1) (AS%ystem + (— AH/T) = AS%iqm =0)
ASgystem = AHIT or —AS%ygem = —AH T
substitution of values T=94000+ 1389
and
evaluation of T (1) =676.746 (K) (from unrounded values)
Accept 403.746(°C)
TE on valuesfrom (a)(1) and (a)(11)
Do not award use of incorrect equation (e.g omission of
negative sign in AS surroundings €Xpression)
Do not award value obtained using mixed units
Correct answer with no working scores (2)
Question | Answer Additional guidance Mark
number
20(b)(i) Example of expression n
s equilibrium constant expression
a P K = p(CzHg) x p(CzH,y)
P p(C4Hyp)
Accept p« where x = formula or pp( X)
Ignore state symbols even if incorrect
Do not award square brackets
Question | Answer Additional guidance Mark
number
20(b)(ii) Example of calculation (5)
CyHyy CsHg CsHy
moles of reactants and products (1 mOl, at 5-445 445 445
equil™ =0.55
mole 0.55 4.45 4.45
mole fractions (1) || fraction 9.45 9.45 9.45
=0.05820 =0.47090 =0.47090
rial ) partial 1.20x0.05820 | 1.20x 0.47090 | 1.20x 0.47090
paruguplEssures pressures | = 006984 =0.56508 = 0.56508
substitution of values into K, equation 0.565082
and p =————— = 45721 (4.5720 with unrounded numbers)
. 0.069841
evaluation (1)
* units “) =(4 ST?.I)atm
Ignore SF except 1 SF
TE on expression in (b)(i) that contains at least two species
TE at each stage
Correct answer with units but no working scores (5)
Omission of partial pressure gives K, = 3.8100 atm scores (4)
Omission of mole fraction gives K =43.21 atm scores (4)

(Total for Question 20 = 15 marks)



Question

Answer Additional Guidance Mark
Number
20(a)(i) Example of calculation 2)
e expression for calculation of AS9tem (D) [(70.4+213.6)-112.1
e calculation oi'AS_fystem 1) [=H171.9 A K mol™)
Accept (+)172 (J K mol™)
Accept (+) 0.1719 kJ K™ mol™
If units are given for M2, they must be correct
Allow 1 mark for final answer of - 171.9 (J K™' mol™)
Ignore SF except | SF
Correct answer with no working scores (2)
The only TE allowed from MI to M2 is a transcription
error in copying the data from the table
Question .. q
Answer Additional Guidance Mark
Number
20(a)(ii) Example of calculation 3)
Allow TE from (a)(i)
e recognition that at the minimum temperature for ASE,r==171.9 (J K" 'mol™)
decomposition ASE, .. = - A.Sfymm (1) | M1 can be subsumed within award of M3
e conversion of temperature to Kelvin (1) | 712+273 =985 (K)
e calculation of AH and answer to 2 or 3 SF (1) | AH=-(985 x-0.1719)
=(+) 1693
=(+) 169/170 (kJ mol™)
Allow
AH=—-(985 x-171.9)
=(+) 169300
= 169000/ 170000 T mol™
Allow TE from M1 to M3
Correct answer with no working scores 3
Alternative for M 1
* recognition that at the minimum temperature for
decomposition AG? =0 OR T=AH = AS
B Answer Additional Guidance Mark
Number
20(b) Example of calculation (3)

e calculation of energy released

* calculation of moles of anhydrous magnesium chloride

o calculation of AswiH, including sign and unit

)]

)
1

Allow TE throughout

4.18 x 200 = 6.8 =5684.8 (])
Ignore any signs in M1

Do not award use of mass =204.26
426 +95.3=0.044701 (mol)

5684 .8+ 0.044701 = 127170 ] mol™
80 At =—127 kI mol™ /= 127170 J mol™

Correct answer with no working scores 3

Ignore SF except 1 SF




Question

Answer Additional Guidance Mark
Number
20(c)(i) An answer that makes reference to the following points: (1)
* correct formulae and state symbols in left hand box Mg3+(g) + 2Cl7(g)
and
correct formula and state symbol in right hand box MgCl(s)
Question i q
Answer Additional Guidance Mark
Number
20(c)(ii) Example of calculation 3)

e expression for standard enthalpy of hydration

* calculation of enthalpy of hydration of chloride ions

e calculation of standard enthalpy of hydration of chloride
ions

(m
(n

(n

~ 2526 + (= 127) == 1920 + 2AweH[CIH(g)]

2AnHICHg)] = [ - 2526 + (= 127)] + 1920
=-733 (kJ mol™")

~733+2==366.5 /- 367 (k] mol™)
OR
—2526 + (= 155) == 1920 + 20, 4H[CI(g)]

28 H[CH(g)] = [ - 2526 + (- 155)] + 1920
=-761 (kJ mol™)
(==761+2)=-380.5/-381 (k] mol™)
Allow TE from b for M1

No TE from M1 into M2 for incorrect expression, apart
from transcription error from b, or value carried though
from (b) with incorrect units

Allow TE from M2 to M3

Correct answer with no/some working scores (3)
Ignore SF except 1 SF

Allow use of — 155 even if an answer is evaluated
in (b)




Question

Answer Additional Guidance Mark
Number
20(d)(i) An answer that makes reference to two of the following points: (2)
o the bonding is 100% ionic / the bonding is only ionic (1) | Allow no covalent character
Allow ‘it 1s 100% 1onic’
¢ the 10ns are in contact with each other (1
e the ions are perfect spheres (1) | Allow no distortion of electron cloud of C17/
chlonde 1on
Allow no polarisation of CI~/ chloride ion
Ignore polarisation of chlorine
e the charges are point charges (1) | Allow the charge is distributed evenly across the
10ns
Question - 1
Answer Additional Guidance Mark
Number
20(d)(ii) | Anexplanation that makes reference to the following points: Allow reverse argument for M1 and M3 3)
e experimental value is more exothermic (1) | Allow more negative
Allow greater in magnitude
Ignore experimental value 1s larger / smaller
e (because the) chloride ion is polarised (by the magnesium (1)
on)
¢ giving (the bonding in) magnesium chloride some 1
covalent character (so the bonding is stronger)
Quesiioe Answer Additional Guidance Mark
Number
20(e)(i) Example of calculation 2)

e calculation of moles of BaCO: and HCL

e show that number of moles of BaCO: is less than that
required to react with moles of HC1

(n

(n

5.00+ 197.3=0.025342 (mol)

and

(120 = 1000) = 0.5=0.06 (mol)

Both correct answers with no working scores (1)
Allow use of 137 for 4; of Ba

0.02534 < (0.06 +2)/0.02534 <0.03

Allow reverse argument 1.e. HCI (0.06) 1s > 2 x
BaCOs (0.05068)

Allow TE from M1 only if it shows HCI in excess




Question
Number

Answer

Additional Guidance

Mark

20(e)(ii)

calculation of moles of BaCO; (=moles of BaCl,)
and
calculation of relative formula mass of BaCl,enH.O

calculation of formula mass due to nH20

calculation of n to nearest whole number

Alternative method

deduction of moles of anhydrous BaCl; and calculation

of mass of anhydrous BaCl,
calculation of mass of water of crystallisation

calculation of mole of water of crystallisation and n to
nearest whole number

Example of calculation

(1) | (5.00 = 197.3 =) 0.02534 (mol)

6.19 +0.02534 =244 26 (g mol™")

(1) | 24426 - (1373 +71)=35.96

(1) |(35.96 + 18 =1.9978) =2

Correct final answer with no working scores M3
only

(1) | 0.02534 % (137.3+ 71) = 52788 (g)

(1) 6.19-52788=0.9112 (g)

(1) [ 0.9122+ 18=10.05062
0.05062 + 0.02534=1.9977=2

3

(Total for Question 20 = 22 marks)
TOTAL FOR SECTION C = 22 MARKS
TOTAL FOR PAPER = 90 MARKS

Question Answer Additional Guidance Mark
Number
19(a)(i) Example of calculation: (2)
e correct use of data (1) | —285.8 x 5 (+)—771.4 (=) -2279.6 (k] mol™")
e correct answer () | (+)79.2 /79 (k] mol™")
Correct answer with or without working scores 2
TE M1
Question Answer Additional Guidance Mark
Number
19(a)(ii) Example of calculation: (2)
e > Sproducts (1) | §=products (5 x 69.9)+ 109.0 = 458.5 (J K~! mol™)
® AS =¥ Sproducts — ¥ S reactants (1) | 458.5-3004=(+)158.1/158/ 160 (J K™ mol™)

TE on M1




e Answer Additional Guidance Mark
Number
19(a)(iii) Example of calculation; 3)
e rearrangement of expression (1) | T= AH
.ﬁS@} stem
e numbers inserted into rearranged expression (1) | 7=79.2 x 1000
158.1
e calculation of temperature (1) | 500.95(K) /500.9K) / 501(K) /227.95°C / 228°C
K 1s in brackets but if converted to °C the units must be
seen
Qu@yn Answer Additional Guidance Mark
Number
19(b) Example of calculation: 4)
e calculation of mol of copper sulfate (1) | 21.36 +249.6 =0.085577 (mol)
e calculation of joules (1) | 12.3x0.085577 = (1000) = 1052.6 (J) or 1.0526 (kJ)
e rearrangement to give AT (1) | AT=1052.6 ()~ (121.36 = 3.7)
e correct answer (1) [=(-)2.344/23/2(°C)
Ignore SF
Ignore sign
Correct answer without working scores 4
B Answer Additional Guidance Mark
Number
19(c)(i) An explanation that makes reference to the following points: 2)
e enthalpy change when 1 mol of gaseous ions (1) | Do not award any reference to heat needed or
energy required.
e completely hydrated (in water)/ forms an infinitely dilute .
solution (with water)/ dissolve until there is no further Allow is completely dissolved (in water )
temperature or heat change (1) | Allow dissolved in water to produce a 1.0 mol
dm™ solution
Ignore any reference to standard conditions
Do not award dissolved in 1 mol of water
Question Answer Additional Guidance Mark
Number
19(c)(ii) 1)
¢ both bold boxes correct scores 1 { Cu¥(g) + 2CI(g)

CuClz(s) =‘[ Cu?*(aq) + 2CI7(aq)




Question

Answer Additional Guidance Mark
Number
19(c)(iii)
Asolll = (sum of) Anyaf{ — Lattice energy Allow AnyaH (Cu**) + 2AnyaH (CI7) for AnaH
OR
AsqH =— Lattice energy + (sum of) Anyaf
Question Answer Additional Guidance Mark
Number
19(c)(iv) Example of calculation
calculation of enthalpy of hydration of =2100 + — (378 x 2) = —2856 (kJ mol™")
copper(1l) chloride (1)
calculation of enthalpy of solution (1) | —2856 (—) 2811 =45 (k] mol™)
(+) 45 (kJ mol™) scores 1
Allow TE from M1 to M2
Ignore SF except 1SF
Correct answer with or without working scores 2
Question Answer Additional Guidance Mark
Number
19(c)(v) (2)

Cu" less highly charged/ less positive (than Cu™)

less strong (electrostatic) forces of attraction with
water (so less energy is released when the ions are
hydrated)

8y

(8]

Allow Cu* (has a) is larger (ionic radius) (than Cu®*)
Allow Cu* (has a) lower charge density (than Cu®*)
Do not award reference to atoms

Allow there is a weaker attraction between the Cu” ions
and water molecules.

Allow weaker bonds with water

Accept weaker ion- dipole forces with water

Do not award intermolecular forces

Do not award if there is any indication of energy required

Allow reverse argument for both points

(Total for Question 19 = 19 marks)

TOTAL FOR SECTION C =19 MARKS
TOTAL FOR PAPER = 90 MARKS




