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Q1.

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

A graph of pH against volume of acid added for an acid-base titration is shown.

14
12
10
pH 8
6
4
2

Volume of acid added

(a) Which acidic solution was used in the titration?

A 0.1 mol dm=3 CH;COOH
B 1.0 mol dm™3 CH;COOH

0.1 mol dm™ HCI

O 0O 0O O
)

D 1.0 moldm™HCI

Which basic solution was used in the titration?

S

0 A NH;

O B LiOH
0 c Ba(OH),
0 D NaOH

(c) A student suggested five indicators that might be used in this titration:

thymol blue
methyl orange
bromophenol blue
bromocresol green
phenolphthalein

How many of these indicators would be suitable? Use your Data Booklet.
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LI A 5
LI B 4
1 ¢ 3
0 Db 2
(Total for question = 3 marks)
Q2.

This question concerns acidic solutions.
(a) (i) A solution of hydrochloric acid has a pH of 1.125.

3

Calculate the concentration of hydrogen ions and of hydroxide ions, in moldm™, in this solution.

[K, = 1.00 x 10" mol*dm™°]

(ii) Calculate the volume of water which must be added to 25.0 cm? of this solution to increase
the pH from 1.125 to 1.500, giving your answer to an appropriate number of significant figures.

(b) Phosphoric(V) acid, H3PO,, is a weak acid, which dissolves in water, giving the equilibrium
Equation 1 H,PO,aqg) + H,O(l) = H,PO;(aq) + H.O"(aqg)

The H,PO; ion formed whe|n phosphoric(V) acid is added to water can dissociate
further into HPO? .

Equation2 H,PO;(aq) + H,O() = HPOi(ag) + H,0'(aq)

(i) Identify the acids and bases in the spaces below Equation 2, linking the acid-base conjugate
pairs.

(ii) Explain why very little dissociation of the H:PO: jon occurs in solutions of phosphoric(V) acid.
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(c) (i) Using Equation 1, write an expression for the acid dissociation constant, K, for
phosphoric(V) acid, H3Pg, .

(ii) A 0.500 moldm™ solution of phosphoric(V) acid has a pH of 1.20.
Calculate the value of K, , stating its units.

Assume that there is no further dissociation of the H:PO; ion.

(d) Phosphate buffer solutions containing hydrogenphosphate ions, HPOS | and
dihydrogenphosphate ions, H:PO: | are commonly used in biological research.

Explain, using a relevant ionic equation, how a solution containing these ions can act as a buffer
when a small amount of alkali is added.

(Total for question = 18 marks)
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Q3.
This question is about acids.
(a) Calculate the pH of the following acidic solutions. Give your answers to two decimal places.

(i) 0.14 mol dm™ solution of hydrochloric acid
(ii) 0.14 mol dm™3 solution of ethanoic acid (K, = 1.76 x 10 mol dm™3)

(b) The graph shows the titration curve for a weak acid with a strong base. The equivalence
point is A and the volume of alkali added at the equivalence point is C. Volume B is half of

volume C.
12 - ﬁ_'

10

4-/

B C

Volume of sodium hydroxide solution added

(i) Use the graph to determine the dissociation constant, K,, of the weak acid.

(ii) Explain the rapid rise in pH from 2.8 to 4 at the start of the titration.
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(c) In another experiment, 10 cm? of 1.0 mol dm™ sodium hydroxide was added to 30 cm® 1.0
mol dm™ propanoic acid (K, = 1.3 x 10 mol dm™).

(i) Calculate the pH of the resulting solution.

(ii) State one assumption you have made in this calculation.

(Total for question = 13 marks)

Q4.

This question is about ammonia and ammonium chloride.

(a) Ammonia is produced by reacting nitrogen and hydrogen as shown.
N2(g) + 3Ha(g9) < 2NHs(9)

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

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

Complete the table.
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Substance Mole fraction Partial pressure/atm
N
H,

NH, 0.28 56

(iii) Calculate the equilibrium constant.

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

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

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

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

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

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

NHi(g) + Cl(g)

Lattice

energy AnaH

L

NH,Cl(s)

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

AsoH =

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

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

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

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

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

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

(Total for question = 17 marks)

Q5.
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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.

When ethanoic acid and chloroethanoic acid are mixed, an equilibrium is set up.
CH,COOH + CH,CICOOH = CH,COOH; + CH,CICOO~
The Brgnsted-Lowry acids in this equilibrium are

[0 A CH.COOH and CH.CICOOH
B CH,COOH and CH.COOH:

'

L]
[1 € CH,CICOOH and CH,COOH;
[J D CHsCOOH: and CH,CICOO™

(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 4 and then mark your new answer
with a cross X.

3

A buffer solution contains ethanoic acid, with a concentration of 0.10 moldm™>, and sodium

ethanoate, with a concentration of 0.050 moldm™3.

K, for ethanoic acid = 1.7 x 107> moldm™3

The pH of this buffer solution is

L1 A 2.88
L1 B 4.47
0 ¢ 4.77
0 D 5.07

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

(Total for question = 1 mark)


https://stemup.co.uk

Q7.

A solution of sodium hydroxide of concentration 0.0080 mol dm has a pH
[1 A between 7 and 9

[l B between9and1ll

[l € between 1l and 13
L]

D abovel3

(Total for question = 1 mark)

Q8.
How are 20 cm?® of 0.05 mol dm™ H,50,(aq) and 20 cm? of 0.10 mol dm™ CH3;COOH(aq) alike?
Both solutions

A have the same pH

[1 B have the same total concentration of ions
[1 € have the same total concentration of negative ions
O D require 20 cm?® of 0.10 mol dm~ NaOH(aq) for complete reaction
(Total for question = 1 mark)
Q9.

Which indicator should be used to determine the end point in a titration of a strong acid with a
weak base?
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A universal indicator
B methyl orange

C phenolphthalein

O O O O

D litmus

(Total for question = 1 mark)

Q10.

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 .

A diprotic acid, H,A, was titrated with sodium hydroxide solution.

H,A(aq) + 2NaOH(aq) = Na,A(aq) + 2H,O0(l)

A 25.0 cm? portion of 0.100 mol dm™2 sodium hydroxide solution required 12.80 cm? of the
solution of the diprotic acid for complete neutralisation.

What is the concentration of H,A in mol dm™3?

A 256 x 1072

0 B 9.77 x 1072
[0 € 1.95x 107}
O b 391x10!
(Total for question = 1 mark)
Q11.

The compound lactic acid can be synthesised from ethanal in two steps.
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H H
i | |
/ Step 1 Step 2
HBC— C ————= HC C CN - H3C— C —— COOH
. KCNand HCN ‘ ‘
0
OH OH
ethanal lactic acid

(a) (i) Give the mechanism for Step 1. Include curly arrows, and any relevant lone pairs and
dipoles.

(ii) A student predicted that the product of Step 1 would rotate the plane of plane-polarised
light.

Comment on this prediction.

(iii) Complete the table that summarises information about Step 2.
State symbols are not required for the equation.
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Conversion of CH,CH(OH)CN to lactic acid

Reaction type

Reagent

Conditions

Equation

(b) Sodium hydrogencarbonate, NaHCO; , has been used by some athletes to help prevent lactic
acid causing muscle pain during exercise.

Write an equation for the reaction between sodium hydrogencarbonate and lactic acid.

(c) Sodium hydrogencarbonate is part of a buffer in the body that controls the pH of blood. Two
of the equilibria involved in this process are shown.

Equilibrium 1 HCO; + H,0" = H,CO, + H,0
Equilibrium 2 H,CO, = CO, + H,0

(i) Use the equilibria to explain how the buffer keeps the pH of blood nearly constant when a
small increase in the concentration of hydrogen ions occurs.
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(ii) The pH of a blood sample was found to be 7.41.
Calculate the ratio of the concentration of HCO; to H,CO; in the blood sample.

H,CO, + H,0 = HCO; + H,0*
K,=4.50x 10" moldm™

(Total for question = 18 marks)

Ql2.
This question is about ethanoic acid and some of its compounds.

(a) Three students, A, B and C, carried out an investigation to determine the amount of isoamyl
acetate, an ester of ethanoic acid, in a banana food flavouring.

They hydrolysed the ester with excess sodium hydroxide solution.

CH,COOCH,CH,CH(CH,), + NaOH — CH,COONa + (CH,),CHCH,CH,0H

The amount of sodium hydroxide remaining was determined by titrating the reaction mixture
with hydrochloric acid.

(i) Give the systematic name for isoamyl acetate.

(i) 6.06 x 1073 mol of sodium hydroxide reacted with the ester present in 1.07 g of the
flavouring.

Calculate the percentage by mass of the ester in the food flavouring.

(iii) The students used 25.0 cm? of sodium hydroxide solution with concentration 0.980 mol dm™
for the hydrolysis.

Calculate the pH of the reaction mixture when the hydrolysis is complete. Assume the total
volume is 25.0 cm?.

[lonic product of water, K, = 1.0 x 10" mol’dm]

(iv) Two indicators, methyl orange and phenolphthalein, were available for this titration.
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Student A thought only methyl orange could be used.
Student B thought only phenolphthalein could be used.
Student C suggested either indicator could be used.

Explain which student is correct.

(v) Describe how the sodium ethanoate in the final reaction mixture could be converted into
ethanoic acid.

(b) Ethanoic acid can be used to form buffer solutions.

(i) Calculate the pH of the buffer solution formed when 50.0 cm? of ethanoic acid with
concentration of 0.150 mol dm™ is mixed with 30.0 cm?® of sodium hydroxide solution with
concentration of 0.142 mol dm™3.

[K, for ethanoic acid = 1.70 x 10~ moldm™]

(ii) Small amounts of sodium hydroxide and hydrochloric acid are added to separate samples of
the buffer solution in (b)(i).

Explain why these samples resist change in pH.

[llustrate your answer with at least two equations.
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(Total for question = 20 marks)

Q13.

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

answer with a cross X.

The graphs show the changes in pH during a series of titrations.
Each titration involves two solutions, each of concentration 0.1 mol dm™3.
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|
0 10 20 30 40

Volume of solution added / cm®

Graph 3

14 -
12-
10-

0+ :
0 10 20 30 40

Volume of solution added / cm?

Graph 2

0 10 20 30 40
Volume of solution added / cm®

Graph 4

14

| |
0 10 20 30 40

Volume of solution added / cm?

(a) Which graph has ethanoic acid as one of the reactants?

L1 A Graph1l
1 B Graph2
[l € Graph3
[l D Graph4
(b)

[l A Graph1l
[0 B Graph?2
[0 € Graph3
[l D Graph4a

Which graph shows a solution that has an acidic pH at the end-point?

(c) Which indicator is suitable for the titration shown in Graph 37

Use your Data Booklet.
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A bromocresol green
B bromothymol blue

C phenol red

O O O O

D thymol blue (acid)

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

(Total for question = 3 marks)

Q1l4.
This question is about compounds with the molecular formula CgH;,0,.
(a) Hexanoic acid, CsH;;COOH, is a weak acid.

(i) Write the equation for the acid dissociation constant, K,, of hexanoic acid.

(ii) Calculate the pH of a 0.100 mol dm™ solution of hexanoic acid.

[pK, of hexanoic acid = 4.88]

(iii) The solubility of hexanoic acid in water is 1.08 g per 100 g of water.

The isomer of hexanoic acid, butyl ethanoate, CH3;CO,C,Hq, has a solubility of 0.68 g per 100 g of
water.

Explain the differences in these data in terms of the hydrogen bonding between hexanoic acid
and water, and between butyl ethanoate and water.
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(b)(i) Compound A is thought to be another isomer of hexanoic acid.

10 g of compound A is found to contain 6.21 g of carbon and 1.03 g of hydrogen, with the
remainder being oxygen.

Use the data to calculate the empirical formula of compound A.

You must show all your working.

(ii) State how you might use your answer to (b)(i) and a mass spectrum of compound A to
prove that compound A is an isomer of hexanoic acid.

*(iii) A series of tests was performed on compound A.

Test Observation
1 | addition of phosphorus(V) chloride misty fumes
2 | addition of 2,4-dinitrophenylhydrazine orange precipitate
3 | addition of Benedict’s or Fehling's reagent solution remains blue with no precipitate

4 | addition of acidified potassium dichromate(VIl) | solution remains orange

5 | test using polarimetry plane of plane polarised light is rotated

Deduce the structure for compound A.
Justify your answer by using all the test results.
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(c) Compound B, another isomer with the molecular formula CgH;,0,, contains a ring of six
carbon atoms.

The carbon-13 NMR spectrum has only two peaks, one of which is at 69 ppm.

Draw the structure of compound B.
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(Total for question = 20 marks)

Q15.

Which two solutions, both of concentration 0.10 mol dm=, have been used to produce this
titration curve?

14 -
-
II
|
pH 7 - _a'l
e
L~ -
0
Volume of alkali added
[l A HCl(ag) and KOH(aq)
[l B HCOOH(ag) and KOH(aq)
[ € HCl(ag) and NH5(aq)
[l D HCOOH(aq) and NHs(aq)
(Total for question = 1 mark)
Mark Scheme
Q1.
Q | Correct Answer Mark
(a) | The only correct answer is C (0.1 mol dm— HCI) 1

A is incorrect as final pH would be greater than 2 (weak acid)

B is incorrect as final pH would be greater than 2 {weak acid)

D is incorrect as final pH would be less than 1 (strong acid)
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Q2.

Correct Answer

Mark

(b)

The only correct answeris A (NH:)

B is incorrect as strong base so vertical section would begin at a

higher pH / curve has a buffer region

C is incorrect as strong base so vertical section would begin at a
higher pH / curve has a buffer region

D is incorrect as strong base so vertical section would begin at a

higher pH / curve has a buffer region

Correct Answer

Mark

(c)

The only correct answer is C (3)

A is incarrect as only methyl orange, bromophenol blue and bromocresol
green would change colour in the
vertical section of the ‘curve’

B is incorrect as only methyl orange, bromophenol blue and bromocresol
green would change colour in the

vertical section of the ‘curve’

D is incorrect as methyl orange, bromophenol blue and bromocresol
green would change colour in the vertical

section of the ‘curve’
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Question

- i Answer Additional guidance Mark
Number
{(a)(i) Example of calculation (2)
+ Calculation of hydrogen ion ([H]= 1U'PHJ

concentration (1)

# Calenlation of hydroxide ion

[H]=0.074989 / 0.075 / 7.4989 x 10 (mol dm™)

Do not award just [H] = I

concentration (1) ([OHT=10x 10"+ 0.074080)

[OH]=1.3335 x 10" {mol dm™)
Allow = 1x 10747
Allow 1 mark for correct unidentified concentrations
whatever order they are given
Iznore SF except 1 SF

Q_I:IESTlD]ll Answer Additional guidance Mark

Number

(a)(ii) Example of calculation 4)

+ Calculation of moles of H in
original solution (1)

* (alculation of concentration of H™
in new solution (1)

+ (Calculation of volume of new
solution (1)

+ (Calculation of volume of water
needed to add giving answer to 2
or 3 SF (1)

OR

* (Calculation of change in pH

(1)

* (Concentration of change of
concentration of H™ (1)

+ Calculation of volume of new
solution (1)

* Calculation of volume of water
needed to add giving answer to 2
or 3 SF (1)

=0.0749890 x 25 = 1000 = 0.0018747 / 1.8747 x 107
(mol)

[H]=10"/0.031623 / 3.1623 x 107 (mol dm™)

0.0018747 = 0.031623 = 0.059284 (dm")

50284 —25.000 = 34.29284 (cm?)
=343/34 (cm®)

[H7=10"" /042170 / 4.2170 x 10" (mol dm™)
=25+042170 = 50284 (em?)

50.284 - 25.000 = 34.20284 (cw®) =343/ 34 (co)
Allow 0.034 / 0.0343 dm’

Allow TE throughout including from {a)(1)
Correct answer with no working scores (4)

Ignore SF except 1 SF until final answer
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qu““m.l Answer Additional guidance Mark
Number
(b)(D) (2)
* Any two correct acid | .2
or base
(1) H.POz{ag) + H,O(l) = HPOI7{ag) + H:OY(ag)
+ All four comrect acid Conjugate Conjugate
and base plus Acid Basze Base Acid
indication of pairings
(1
OR
acid base basze acid
.......... | ——

linked in some way to show pairs (eg as shown) scores (2)

Just

acid base base

scores (1)

acid

E:E:E::l Answer Addirional guidance Mark
(b)ii) An explanation that makes reference to the following (4]
points: Allow hydronium / hydroxonium
» oxonium / H:O™ ion produced in first dissociation | ion/ H”
1
» (prevents further dissociation by) pushing second
equilibrium to the left. (1)
Question . :
Number Answer Additional guidance Mark
{exd) 1

« Correct expression for Ka

_ [H:POL((2q))][H:0"((aq))]
[H:POs((aq))]

Allow use of H instead of H;O™

Ka

Do not award the charge outside of the square bracket
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Question
Number

Answer

Addirional guidance

Mark

(c)(i)

» Calculate hydrogen ion

Example of calculation:

concentration (1) 107

* States i
[H:PO3((aq))] = [H:0™((ag))] . = [H: O™ ((aq))]”
or shown in the expression for T [HPOs((aq)]
KEa ()
EKa = (0063096’ = 00039811

* Calculates K (1)

remaiming marks

=107,/ 107 / 0.063006 / 6.3096 x 107" /0.0631 /631 x

Do not award 0.0630 but TE can be awarded for the

Allow TE for an incorrect expression for Ku

)

ALLOW

0.500 — 0.063096 0.43690

= 0.0091121/9.1121x 10° /0.00911 / 9.11 x 107

Use of assumption [H;POs(aq)] = 0.500

=0.0079621 / 7.9621 x 107 / 0.00796 / 7.96 x 107

Correct value with no working scores (3)

* Units (1)
mol dm™
Correct answer with no working and correct units scores (4)
Ignore SF except 1 ST but allow 0.5 for concentration
Question | , Additional guid Mark
Number Answer Additional guidance Ma1
(d) An explanation that makes reference to the following (3)

points:

* The mixture contains a (large) reservoir / high
concentration of both
phosphate 1ons / of hydrogen phosphate and
dihydrogen phosphate ions / of H,PO; and HPO3~
(1)

Either

s Added OH™ combines with H™ to form water /
H +0H™ — H.0
AND
Dihydrogen phosphate 1on / H,PO3 dissociates to
form more H™ / H,PO; = HPO: + H”

Or

Added OH™ reacts with dihvdrogen phosphate ion (to
form
water) / OH™ + H,PO; = HPO; + H:0 (1)

+ (pH changes very liftle because added OH ™ is
removed) and change in concentration of H,PO} and

I—IPD_:{ is small / ratio [salt)/[acid] hardly changes
(1)

Allow large amount /
abundance

For this mark to be scored at
least one ionic equation is
required

If the equilibrium is given
allow “added OH™ causes
the equilibrium to move to
the right’

Allow pH 1s unchanged
Allow ratio changes a little /
changes slightly

Ignore there is no change in
concentrations / the ratio is
unchanged
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Q3.

Question | Answer Additional guidance Mark
number
(a)(i) « pH=(0.85387) = 0.85 1
Question | Answer Additional guidance Mark
number
(a)(ii) Example of calculation: 3
» re-arrangement of K, expression (1) | [H']*= K, [HA]
= calculation of [H'] (1) | [HT=1.76 < 107 x 0.14
=2.464 = 10°®
[H] = (1.76 = 10°° = 0.14)
=1.5697 = 1072
pH = (2.8042) = 2.8(0)
« calculation of pH (1)
calciation ot p Penalise not to 2DP once only in (a)(i)
and (ii)
Correct answer with no working
scores 3
Question | Answer Additional guidance Mark
number
(b)(i) Example of calculation: 3
» at half equivalence point, pH = pK, (1)
* reads off pH from graph (1) [=4.8
Allow 4.5 to 5.2
+ calculates K,
(1) | K, = 107" = 10**=
1.6 % 10 (mol dm®)
Allow answers in the
range
6.3 10° to 3.2 x10°
Question | Answer Additional guidance Mark
number
(b)(ii) 2

«  [HA] ==[A-]

(1)

Allow for 1 mark

 ratio [A-]:[HA] changes (significantly) in this (1) | “not buffered’

region
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Question | Answer Additional guidance Mark
number
(e)(i) Example of calculation: 3
+ calculation of [HA]/[A-] = 2/1 (1) | HA] = 1.0 = 20 + 40 = 0.50
[A1=1.0=10+40= 0.25
ar
any recognition that
[HA]/[A] =211
e correct calculation of [H] = 2.6 = 10° (mol (1) | [H] = 2.6 » 10 (mol dm~)
dm™)
« correct calculation of pH (1) | pH = 4.6/4.59/4.58
Correct answer with no
working scores 3 marks
Question | Answer Additional guidance Mark
number
(<)(ii) * no H* ions come from (ionisation of) water 1
or
[aCid]iri:ial = [aCid]eqm
Q4.
Question Answer Additional Guidance Mark
Number
(a)i) (1
Kp = piNH: Allow round or no brackets
Ny pH: Allow upper case
£ Allow pp/PP
Allow
p(NHz)2
pNH=n
etc
Ignore units even if incorrect
Do not award square brackets
Question Answer Additional Guidance Mark
Number
(a)(ii) (3)
s mole fraction of N» (1) | Example of completed table
; : ' i /
e mole fraction of Hy (1) Substance | Mole fraction Partial pressure/atm
» both partial pressures (1) N 0.18 36
H,; 0.54 108
NH: 2 6
TE for M3 on calculated mole fractions multiplied by 200
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Question Answer Additional Guidance Mark
Number
(a)(iii) | An answer that makes reference to the (3)
following points: Example of calculation
(1) 56° + (1087 = 36)
*  correct use of K; expression
(1) | 7or6.9x107%/0.00007 or 0.000069
* correct answer and 1 or 2 SF Allow 35F
6.92 = 107°/0.0000692
Do not award 7.0 = 1072 / 0.000070
(1) | atm-
*  correct umnits
Allow TE from (a)(1) and {a)(11)
If mole fractions are used for the
calculation max score 1 for the
correct answer and 1-3 SF
Correct answer with or without
working scores 3
Question Answer Additional Guidance Mark
Number
(a){iv) | An answer that makes reference to the Allow reverse argument (2)
following pomts:
»  the (forward) reaction 1s/ must be
exothernuic 1)
Allow favours forward
reaction/shifts to the product side
*  (more ammomia shows that) the
equilibrivm has moved/shifted to the
nght
Allow Epincreases/eqm constant
OR a INCTEASES
(more ammomia shows that) a new &5
15 established which 1s larger Tenore just ‘more ammonia
produced” or “vield increases”
Question Answer Additional Guidance Mark
Number
(b)(@) 1)
* NH:"(aq)+ Cl(aq) Do not award NHy"Cl (aq)
Do not award NHaCl(aq)

Do not award any other state symbols
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IQuestion Answer Additional Guidance Mark
Number
(b) i) _ u)
® Al H= AwaH - Lattice Energy | Allow LE for Lattice Energy
or Allow A,y H = — Lattice Energy + hydration enthalpies
A H = —Lattice Energy + Apa H | Allow A;q H = — Lattice Energy + hydration enthalpies
Allow A Huyg efc
Ignore standard signs
Question Answer Additional Guidance Mark
Number
(b)(iid) Example of calculation (2)

enthalpy change of hydration (1)
of ammonium

chlonde

(1)

enthalpy change of solution

—307 + (—378) = —685 (kI mol™")
Allow (kJ mol™)

705 + (—685) = (+)20 (kJ mol™)

Allow TE on anithmetical errors
Do not award use of incorrect expression

Correct answer with or without working scores 2
Units are not required but if wrong penalise
only once.
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Question Answer Additional Guidance AMark
Number
(b)(iv) | An explanation that makes reference to three of 3)
the followimg points
+ M1 Tl?.& brqmide (1on) 1s larger than the (1) | Allow bromine ion larger than the
chloride (1on) chlorine 1on
Do not award larger atomic radius
And any 2 of the following
* M2 hydration enthalpy of the brommude (1) | Allow smaller/lower
1on less exothermic/less negative (than Allow hydration enthalpy of
the chloride) bromine would be less
exothernuc/less negative (than the
chlorine)
Allow hydration enthalpy of
ammonium bromide would be less
exothermuc/less negative (than
ammeonium chloride)
» M3 lattice energy of ammonium (1) Allow smaller/lower
bromide would be less exothermic/less
negative (than ammomum chlonide)
* M4 the enthalpy of solutions depends (1) | Accept because we don’t know the
on the values of both hydration and magnitude of the reduction in
lattice energies (so the enthalpies of hydration and lattice energies it 15
solution not possible to assess the overall
should be smular) effect
Allow reverse arguments for MP1,
MP2 and MP3
Ignore any reference to reactivity,
polanisation and charge density
Question Answer Additional Guidance Mark
Number
(<) 1)

NH: + H:0 —» NH; + H:O™

Ignore NH,C1 >

Do not award NH:C1

Do not award NH.Cl

Accept NHs™ —» NH: +H'

Allow eqm sign

NI, + CI”

Ignore NHiCl +aq —» NH: +CI

Ignore state symbols even 1if ncorrect

Do not award NH:Cl + aqg —* NH: + HCI

» NH; +HCI

Do not award NH: + OH—» NH; + H:0

» NH: +H +CI”
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Q5.

Q6.

Q7.

Question | Answer Mark
number
The only correct answer is C (CH2C1COOH and CH;COOH:™) D
A is incorrect because ethanoic acid accepis a proton in this system so is a base
B Is incorrect because ethanoic acid accepis a proton in this system so is a base
D is incorrect because CH,CICOQ™ is a base
Question Answer Mark
Number
The only correct answer is B (4.47) (1)
A iz mcorrect because this answer assumes the concenfration gf ethanoate fon =
concenfration of hydrogen ion (as it would be in a weak acid calculation)
C is incorrect because this answer is —logKa so does not consider the concentrations
D is incorrect because this answer is —log(2xKa) which has the concentrations upside down
‘Question | Answer Mark|
Number
1

The only correct answer is C (between 11 and 13)

A is incorrect the solution is a strong base whose concentration is > 1x10™* mol dm™?

Bisincorrect the solution is a strong base whose concentration is > 1x10™ mol dm™

D is incorrect the solution is a strong base whose concentration is < 1x10~! mol dm—2
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Q8.

Q9.

Q10.

Q11.

‘Question | Answer Mark
Number
The only correct answer is D (require 20 cm® of 0.10 mol dm™ NaOH (aq) to react 1
completely)
A is incorrect as one acid is strong, the other is weak
Bis incorrect as the solutions have different concentrations and ethanoic acid is
a weak acid
Cisincorrect as the solutions have different concentrations and ethanoic acid is
a weak acid
Question | Answer Mark
number
B methyl orange 1
Question Answer Mark
Number
The only correct answer is B (9.77 x 1072 (mol dm™)) (1)

A is not correct because the two volumes have been reversed

C is not correct because a mole ratio of 1:1 has been used instead of
I mol of acid : 2 mol NaOH

D is not correct because a mole ratio af 2 mol of acid : 1 mol NaOH has been used
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Q Acceptable Answers Additional Guidance Mark
(a)(i} | » arrow from lone pair on carbon of 4
cyanide ion to carbonyl carbon (1)
« dipoles on carbon and oxygen in carbonyl
bond and arrow from
carbonyl bond to oxygen or just beyond (1)
¢ structure of intermediate, including charge | Penalise absence of lone pair
{1) | only once in M1, M3 and M4
« arrow from lone pair of oxygen If HCN used to protonate in
in intermediate to hydrogen ion / H step 2, dipole on HCN and
in HCN (1) curly arrow to break HCN
bond are notrequired
lgnore product
/H
-+
HyC——C. 0 H

5"

‘CN

O N
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Q

Acceptable Answers

Additional Guidance

Mark

(a)(ii)

The prediction is incorrect because

¢ ethanal is planar around
the carbonyl carbon atom /
planar around the CHO (1)

¢ (s0in Step 1) the (carbonyl)
carbon can be attacked from
above or below (1)

+ hence both stereoisomers

(of intermediate / product) will
form in equal amounts

or

50 product mixture is racemic /
rotates the plane of plane-

polarised light equally
(1)

in both directions

Accept planar at the site of the
nucleophilic attack / planar about C=0

Do not award planar molecule / cation /
intermediate

Allow attack from any direction / either
side

lgnore ‘has no effect on the plane of
plane-polarised light’

lgnore comments related to SN1 or SN2

If no other mark scored allow 1 mark for
idea that product will rotate plane of
plane polarised light as it has a chiral
centre / carbon
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Q Acceptable Answers Additional Mark
Guidance
(a)(iii) 4
« hydrolysis (1)
« (dilute) hydrochloric acid / HCI((aq)) (1) Allow any

OR

OR

+ NH4ClI
OR

and

CH3CH(OH)COO™ + H* -

¢ heat (underreflux)/ reflux

— CH3CH(OH)COOH

(1)

s CHsCH(OH)CN + 2H20 + H* — CH3sCH(OH)COOH + NHs*

(1)

CHaCH(OH)CN + 2H:20 — CH3CH(OH)COOH + NH3

CH3CH(OH)CN + 2H;0 + HCI — CH3CH(OH)COOH

CH3sCH(OH)CN + Hz0 + OH- — CH3CH(OH)COO™ + NHs

strong acid by
name or formula
Allow

sodium hydroxide
followed by any
(strong) acid
Ignore conc /
concentrated
Allow ‘boil’

for heat

Allow NaOH for
OH

Allow HCI for H*

Ignore state
symbols even

if incorrect

Q | Acceptable Answers

Additional Guidance

Mark

(b)

OR

¢ CH3CH(OH)COOH + NaHCOs —
CH:CH(OH)COO-Na* + H,0 + CO:

H* +HCOs™ — H:0 + CO;

Allow CH3:CH(OH)COONa
Allow Hz2CO;

Ignore state symbols even if
incorrect
Do not award if covalent bond
shown between O and Na
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Acceptable Answers

Additional Guidance Mark

(e)i)

» (large concentration of) HCOs-
react with (extra) H* ions (1)

¢ equilibrium 1 moves to the RHS
to keep concentration of H*
ions constant / H2COs forms to
keep concentration of H* ions
constant (1)

¢ equilibrium 2 moves to RHS to
form COz (which can be excreted
from the body) / H2COz then
forms CO:z (and water) (1)

Allow ratio of [HCO:-] to [H2C O3] 3
remains constant/ ratio of [salt] to
[acid] remains constant

Allow H3O* for H*

Allow equilibrium 1 moves to the
RHS to remove excess HY ions /
H2CO: forms to remove excess H*
ions

If no reference to H* and CO2z in M2
and M3 but direction of movement
of equilibria are correct in both
cases, allow 1 mark

Acceptable Answers

Additional Guidance

Mark

(c)(ii)

« calculation of
[H*]/ [Ha07]

s Ka expression

(1
(1)

* rearrangement of
Ka expression and
calculation of

[HCOs]: [H2C03] (1)

OR
« calculation of pKa

(1)

+ Henderson Hasselbach
expression (1)

* rearrangement of
Ka expression and
calculation of

[HCO=+]:[H2C03] (1)

[H7]=10-"41/=3.8905x 105

Ka=[HCO37][H"] Allow [HzO0*] in Ka

[H2C O3]

Do not award [Hz0] in Kaexpression

[HCO=] : [H2C O3]
=45x107=38905x102=11567:1=116 (1)
Ignore SF except 1
Allow correct rounding of [H] to 3.9 x 10-¢
Allow 1 :0.086444 if it's clear that

1 relates to [HC Oz
pKa=—log 4.5 x 10-" = 6.3468

pH = pKs + log([HCOz7] o[H2C0O3])

7.41 - 6.3468 = log([HCO=] o[H2C03])

[HCOz] : [Hz2COz] = 11.567 (- 1)

Correct answer with no working scores (3)
If final answer close, check for and allow
correct rounding

(Total for Question = 18 marks)
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Q1l2.

Question |Acceptable Answers Additional Guidance Mark
Number
@f |3 Allow butanyl for butyl Do not award |1
methylbutyl ethanoate butanoyl Allow methly formethyl
or
3-methyl-1-butyl ethanocate
Question |Acceptable Answers Additional Guidance Mark
Number
@)(ii) Example of calculation 3
» Calculation of M, of ester (1) M; of ester = 130
+ Calculation of mass of ester (1) Mass of ester = 6.06 x 107 x130
=0.7878 (g)
TE on incarrect Mrof ester
« Calculation of percentage of (1) % of ester = (0.7878/1.07) x 100 =73.6 %
ester Allow 73.8% as M2 rounded to 0.79
Correct answer with no working scores
3 marks.
Allow TE from M2 Ignore SF except 15F
Question |[Acceptable Answers Additional Guidance Mark
Number
(a)(iii) Example of calculation 3
« Calculation of mol of excess sodium Excess amount of sodium hydroxide =
hydroxide (1) {0.025 x 0.980) — 6.06 x 10 = 0.01844
(mol)
s Calculation of concentration of Concentration of excess sodium
excess sodium hydroxide (n hydroxide
= 0.01844/0.025
= 0.7376 (mol dm™ ) allow TE from M1 if
some attempt at subtraction
+ Calculation of pH to at least 1dp (1) pH = 14—{-log(0.7376)) = 13.8678 = 13.9
allow TE from M2 if pH is greater
than7
and less than or equal to 14
Allow 1 mark for pH =13.99 (based on
0.98 mol dm™ NaOH)
Question |Acceptable Answers Additional Guidance Mark
Number
(a)iv) |« student C is comrect as the titration is Allow A and B are incorrect 2
between a strong acid and a strong base (1)
+ Both methyl orange and phenolphthalein |(Allow both pKinvalues /frange of
change colour at equivalence /vertical indicators are within vertical section
section ofthe graph (1) (of the graph)
If values are quoted they must be
comect PP=93;MO=37



https://stemup.co.uk

Question
Number

Acceptable Answers

Additional Guidance Mark

(@)V) | Add (excess) HCl(aqg) (1)

Allow ‘add a strong acid’ 1
Allow name or formula of any strong acid but
if both are given, both must be correct
Ignore references to dilute / conc / heat /
reflux

Question |[Acceptable Answers Additional Guidance Mark
Number
(b)(i) Example of calculation 3
M1 Calculates moles of (1) |Moles of NaOH = moles of CH:COONa =
= -3
CH,COONa/ NaCH (30/1000) x 0.142 = 4.26 x 10 (mol)
M2 Calculates moles ofexcess (1) Moles of excess CHzCOOH = [(50/1000) x
0.15] - 4.26 x 10°* = 3.24 x 10 (mol)
CHaCOOH
M3 Calculates / shows ratio of [CH:COOH] = 3.24 x 107/ (80/1000) =
[CHsCOOH] to
[CHaCOOMNa] OR ratio of moles 0.0405 (mol dm™)
CHzCOOH to (1
CH3COONa
[CH:COONa] = 4.26 x 107/ (80/1000) =
0.05325 (mol dm™?)
0 0.0405/ 056325
Allow ratio using moles as V cancels
MOTE can be subsumed in M4
M4 re-arranges Ks or pks expression [H*]=1.70 x 10% x (0.0405/0.05325) =
correctly and 1.29 x 10°° (mol dm™)
substitutes appropriate values to find [H*]
(1
Or
pH=pKa — log([acid]/[base]) /
pH= 4.77-log (0.0405/0.05325)
M5 Calculation of pH (1) |pH=4.89
Correct answer with no working scores &
marks
Ignore SF except 15F
Allow TE throughout
Comment 4.52 will score 4 (omission of
subtraction)
Question [Acceptable Answers Additional Guidance Mark
Number
(b) (i) |M1 (Large) ‘reservoir of CHsCOOH and CHsCOO— (1) ]
M2 The OHions react with CH:COOH 7 H* ions (1)
M2 H*+ OH— — HO If both equations given
or both must be correct
CH3COOH + OH™— CH3COO ™+ H20 )
M4 The H* ions react with CHsCOO— ar If equation given must be
H* + CHaCOO— = CHsCOOH 1) correct
M5 The ratio of acid to base remains (almost) constant (1) [Allow base/salt remains
(almost) constant
Allow [H'] remains(almost)
constant
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Q13.

Q14.

Question | Answer Mark
Number
@ o (M
The only correct answer is D - ™,
pil
"— -
Vi (11 ':.-:Illl -v-l |--:I..II\-JI o
A is incorrect because, if the graph starts or finishes at a pH of about 1, a strong acid is
present
B is incorrect because, if the graph siarts or finishes at a pH of about 1, a sirong acid is
present
C is incorrect because, if the graph starts or finishes at a pH of about 1, a strong acid is
present
Question | Answer Mark
Number
(b) ; 1
The only correct answer is C ‘ )
i
R
Ve har ol dm * sshasn abded | o
A is incorrect because the mid-point of the vertical portion of the graph isatpH =7
B is incorrect because the mid-point of the vertical portion of the graph is atpH =7
D is incorrect because the mid-point of the vertical portion of the graph is at pH = 7
Question Answer Mark
Number
ic) The only correct answer is A (1)

B is incorrect because the range of colour change for bromothymol blue (6.0 —7.6) is not
within the vertical portion of the graph

C is incorrect because the range of colour change for phenol red (6.8 — 8.4) is not within the
vertical portion af the graph

D is incorrect because the range of colour change for thymol blue (acid) (1.2 — 2.8) is not

within the vertical portion of the graph



https://stemup.co.uk

Question Answer Additional Guidance Mark
Number
(a)(i) | An answer that makes (1)
reference to the following
points:
Accept [CH3CHzCH2CH2CH2COz7]
e K. = [CsHi;COO][H™] and [CHzCH2CH2CH2CH2COzH]
[CsH11COOH] Accept [Ha07] instead of [H™]
Accept other representations of
the chain of hexanoic acid /
hexanoate ion, such as
[CH3(CH2)«CO0-]
Ignore equation for dissociation
Do not award
[H*]%/[CsH11:COOH]
Do not award brackets that are
not square brackets
Do not award molecular
formulae
Question Answer Additional Guidance Mark
Number
(a)(ii) Example calculation (4)
*  Uses (1) | Ka = 1075 J K, = 10-%88 [ pK, = -
expression for logioKs / 4.88 = -loguoKs /
pK= K = 0.000013183 / 1.3183 x 103
(1)
» use of K; 1048 / 1.3183 x 103 /
expression 0.000013183 = [H*]?
(1)
0.1
= rearrange and
solve for H™ (1) | [H*] = V0.000013183 x 0.1 =

« find pH

0.0011482 / 0.00115/ 1.1482 x 103
/ 1.15 x 1073 (mol dm™)

pH = -logy[H*] = 2.94 / 2.9400

Do not award M4 with units

Final correct answer with no working
scores (4)

Final correct answer scores (4)

Allow TE at each stage

Omitting the square root gives 5.88

scores (3)
Use of 4.88 for K. gives 0.1558 scores

(3)

Ignore SF except 1 SF
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Question Answer Additional Guidance Mark
Number
(a)(iii) | An answer that makes All marks may be scored (3)
reference to the following with a diagram or diagrams
points:
Allow hexanoic forms two

» hexanoic acid forms (1) | hydrogen bonds per
more hydrogen bonds molecule but butyl
(per molecule) with ethanoate forms only one
water than butyl
ethanoate does

(1)

« hexanoic acid has an -
OH group which forms (1)
hydrogen bonds (with
water)

Ignore references to the

« butyl ethanoate / strength of the hydrogen
hexanoic acid has a C=0 bonds
group which forms Ignore all references to
hydrogen bonds (with other intermolecular forces
water)

Question Answer Additional Guidance Mark
Number
(b)(i) Example calculation (3)

+ calculate mass
of oxygen

 divides masses
by atomic
mass

« divides by
smallest to
find the
simplest ratio

and
correct

empirical
formula

(1)
(1)

(1)

Mass of O = 10 - 6.21 - 1.03 = 2.76(g)

Element |C H O
Mass 6.21 1.03 2.76
Mass / 6.21/ 1.03/ | 2.76/
Atomic 12 = 1= 16 =
Mass 0.5175 [1.03 0.1725
Ratio 3 6 1
Cs;HsO

Correct answer with mass/atomic mass
ratios calculated scores (3)

Do not award CsH120- stated as
empirical formula

Ignore SF

Ignore reference to CgHy20; after
finding empirical formula

Allow 1 mark for CHz deduced without
finding the mass of oxygen

Allow max 1 mark for incorrect masses
of oxygen divided correctly by atomic
mass

Correct answer with no working scores

(1)
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Question Answer Additional Guidance Mark
Number
(b)(ii) | An answer that makes reference (1)
to the following points:
« molecular ion peak / peak
at highest mass will be at
twice the mass of the Ignore references to n.m.r
empirical formula / will be or i.r.
at 116
Question
Number Answer Additional guidance Mark
(b)(iii) | This question assesses a student’s ability | Guidance on how the mark (6)

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
indicative marks awarded
marking points | for indicative
seen in marking points
answer
6 4
5-4 3
3-2 2
1 1
0 0

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

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

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

In general. an answer with 5 or 6 IPs
would score 2 reasoning marks, 3 or 4
IPs would score 1 reasomng mark, 0,
1 or 2 IPs would score 0 reasoning
marks.
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L
Number of marks| | it there is any incorrect
awardeu_j for chemistry, deduct mark(s)
structu_le of from the reasoning. If no
f”s‘”‘?' ?jnﬁ . reasoning mark(s) awarded,
sustained line o do not deduct mark(s).
reasoning
Answer shows a coherent and 5
logical structure with linkages -
and fully sustained lines of
reasoning demonstrated
throughout.
Answer is partially structured 1
with some linkages and lines of
reasoning.
Answer has no linkages between 0
points and is unstructured.
Candidates may treat each
test separately or may build
on each test. Accept
statements in any order.
Indicative content
Accept alcohol or carboxylic
acid group present (must
« IP1 Misty fumes suggest OH state both)

group present

is present

« IP2 Orange precipitate suggests a | Ignore C=0 is present
carbonyl group is present (so no
carboxylic acid, must be alcohol)

= IP3 (Negative) Benedict's / but not both
Fehling’s reagent suggests no
aldehyde group present / a ketone

Accept ketone or aldehyde
present (must state both

Accept just ‘no oxidisable
groups present / cannot be
oxidised’ in either IP3 or IP4

Allow tertiary alcohol is
present
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IP4 Acidified potassium
dichromate(VI) suggests not a

primary, a secondary alcohol or an
aldehyde present

IP5S Polarimetry indicates a chiral
centre is present / it is a chiral
molecule

IP6 Structure of 3-hydroxy-3-
methylpentan-2-one

Accept just no primary or
secondary alcohol present
Ignore references to ketone
and carboxylic acid giving no
result

Ignore Sy2

Allow 4 different groups on a
carbon

Allow optically active

Allow contains a single
enantiomer

Allow the correct name
Allow displayed or structural
formula or combinations
Allow contractions such as

Iil CH;- C3Hs-
H—C—H
Yooy
H—C—C—C=—C—C=—H
HRERE
O
OH
Question Answer Additional Guidance Mark
Number
(c) An answer that makes (2)
reference to the following
points:
(1) | Do not award an —OH group

+ a structure containing
two -0OH groups

+ correct structure

and a -COOH group

Award this mark even if the
structure does not contain a
ring of six atoms.

(1)
OH

HO

Structure may be skeletal or
displayed or a mixture, as
long as it is clear. Allow, for
example, a displayed formula
with condensed CH,.

Ignore connectivity of -OH
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Q15.

Question | Answer

Mark
Number

The only correct answer is B (HCOOH(ag) and KOH{ag)) 1

A is incorrect as both the acid and base are strong
Cis incorrect as the acid is strong and the base is weak
D is incorrect as both the acid and base are weak
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Ql.
This question is about methanoic acid and propanoic acid.

(a) A student carried out a titration to find the concentration of an agueous solution of
potassium hydroxide.

25.00 cm? of 0.150 mol dm™2 aqueous methanoic acid was pipetted into a conical flask.
Potassium hydroxide was added from a burette while measuring the pH. The titration curve is
shown.

14
13
12
11
10

0 T | 1 T T | T T T T
0 5 10 15 20 25 30 35 40 45 50

Volume of KOH added /cm’

(i) Complete the equation for the reaction taking place in this titration. State symbols are not
required.

HCOOH +

(ii) Calculate the concentration of the potassium hydroxide solution, using your equation in (i)
and the titration curve.

(iii) Use the titration curve to determine a value for the acid dissociation constant, K, of
methanoic acid.

(b) A student prepared a buffer by mixing together equimolar aqueous solutions of propanoic
acid, CH3CH,COOH, and sodium propanoate, CH;CH,COONa.

The acid dissociation constant, K,, for propanoic acid is 1.3 x 107> mol dm’.
Calculate the volume ratio of propanoic acid to sodium propanoate needed to produce a buffer

solution
with a pH of 4.6
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(Total for question = 8 marks)

Q2.

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.

What is the pH of a 0.010 mol dm™3 aqueous solution of carbonic acid?

[K, of carbonic acid = 4.5 x 10”7 mol dm™ at 298 K]

LI A 2.00
1 B 4.17
[0 € 6.35
[l D 8.35
(Total for question = 1 mark)
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 4 and then mark your new answer
with a cross X.

What is the pH of a 0.27 mol dm™ aqueous solution of sodium hydroxide?

[K, = 1.0 x 107 mol2 dm~° at 298 K]

L1 A 0.57

[0 B 13.43
[0 ¢ 13.73
[1 D 14.57
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Use this space for any rough working. Anything you write in this space will gain no

Q4.

credit.

(Total for question = 1 mark)

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.

What is the pH of 0.010 mol dm™3 aqueous calcium hydroxide, Ca(OH),(aq)?

[pKy = 14]

A 11.7
0 B 12.0
0 ¢ 123
O p 133
Q5.

The equation for the dissociation of water is:

H,O(l) = H'(aq) + OH(aq)

The ionic product of water, K,,, varies with temperature.

(Total for question = 1 mark)
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Temperature/°C
25
30
50

100

K,/ mol*dm™
1.01x10™
147 x 107"
548 x 107"

716 107"

What is the pH of pure water at 60 °C?

[l A approximately 6.5
[ B exactly?7

[0 € approximately 7.4
[l D greaterthan7.4
Q6.

(Total for question = 1 mark)

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

new answer with a cross X.

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

Enthalpy change of
dissociation of water

LI A endothermic
1 B endothermic
1 C exothermic
0 D exothermic

Concentration of hydrogen ions

higher at 100°C than at 25°C
lower at 100°C than at 25°C
higher at 100°C than at 25°C

lower at 100°C than at 25°C

(Total for question = 1 mark)
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Q7.

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

Propanone reacts with iodine in both acidic and alkaline conditions.

(a) The products of the reactions under the stated conditions include

Acidic conditions Alkaline conditions
0 A CH,I CH,COO"
L1 B CH,COCT, CH;COO"
0 c CHsCOCH.I CHsI
1 D CH,COCH,I CHIL,

(b) The rate equation for the reaction between propanone and iodine in acidic conditions is
rate = k[H"][CH;COCH;]

The reaction was carried out at two different pH values, all other conditions remaining
unchanged.

In the first reaction pH = 2.0
In the second reaction the rate was found to be % of the original value.

What was the pH of the second reaction, to 1 decimal place?

I A 0.7
[1 B 1.5
0 ¢ 25
0 b 27

(Total for question = 2 marks)
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Q8.

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

Propanone reacts with iodine in the presence of a sulfuric acid catalyst.

CH3;COCHs(aq) + I,(aq) - CH3COCH,l(aq) + HI(aq)

(a) Which method would be most suitable for following this reaction?

A colorimetry
B timing how long the solution takes to go cloudy

C quenching and titrating with an acid

O 0O O O

D quenching and titrating with starch solution
(b) The rate equation for this reaction is:
rate = k[H*][CH3COCH;]

Two experiments were carried out. In both experiments the concentration of propanone and
iodine remained the same but the concentration of the sulfuric acid was changed.

The initial rate in the first experiment was three times faster than the initial rate in the second
experiment.

In the first experiment the initial pH was 1.50

What is the initial pH in the second experiment?

[0 A 1.02
0 B 1.98
[0 ¢ 2.28
L1 D 4.50

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

(Total for question = 2 marks)
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Q9.

Propanal reacts very slowly with HCN at 298 K. To increase the rate of reaction potassium
cyanide, KCN, is added.

(a)(i) Complete the mechanism for this reaction by adding curly arrows, and relevant lone pairs
and dipoles to Step 1 and Step 2.

H H H H H H
Step 1 H—{||:—{||:—C\\<O — H—%—'|C|—(||Z—O'
H H H H (=N
intermediate
=N
H H H =N
Step 2 H—{|:—{|:—{|:—D‘ ——>  products
L
intermediate

(ii) Explain why the reaction between propanal and HCN in the absence of KCN is very slow,
referring to the value of K. No calculation is required.

[For HCN, K, = 4.9 x 107*° mol dm™3]

(iii) KCN is a homogeneous catalyst in this reaction.
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Justify this description by referring to the mechanism.

(b) The organic products of this reaction are enantiomers.

Draw the three-dimensional structures of these enantiomers.

(Total for question = 10 marks)

Q10.
This question is about sulfuric acid and its salts.
(a) The manufacture of sulfuric acid involves the equilibrium
250,(g) + 0,(g) = 2503(9) AH = —197 k) mol™
(i) A catalyst of vanadium(V) oxide is used in this reaction.

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

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

Explain, in terms of the equilibrium constant and the equilibrium position, the effect of an
increase in temperature on the equilibrium yield of sulfur trioxide.
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(iii) Write the expression for the equilibrium constant, K, , for this equilibrium. State symbols are
not required.

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

Calculate the value of K.
Include units and give your answer to an appropriate number of significant figures.

(b) Sulfur trioxide is used to produce sulfuric acid.

(i) Commercial concentrated sulfuric acid contains 98.5 % H,S0, and 1.5 % water by mass.
The density of concentrated sulfuric acid is 1800 g dm™3.

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

(ii) The pH of a 0.10 mol dm™3 solution of sulfuric acid at 25 °C is 0.97.

3 in this solution.

Calculate the concentration of hydrogen ions, in mol dm™
(iii) In an aqueous solution of sulfuric acid, the following equilibria exist.
H,S0,(ag) + H,Ol) = H;0%(aq) + HSO;(aq) K, very large

HSO4(aq) + H,O(l) = H;O'(aq) + SO; (aq) K,=0.012moldm™

Explain, in terms of these equilibria, why the concentration of hydrogen ions in a 0.10 mol dm™3

solution of sulfuric acid is not 0.20 mol dm™3. No calculation is required.
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(c) A buffer solution is made from HSO; and SO jons.

(i) Write two ionic equations involving H50: and SO:™ jons to show how this solution acts as a

buffer.
State symbols are not required.

(ii) A buffer solution is formed by mixing

25.0 cm? of a solution that is 0.150 mol dm™3 with respect to SO jons with
75.0 cm? of a solution that is 0.100 mol dm™2 with respect to HSO% jons.

Calculate the pH of this buffer solution.

[K, for HSO; jons = 0.012 mol dm™3]

(Total for question = 20 marks)

Q1l11.

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

(a) At 298 K the standard entropy change of the system, ASgien =-98JK™ mol"_

Calculate the standard entropy of one mole of ammonia.

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

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

H, 131

(b) The value of the total entropy change, AS;.,, varies with temperature.
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Data for the value of AS,, 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 107 827 x 10~
375 2.67 x 10~ 225 x 107
500 2.00x 107 -0.764 % 10
625 1.60 x 10~ ~2.57 x 107
750 1.33x 107 -3.77 x 10

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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Q12.

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 .

A titration was carried out by adding 0.1 mol dm™3 hydrochloric acid to 0.1 mol dm~3 aqueous
ammonia.

HCl(ag) + NHs(aq) -» NH,Cl(aq)

The titration curve is shown.

14
:T\
pH | T
7 N
h
] |
i \
—] |I
i \w
.

Volume of HCl/cm®

(a) Which region of the graph represents the most effective buffer solution?

L1 A regionT
[l B regionU
[l € regionV
[l D regionW

(b) Which of these is the best indicator to use in this titration?

[Refer to the Data Booklet]

A methyl red
B phenol red

C phenolphthalein

O O O O

D thymol blue

(c) What is the approximate pH of an ammonium chloride solution?
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LI A 20
[l B 5.8
[1 ¢ 9.7
[l D 11.3
(Total for question = 3 marks)
Q13.

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

An example of a diprotic acid is cis-butenedioic acid. Titration of this acid using sodium
hydroxide solution gave the titration curve shown.

14
12
10

0 I I I I
0 20 40 60 80

Volume of sodium hydroxide solution / cm’

Which indicator would be most suitable for measuring the end-point of the neutralisation of the
proton in cis-butenedioic acid which has a pK, = 6.33?

Use your Data Booklet.

[0 A bromocresol green
L1 B bromothymol blue
L1 € litmus
L]

D phenolphthalein
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Q14.

(Total for question = 1 mark)

Answer the questions 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.

A 0.1 mol dm™ aqueous acid solution was added to 25 cm? of a 0.1 mol dm™3 aqueous solution
of an alkali.

The titration curve shown was obtained.

14—

pH 7+

0 |
0 25

Volume of acid added /cm®

(a) Which titration would produce this curve?

C

O O O O
W

D

ethanoic acid added to sodium hydroxide
hydrochloric acid added to sodium hydroxide
ethanoic acid added to ammonia

hydrochloric acid added to ammonia

(b) Which indicator would be most suitable for this titration?

50
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Indicator pH range

1 A malachite green 0.2-1.8
1 B methyl yellow 2.9-4.0
0 C methyl red 4.2-6.3
0 D thymol blue 8.0-9.6
(Total for question = 2 marks)
Q15.

Sodium hydrogensulfate is a widely used acid, with applications that include removing limescale
and as a food additive. Sodium hydrogensulfate is a weak acid because of the presence of the
hydrogensulfate ion, HSO;

(a)(i) Write the equation for the dissociation of the hydrogensulfate ion in agueous solution.
State symbols are not required.

(ii) A solution of sodium hydrogensulfate has pH = 1.13
Calculate the concentration of this solution, in g dm™.

[pK; of HSO; = 1.92]

(iii) State the assumptions you have used in (a)(ii).

(b) A solution containing sodium hydrogensulfate and sodium sulfate is a buffer that is used to
preserve urine for steroid analysis.

(i) State what is meant by the term buffer.
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(ii) Calculate the pH of the buffer prepared by dissolving 0.750 mol of sodium hydrogensulfate
and 0.500 mol of sodium sulfate in distilled water to make 1.00 dm? of solution.

(iii) Separate samples of 0.00500 mol of hydrochloric acid are added to 1.00 dm? of distilled
water and to the buffer in (b)(ii).

Calculate the pH changes that result in each case.
Assume that the volumes remain constant at 1.00 dm?>.

(c) The titration curve obtained from the addition of sodium hydroxide solution to a weak acid is
shown. The equivalence point (E) of this titration occurred at pH = 8

M

Y

Volume of NaOH/cm’

Explain the observations that would be made if methyl orange (pK,, = 3.7) were used as the
indicator for this titration.
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(Total for question = 20 marks)

Q1l6.

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 .

This question is about weak acids.

pK; of ethanoic acid, CH;COOH = 4.8

pK; of chloroethanoic acid, CH,CICOOH = 2.9

(a) What is the pH of a 0.100 mol dm™ solution of chloroethanoic acid?

LI A 0.27
[0 B 1.95
[0 € 2.90
[l D 3.90

(b) Which is the acid-conjugate base pair in the reaction between ethanoic acid and
chloroethanoic acid?
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Acid Conjugate base

O A CH.COOH CH,CO0
O B CH,COOH CH,COOH}
O ¢ CH,CICOOH CH,CLCOO"
O D CH,CICOOH CH,CICOOH;

(Total for question = 2 marks)

Mark Scheme

Q1.

Question Answer Additional Guidance Mark
Number

(a)(i) An answer that makes reference to the following (0
point: Allow HCOO™ K /HCOO™ + K*

 HCOOH +KOH HCOOK + H.O

Allow HCOOH+OH- —*
HCOO™ + H,O

Allow Na m place of K

Ignore state symbols even 1f
incorrect

Do not award HCOO - K

Question Answer Additional Guidance Mark
Number
(a){ii) Example of calculation 2)
* comect volume read (1) 22 (em®)
off the graph This may be noted on the graph
s comrect concentration (1) 250=0.15/22.0=0.17045 (mol dﬂl_Ej

Ignore SF except 15F
Allow TE on wrong volume

Correct answer scores 2
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Question Answer Additional Guidance Mark
Number
(a)(iii) | An answer that makes reference to (3

the following points:

¢ volume at half-neutralisation (1)

» pH value at half-neutralisation (1)

+ calculation of K

(1)

11 em’® (Allow TE from volume in (a)(ii))

pH=38(x0.1)

(Hydrogen ion concentration = 107% ) .
E,=1.5849 = 107/ 0.00015849 (mol dm™)
Cormrect answer with no working scores 3

Allow TE throughout
Ignore SF

If 3.9 used ‘
(Hydrogen 1on concentration = 107°)
K2 =1.2589 = 107*/ 0.00012589 (mol dm™)

If 3.7 used B
(Hydrogen ion concenfration = 10~')
K, =19953 x 10~/ 0.00019953 (mol dm)

Allow TE from wrong pH
Alternative method 1
* pH at half-neutralisation 1) | 38(x01)
* pK;value (1) | 3.8(x0.1)
» calculation of K, 1) | K =107

=1.5849 = 10~/ 0.00015849 (mol dm™)
Correct answer with no working scores 3

If 3.9 used )
Hydrogen ion concentration = 10-3* )
=1.2589 x 10~*/ 0.00012589 (mol dm)
=K

If 3.7 used B
Hydrogen 1on concenfration = 107"
=1.9953 x 10~/ 0.00019953 (mol dm?)
=K

Allow TE from wrong pH for M2 and M3
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Alternative method 2 (usmg pH of the
methanoic acid at the start)

s pH at the start (L

» convert pH into H™ concentration (1)

s calculation of K, (1)

gives a value of 6.667 = 107 (mol dm'E)
gne‘, avalue of 4.206 = 107 (mol dm"}

ives a value of 2.654 = 107 (mol dm”}
ives a value of 1.674 = 107 (moldm %)
ves a value of 1.057 = 107 (mol dm")
ives a value of 3.162 * 107 (mol dm™>)

[ I I B ]
-l'-'.n-"I.Jl—"Q

Lh
r;u r_r\q r_rq rm

23
Allow 2.0-2.5

Hydrogen ion concentration = 1072%
=5.0119 = 1073/ 0.0050119 (mol dm™)

K, =(5.0119 = 10%p
0.15

= 1.6746 = 10~* / 0.00016746 (mol dm™)

Correct answer with no working scores 3

Allow TE from wrong pH
(1.e. not 1 the range of 2.0-2.5)

Ignore SF

reference to the
following points:

o calculation of [H] (1)

* correct ratio (1)

Example of calculation
[H]=K.=[HA] OR [HT= [HA]
[AT] K [A]

2.5119 = 107 / 0.000025119

[HA] =2.5118864 x 10<=19322:1
[AT] 13x107

Correct answer with no working scores 2

Allow qust 1.9322
Allow rounding to 2:1

Tgnore SF

Correct answer with no working scores 2

Allow Henderson-Hasselbach equation

pH=pKa —log [HA]
[A7]

46=48861—log [HA

[AT]
HA]=19322:1
(Al
Allow just 1.9322
Ignore SF

Reciprocal ratio comrecily identified 0.5175:1 scores 2

Reciprocal ratio comecily identified 0.5175:1 scores 2

Question Answer Additional Guidance Mark
Number
(b) An answer that makes (2)
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Q2.

Q3.

Q4.

Q5.

Question | Answer Mark
Number
The only correct answer is B (4.17) (1)
A is not correct because this is the —log of the concentration
C is not correct because this is the —log of the Kz
D is not correct because this is the —log of the Kamultiplied by the concentration
Question | Answer Mark
Number
The only correct answer is B (13 .43) (1)
A is not correct because this is the —log [OH |
C is not correct because it does not produce 2 x OH
D is not correct because the —log [OH | has been added to pKa
Question | Answer Mark
number
oy

The only correct answer is C (12.3)

A is incorrect because the concentration of hydroxide jons has been halved instead of
doubled

B is incorrect because the concentration of hydroxide ions has been taken as 0.01 mol dm™

D s incorrect because this has been calculated using 0.1 mol dm™ as the concentration of
calcium hyvdroxide

E]
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Question | Answer Mark
number
A approximately 6.5 1
Q6.
Question | Correct Answer Mark
Number
The only correct answer is A (the dissociation of water is endothermic, | (1)
sa the concentration of hydrogen ions is higher at 100°C than it is at
25°C)
B is incorrect because at higher temperatures more hydrogen ions are
present
C is incorrect because the dissociation of water is endothermic
D is incorrect because the dissociation of water is endothermic
Q7.
Question | Correct Answer Mark
Number
(a) The only correct answer is D (CHz:COCH:I CHIz) (1)
A is incorrect because CH5I is not formed in acidic conditions
B is incorrect because CHsCOCI: is not formed in acidic conditions
C is incorrect because CHsl is not formed in alkaline conditions
Question | Correct Answer Mark
Number
(b) The only correct answer is C (2.5) (1)
A is incorrect because the value of the pH has been divided by 3
B is incorrect because the concentration of H™ ions has been multiplied
by 3 rather than divided
D is incorrect because this value is adding 1/3 of 2 onto 2

Q8.
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Q9.

Question | Answer Mark
Number
(a) The only correct answer is A (colorimetry) (1)
B is not corvect because the solution would not go cloudy
C is not correct because there is no base fo fitrate against
D is not correct because stavch is an indicator and would immediately turn blue-black
Question | Answer Mark
Number
h) The only correct answer is B (1.98) (1)

A is not correct because the concentration of the acid has been increased three fimes
C is not correct because the concentration of the acid has been decreased six times

D is not correct because the pH has been multiplied by three
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Question Answer Additional Guidance Mark
Number
(a)(i) | An answer that makes (4)

reference to the following
points:

Step 1

+ lone pair of electrons
on C of C=N

« curly arrow from
anywhere on the C
of C=Nto Cin
propanal including
the charge

= curly arrow from
C=0 bond to or just
beyond O

« dipole on C=0
Step 2

« lone pairon O in
intermediate Step 1
or Step 2

« curly arrow from the
O (or minus charge)
of intermediate to H
of H-C=N

+ curly arrow from H-C
bond to C of H-C=N

I
H H C=N

All 7 points scores 4 marks

5 or 6 points scores 3 marks

3 or 4 points scores 2 marks

2 points scores 1 mark

Ignore formula of products even if
incorrect

Ignore all dipoles on HCN

Penalise dipoles on C-0 in the
intermediate

reference to the following points:

« the value of K2/
dissociation is (very) small acid
/ the equilibrium lies
(very) well to the left

5o the concentration of
CN~ ions is (very) low /
there is a lack of CN™ ions

(1) | Allow it is a (very) weak

Allow it is partially
(1) | dissociated

come from KCN

KCN

of dissociation

Allow a comment that all /
most CN™ in the reaction

Ignore references to Ks of

Ig nore references to rate

Question Answer Additional Guidance Mark
Number
(a)(ii) | An explanation that makes (2)
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Question Answer Additional Guidance Mark
Number
(a)(iii) | An answer that makes (2)

reference to the following

points

(it increases the rate of
reaction by) providing
CN™ ions in the same
phase/state

and it / KCN / CN™ ion is
regenerated in Step 2
(so overall is not used
up in the reaction)

(1)

(1)

Ignore incorrect phases

Allow it is regenerated at
the end (of the reaction)

Ignore references to
adsorbing and desorbing

If no other mark is scored
for it is in the same
phase/state and is not used
up (1)

OR

A homogeneous catalyst /
KCN is in the same
phase/state and speeds up
the reaction/provides an
alternative pathway with
lower activation energy (1}
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Question Answer Additional Guidance Mark
Number
(b) (2)
» a three-dimensional Allow just a three dimensional
diagram of diagram of 2-hydroxybutanenitrile
2- showing at least one dotted and
hydroxybutanenitrile one wedged bond
showing at least one
dotted bond (1)
and
at least one wedged (1)
bond which are next Diagrams may show a mirror /
to each other plane of symmetry though this is
not necessary
» the mirror image of
the first structure
CHiCH, /] CHiCH,
[ T ( il
- |_IH H'n'n \__H
NC™ Ny ) Ho? CN
4
Allow diagrams that swap two of
the four substituents e.g.
CH:&?Hz CH:i-Cl‘le
G Cj,
P -.'.lfH o~ l.r.'.lDH
NC \DH NC \H
If not other marks are scored
allow two tetrahedral structures
which are mirror images that do
not have wedged and dotted
bonds scores (1)
Ignore connectivity errors
Allow TE in M2 for incorrect
compounds
Q1o0.
Question Answer Additional Guidance Mark
Number
(a)(@) (1

no effect / none /
nothing / no change

Ignore references to rate
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Question
Numbher

Answer

Additional Guidance Mark

(a)(i1) An explanation that makes

and

reference to the following points:

¢ (equilibrium) yield
{of sulfur tnioxide /
503/ product) decreases

¢ the equilibrium constant /
Kyl K./ K decreases (as
temperature increases) (1)

because the (forward / right)
reaction 1s exothermuac /
releases heat (energy) / AH
1s negative (1)

2)

Allow less sulfur trioxide / 503 / product forms
Ignore equilibrium position shifis to the left
Ignore more reactants formed

Allow the equilibriuvm constant / Kp / Ko/ K
decreases (as temperature increases) and because
the reverse / backward / left reaction 1s endothermic
{/ absorbs heat (energy)

Allow K decreases because ASsurounding: / AStotal
decreases / becomes less positive (as temperature
mncreases and assuming AS.ystem 15 constant )

Ignore reference to rate

* expression for Kp

Q_ue'sﬁun Answer Additional Guidance Mark
Number
(a)(1i1) Example of expression for Ay (1)

K= p(S0s(g))?
p(502(g))” (x) p(Ox(g)
Allow P/ PP / pp etc for partial pressure and this

can be mside the brackets
Allow e.g. p*SO3

Iznore missing (g) / brackets around formulae

Do not award square brackets
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IQuestion Answer Additional Guidance Mark
Number
(a)(iv) Example of calculation: (4)
Sy O3 503
Tnitial mol 2.00 1.00 -
* calculation Eqgm meol 2.00-1.60 1.00-0.80 1.60
of eqm moles =040 =020
W Total mol at 0.40+0.20 +1.60=2.20
eqm
* calculation or Partial pressure 0.40x 5.00 020x5.00 1.60 x 5.00
expressions for Jatm 29 290 220
3 partial =090909 | =045455 = 3.6364

pressures (1) TE for partial pressures

* substitution of K= 363642
values mto Ky 0.909097 x 045455
expression (])

_ = 352/35atm™
* calculation of K
and
answer to 2 / 3 SF

and 0.45 and 3.6 gives 34.8
umits (1)

Correct answer to 2 or 3

TE on expression for Kp m (a)(111)

Allow answer from previous correct rounding to 2 or more SF e g 0.91
Penalise incorrect rounding once only e.g. 0.909 to 0.9

Allow fractions in working but not i final answer

Allow atm™ for units but do not allow any other units
Allow correct umits written mn (a)(111) 1f not written here

on eqm moles

SF with units and no working scores (4)

Question Answer Additional Guidance Mark
Number
(b)) Example of caleulation: (2)

¢ calculation of mass
of H2S0: 1n 1 dm® (1)
¢ calculation of

concentration of
acud (])

mass of H28O4sin 1 dm’ concentrated acid
=0985x 1800=1773 (g)

concentration of acid = 1773
2x10)+321+4x16.0)
=18.073/18.07/18.1/ 18 (mol dm™)
TE on mass of H2804in 1 dm’

Allow 98 for molar mass of H2504 giving 18.092 /
18.09/18.1 /18 (mol dm™)

Correct answer to 3 or more SF with no working
scores (2)

Do not award (2) for 18 unless 0.985 has been used
in calculation
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Question Answer Additional Guidance Mark
Answer
Number
(b)(i1) e calculation of Example of calculation: (1)
[H(aq)]/ [H30™(aq)] [H'(aq)] / [H:0"(aq)] = 1072
=0.10715/0.1072 /0.107 / 0.11 (mol dm™)
Ignore SF except 1 SF
Ignore incorrect units
Correct answer with no working scores (1)
Do not award 0.1 /0.10/0214
Question Answer Additional Guidance Mark
Numbher
(b)(111) An explanation that Allow [H(aq)] for [H:O{aq)] (2)
makes reference Ignore mussing state symbols
to the following points:
First equilibrium Allow high [H307aq)] from first equilibrium
o the first ionisation of Allow acid fully dissociates m first
sulfuric acid 1s complete equilibrium
or Ignore just acid fully dissociates
the equilibrium position of
the first equation lies
very far to the nght(]) Allow second equilibrium shifts to the left
Second equilibrium Allow second dissociation 1s suppressed /
e so[H;0(aq)] (from further dissociation 1s prevented
the second equilibrium)
1s very small (1)
Question| Answer Additional Guidance Mark
Number
(c)(i) Allow equations i either order (2)

HSO4 + OH — SO + H20
(1)

S04 + H- — HSO4

ar

S04 + H:0® — HSOs + H0
(1)

Allow = provided equations written in
directions shown

Ignore state symbols even 1f incorrect

Penalise non-1onic equations once only e.g. using
HC1 and NaOH

Allow HSOs~ — S04 + H™
and H" + OH — H:0
for M1
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calculation of the
concentration of
SO« ions (1)

calculation of the

: concentration of

HSO4 1ons (1)

expression for K

ey

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

calculation of pH (1)

[SOs£7]=25.0x0.150 x 1000
1000 100
=10.0375 (mol dm™)
Allow mol $04*~=0.00375 /3.75 x 107 (mol)

[H504]=75.0x 0100 == 1000
1000 100
= 0.075 (mol dm™)
Allow mol HSOs =0.0075 / 7.5 x 107 (mol)
Do not award this mark if subtraction then done

K, =[HT[S0:7] /0012 =[H"] x 0.0375
[HS047] 0.075
Allow mol substituted into correct expression

[H] = KJ[HSOs] =0012x0.075
[SO4] 0.0375

=0.024 (mol dm™)
TE on expression. [$Os ] and [HS047] or mol

pH = —log[H"] = —log 0.024
=1.6198/1620/1062/1.6
TE on [H7]

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

Allow alternative methods

Question Answer Additional Guidance Mark
Number
{e)(i) Example of calculation: (3)

Q11.
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Question Answer Additional Guidance Mark
Number
(a) (2)

states or uses eguation

calculate S, oduces

(1)

(1)

a4 —
AS system = Scp'mucls — Sfreactants

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

S%roduces = 292.5 — 98

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

If units are given they
must be correct

Allow TE on incorrect

e
“} reactants

Comment

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

S%oroduces = 225 scores max

(1)
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to the following points:

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

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

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

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

to the

following points:

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

Allow -AH

Allow enthalpy change / AH

/ —AH

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

Answer

Additional Guidance

Mark

(d)(ii)

calculation of In K

evaluation of K

(1)
(1)

Example of calculation
—-37.7=831xInK

In K = —4.5367

K =0.01071/1.071 x 10"

2

Final answer with no
working scores (2)

Allow TE on M1 to M2
Mo TE on incorrect
expression

Ignore units
Ignore SF except 1 SF

(2)

Question
Number

Answer

Additional Guidance

Mark

(d)(iii)

to the

Either

Or

An answer that makes reference

following points:

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

therefore ASsumoundings Must
decrease (so that (ASkm
decreases)

this is because AS:umoundings
= —AHIT

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

the reaction is exothermic
and

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

the value of K decreases

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

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

(3)
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Question
Number

Answer

Additional Guidance

Mark

(d)(iv)

overall conversion to
ammaonia is increased by
recycling unused
reactants

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

Ignore references to
catalysts, temperature and
pressure

(1)

Question
Number

Answer

Additional Guidance

Mark

(e)(i)

 formula of diammonium
hydrogenphosphate

» balanced equation

(1)
(1)

(NH.):HPO,

2NH: + Hi:POs —

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

Allow for M2

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

Mo other TE

Ignore state symbols
even if incorrect

(2)

Question
Number

Answer

Additional Guidance

Mark

(e)(ii)

« NHif = NH; + H*
OR

« NHi + H:0 = NH3 +
Hs0*

Allow — instead of =
Do not award reactions
reversed

Allow
NH; + OH
H-0

Allow =

NH: +

instead of —

incorrect

Ignore state symbols even if

(1)
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Question Answer Additional Guidance Mark
Number
(e)(iii) | An answer that makes Do not award incorrect formulae such as (3)
reference to the following NH3™ in M1 and M2 but allow TE in M3
points: Ignore comments about acid / base in
relation to NH3 / NH: unless defined
« the mixture contains
a large amount/
(large) reservoir
of both ammonium
ions and ammonia
/ of NHi and NHz (1)
Either
« added H* reacts with ammonia| Allow — instead of =
to form ammeonium ions / Allow Hz0"
H* + NH; = NHZ
Or
» added H® combines with OH™
ions in water to form water /
H* + OH™ - Hz0
And
ammeonia reacts with water Allow — instead of =
to produce OH— ions / ) ] ) ]
NHs + H:0 = NHI + OH- Thls_mqumg point must include at least
one ionic equation
(1)
e ratio of ammonium ions Allow remains constant
to ammonia hardly (1) ) _
changes Allow pH is unchanged / changes very little
because added H* removed and change in
concentration of NH; and NHj is small
Q1l2.
Question Answer Mark
Number
(a) The only correct answer is B (region U) (1)

at the start of the titrafion

the end-point of the tifration

A is not correct because in region T there is only agqueous ammonia
C is not correct because in region V, the vertical part of the graph, represents

D is not correct because in region W all the aqueous ammonia has been neutralised
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Question
Number

Answer

Mark

(b) The only correct answer is A (methyl red)

B is not correct because phenol red has a pH range of 0.8 to 8.4

and 8.4 is not in the vertical region

C is not correct because phenoiphthalein has a pH range of 8.2 to
10.0 and this is not in the verfical region

D is not correct because thymol blue has a pH range of 1.2 to

2.8 and this is not in the vertical region

(1)

Question
Number

Answer

Mark

(c)

The only correct answer i1s B (5.8)

A is not correct because this is the approximate pH when excess

hvdrochioric acid has been added

C is not correct because this is the approximate pH near the start of the
end point when there is still excess agqueous anmmonia

D is not correct because this is the approximate pH of agueous ammonia

(1

Q13.

Question
Number

Correct Answer

Mark

The only correct answer is D (phenolphthalein)

A is incorrect because the indicator needs a range contained between pH

8 andpH 11

B is incorrect because the indicator needs a range contained between pH

8 and pH 11

C is incorrect because the indicator needs a range contained between pH

8 and pH 11

(1)

Q14.
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Question | Answer Mark
Number

(a) The only correct answer is D (hydrochlonic acid added to ammonia) (1)

A is not correct because it is a weak acid and strong base
B is not correct because it is a strong acid and strong base

C is not correct because it is a weak acid and weak base

Question Answer Mark
Number
(b} The only correct answer is C (methyl red) (1)

A is not correct because malachite green would change colour at about pH 1
B is not correct because metiyl vellow would change colowr at about pH 3.5

D is not correct because thymeol blue would change colour at about pH 9

Q15.
Question | Answer Addirional guidance Mark
number
{a)(i) Examples of equations: 1

* correct equation
HS0s =2 HY + 505

Or
HSO:s + H.0 2 H:O° + s04&

Allow

HSO, + H.O =2 HY + S0.°
Or

HSOs 2 H:0° + S0
Accept —~ for 2

Ignore state svmbols even if incorrect.
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Question | Answer Additional guidance Mark
number
(a)(ii) Example of caleulation: 5

expression for £

(1)

calculation of K, from pi,
and [H7] from pH
(1)

rearrangement of
expression for £ and
substitufion of values and
calculation of [NaHS0:] in
mol dm (1)

calculation of My NaHS0.)
(1)

calculation of [NaHSO4] in
g dm™
(1

. [H*][s0of7] [H*]?
*" [HSO0;] [HSO;]

M1 is scored if implied in the calculation but if given
must be correct

Comment: Do not penalise S0 for 5047
K=107"% (= 0.012023) and [H] = 1075 (= 0.074131)

0.0741317
0.012023

MANaHSOg) = 1201
Allow 120

[NaHSO,] = 120.1 x 0.45709
— 54.896(g dm™)* (54.851 if 120 used)

[H50:] = 0.45709 (mol dm™)*

* These are obtained using unrounded infermediate
values

If My{HSO:) =97 1 is used 44 383 (g dm™) scores M3
Accept
[HS0<] - [H]=045709
[HSOs]= 045709 + 0074131
=10.53122 (mol dm™)
=63.790 (g dm™)

TE at each stage
Iznore SF except 1 SF

COMMENT
Correct answer with some working scores (5)
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Question | Answer Additional guidance Mark
number
- 3
(a)(iii) An :aﬂs.w.e_r that makes reference to the Comment: Do not penalise S04~ for 2
following: 50
: . o Allow
. l_ly-qrog_ﬂlsulfar_e (mﬂ) dissociation / [HSO4 Jequilibrium = [HSO< initial
fonisation negligible (1) [NaHSO:Jequilibrium = [NaHSO:]initial
Allow Slight / partial / incomplete / does
not dissociate for ‘negligible’
(dissociation)
+ [H7] only due to (dissociation / ionisation
of) HSO4™ / hydrogensulfate (ion) Allow
(1 [H™] due to) dissociation / ionisation of
water negligible
Or
dissociation / ionisation of water
negligible
Or
[50s7]=[HT]
Allow
[Hs0] for [H] throughout
Penalise omission of [] in discussion
once only
Penalise use of HA or “weak acid” or A™
once only
Ignore references to temperature
Question | Answer Additional guidance Mark
number
2

(b))

* 3 buffer resists change in pH

(1)

or of alkali (1)

An answer that makes reference to the following:

+ on the addition of small amounts of acid and /

Accept
pH

Allow
withstands change in pH

Allow

change

Allow
H™ for acid
base / OH™ for alkali

Maintains a fairly / nearly constant

large change or small change for

Do not award maintains constant pH
Ignore references to the acid-salt ratio
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Question | Answer Additional guidance Mark
number
(b)(ii) Example of calculation: 3

+ substitution of values into
K expression

(1)

* rearrangement of K,
EXpression

(1)

* calculation of pH to at least
1dp
@

. _ [H*][s037]

© [HSOZ7]

Lo [H¥] x 0.500
K=10"(=0012023) =——————
: ( ) 0.750
- K,x0.750 -
[H7]= ocop  (mo )

pH=—log(1.5 x 0.012023) (=-log 0 .018034)=1.744
Iznore SF except 1 SF

Correct answer with some working scores (3)

TE at each stage but M3 dependent on some use of K
and calculation of [H7] and value of pH < 7

Accept use of Henderson-Hasselbalch equation:

——— [S037] 1 [salt] .
= -+ R ———
R R T I PR
0.500
=102+1 1
= 0.750 &
=17439 (1)
TE on anithmetical errors

If salt and acid reversed in H-H equation max 1 (M3
only for 2.0961)
No TE on any other error in H-H equation (scores (0))
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Question | Answer Additional guidance Mark
number

(b)(iii) Example of calculation: 4
s calculation of pH pH (0.00500 mol dm™ HCI) =
and —log(0.00500) = 2.30
change in pH for water
(1) AlpH)=7-230=470

Accept changes from 7 to 2.3

If no other mark is scored in (b)(111) pH
= 2.3 scores 1

* calculation of new [HS04]

and 0.750 + 0.00500 = 0.755 (mol dm™)
calculation of new [S047] )
1) 0.500 - 0.00500 = 0.495 (mel dm™)
+ calculation of [H7] (5] = Kax 0.755 _
() 0.495
0.012023 x 0.755
0.495
=(.018338 (mol dm™)
TE only on arithmetical errors and if at
least one change in concentration
+ calculation of pH and change in pH for calculated
buffer (1)

pH = —log(0.018338) = 1.737

ApH) =1.744-1.737=0.007
OR

N A(pH)=1.74-1.737 = 0.003 if rounded
Use of H-H for M3 and M4 value gl‘i-f'ﬂ in I:bj [11}
0.495
pH=192+1log Accept changes from 1.744 / 1.74 to
0.755 1.737
() Allow 1.74 to 1.74 (3 SF) / no change
=192 +(—0.18334)=1.7367 from
1.7439 (1)

TE on M4 for arithmetical errors on
correct method

Allow TE if there has been some
attempt at calculating a new [H™]. In
both cases final pH must be lower than
the start pH of the buffer and AfpH) =
02

Ignore SF
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Question | Answer Additional guidance Mark
number
(c) An explanation that makes reference to the 3
following:
Ignore just ‘red to yellow’
+ the colour of the methyl orange indicator will
change from red to orange to yellow
(1) Allow
There is only a gradual change in
¢ The volume of alkali added between the start colour
of the indicator colour change and the or
formation of the end-point colour is large the (indicator) colour changes slowly
(compared with the volume used if the or
indicator change colour in the vertical section there is no sharp change in colour
of the titration curve) o1
18} colour change will not occur on the
addition of just a few drops of alkali
Ignore just “colour change of methyl
orange occurs at 3.2-4.4°
+ the end-point (shown by the methvl orange)
will occur (well) below the equivalence point
@)
Q1l6.
Question Answer Mark
Number
The only correct answer is B (1.935) (1)
A is not correct because pKa has not been converted to Ka
C is not correct because this is the pH of 0.100 mol dm™3 ethanoic acid
D is not correct because the square root of Ka x [CH2CICOOH] has
not been used to calculate [H' |
Question Answer Mark
Number
The only correct answer is C  (Acid: CH2C1COOH, Conjugate base: CH2C1COO™) (1)

A is not correct because ethanoic acid has a higher pKa than chloroethanoic
acid so acts as a base in this reaction

B is not correct because ethanoic acid has a higher pKa than chloroethanoic
acid se acts as a base in this reaction

D is not correct because chloroethanoic acid loses a profon when it acts as an acid
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