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SECTION A

You should spend a maximum of 20 minutes on this section.

Answer all the questions.

1 Which row shows the atomic structure of >*Mn?*?

o 0O W >

Protons Neutrons Electrons
25 30 23
25 55 23
27 30 25
30 25 28

Your answer

The Group 2 elements react with water, forming a solution and a gas.

Which statement is correct?

A The reactivity of the elements decreases down Group 2.

The pH of the solution formed increases down Group 2.

B
C The reaction is a neutralisation.
D

The equation for the reaction of strontium with water is:

Your answer

© OCR 2016

2Sr + 2H,O — 2SrOH + H:
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3 Chloroethene, CH.=CHCI, is prepared in the presence of a solid catalyst using the equilibrium

reaction below.

CH2CICH.CI(g) = CH,=CHCI(g) + HCI(g)

Which change would result in an increased equilibrium yield of chloroethene?

A increasing the pressure
B increasing the surface area of the catalyst
C increasing the temperature

D use of a homogeneous catalyst

Your answer

4  The table below shows enthalpy changes of formation, AsH.

AH = +51 kJ mol

Compound TiCla(l)

H20(1)

TiO(s)

HCI(9)

AfH / kJ mol-! -804

—286

—945

—92

[1]

What is the value of the enthalpy change of reaction, AH, for the reaction in the following equation?

TiCla(l) + 2H.0(1) — TiOa(s) + 4HCI(g)

A —63 kI mol™?
B —53 kJmol?
C +53 kJ mol?

D +63 kJ mol™?

Your answer

© OCR 2016
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4
5  Zinc reacts with copper(ll) sulfate solution, CuSOa(aq).

Which apparatus could be used to determine the effect of the concentration of CuSO4(aq) on the
rate of reaction?

A balance
B gas syringe
C colorimeter

D pH meter

Your answer

[1]
6  The boiling point of hydrogen bromide is —67 °C.
The boiling point of hydrogen iodide is —34 °C.
The different boiling points can be explained in terms of the strength of bonds or interactions.
Which bonds or interactions are responsible for the higher boiling point of hydrogen iodide?
A covalent bonds
B hydrogen bonds
C permanent dipole—dipole interactions
D induced dipole—dipole interactions
Your answer
[1]
7 The 1% to 8" successive ionisation energies, in kJ mol~*, of an element in period 3 are:
1012 1903 2912 4957 6274 21269 25398 29855
What is the element?
A Al
B Si
C P
D S
Your answer
[1]

© OCR 2016 H432/01
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8  Using the graph, what is the value of the pre-exponential factor, A, for the decomposition of N2Os?

Your answer

9  Asolution of propanoic acid, CH;CH2COOH, has a pH of 2.89 at 25 °C.

2N20s(g) — 4NO(g) + O2(9)
35

30 =

y4

25

y4

I'

p 4

/K1

~—

003 1 0.0035

N

-10

-15

3455
3155
1.04 x 10° 5!

4.79 x 108 51

What is [H*] in this solution?

A

B

C

D

Your answer

© OCR 2016

1.7 x 10°% mol dm~3
4.6 x 10~ mol dm=
1.3 x 10 mol dm™®

0.46 mol dm=3
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10 The lattice enthalpy of calcium chloride can be calculated using three of the enthalpy
changes below.

Which enthalpy change is not required?

A

B
C
D

Your answer

enthalpy change of solution of calcium chloride
enthalpy change of hydration of CI~ ions
enthalpy change of formation of calcium chloride

enthalpy change of hydration of Ca* ions

[1]
11 Which redox reaction contains the largest change in oxidation state for sulfur?
A H.SOs + 8HI — HoS + 41> + 4H,0
B S+ 0 —» SO
C  S05% + 2H" — SO; + S + H;0
D S + 6HNOs; — H»SOs + 6NO; + 2H,0
Your answer
[1]
12 NO(g), H2(9), N2(g) and H20(g) exist in equilibrium:
2NO(g) + 2H2(9) = Na(9) + 2H20(9)
At room temperature and pressure, the equilibrium lies well to the right-hand side.
Which of the following could be the equilibrium constant for this equilibrium?
A 1.54 x 10~ mol dm~®
B 6.50 x 10 mol dm~3
C 1.54 x 103 dm® mol*
D 6.50 x 102 dm® mol-*
Your answer
[1]

© OCR 2016
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13  Copper(Il) ions form an aqueous complex ion, X, with chloride ions.

Which statement about X is true?

A

B
C
D

Your answer

X has optical isomers
X has a square planar shape
X has the formula CuCl?*

X has a yellow colour

[1]
14  Two tests are carried out on an aqueous solution of copper(Il) sulfate, CuSOa(aq).
Test 1: Addition of potassium iodide solution
Test 2: Addition of barium chloride solution
Which of the following statements is/are true?
1: Test 1 produces an off-white precipitate and a brown solution.
2: Test 2 produces a white precipitate.
3: Test1and Test 2 are both redox reactions.
A 1,2and3
B Onlyland2
C Only2and3
D Onlyl
Your answer
[1]

© OCR 2016
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15 Two students set up the equilibrium system below.
CH3COOC.Hs(l) + H.O0(I) = CzHsOH(l) + CHsCOOH(I)

The students titrated samples of the equilibrium mixture with sodium hydroxide, NaOH(aqg), to
determine the concentration of CH;COOH.

The students used their results to calculate a value for K.

The students’ values for K¢ were different.

Which of the reason(s) below could explain why the calculated values for K¢ were different?
1: Each student carried out their experiment at a different temperature.

2: Each student used a different concentration of NaOH(aq) in their titration.

3: Each student titrated a different volume of the equilibrium mixture.

A 1,2and 3
B Only 1 and 2
C Only 2 and 3

D Onlyl

Your answer

[1]

© OCR 2016 H432/01
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SECTION B
Answer all the questions.
16 Ammonia is a gas with covalently-bonded molecules consisting of nitrogen and hydrogen atoms.

(a) Show the electron configuration of a nitrogen atom using ‘electron-in-box’ diagrams.

Label each sub-shell.

Is .

[2]

(b) Ammonia can be made from the reaction of nitrogen and hydrogen in the Haber process.

Fe catalyst

N2(9) + 3H29) o0 oc and200kpa  2NH3(O) AH =-92 kI mol* Equation 1

What effect will increasing the temperature have on the composition of the equilibrium mixture and
on the value of the equilibrium constant?

Explain your answer.

© OCR 2016 H432/01
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(c) A chemist mixes together 0.450 mol N2 with 0.450 mol Hz in a sealed container.
The mixture is heated and allowed to reach equilibrium.

At equilibrium, the mixture contains 0.400 mol N and the total pressure is 500 kPa.

Calculate K.

Include units in your answer.

© OCR 2016 H432/01 Turn over
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(d) A chemical company receives an order to supply 1.96 x 10'° dm? of ammonia at room temperature
and pressure. The Haber process produces a 95.0% yield.

Calculate the mass of hydrogen, in tonnes, required to produce the ammonia.

Give your answer to three significant figures.

required mass Of NYdrogen = ...ceveeeeeiennienneeennonnes tonnes [3]

(e) (i) Hydrazine, N2H4, is used as a rocket fuel. Hydrazine can be prepared from the reaction of
ammonia with sodium chlorate(l). There are two other products in the reaction.

Write an equation for this reaction.

[1]
(ii) Using the electron pair repulsion theory, draw a 3-D diagram of a molecule of hydrazine.
Predict the H-N—H bond angle around each nitrogen atom.
H-N—H bond angle: .....ccoeiveiiiiniieniiiniincinnens [2]

© OCR 2016 H432/01
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17 lodine monochloride, ICI, can react with hydrogen to form iodine.

2ICI + H2 —» 2HCI + |2

This reaction was carried out several times using different concentrations of ICI or H..
The initial rate of each experiment was calculated and the results are shown below.
Initial concentrations are shown for each experiment.

@ @

© OCR 2016

[ICI] / mol dm~3 [H2] / mol dm-3 Rate / mol dm= s
Experiment 1 0.250 0.500 2.04 x 1072
Experiment 2 0.500 0.500 4,08 x 10°?
Experiment 3 0.125 0.250 5.10 x 103

(i) Calculate the rate of reaction when ICI has a concentration of 3.00 x 10 mol dm and H

has a concentration of 2.00 x 10~ mol dm™3,

H432/01

Calculate the rate constant, k, for this reaction. Include units in your answer.

FALE = vuveeeeenrnrnrnceesnsnsnsnnens mol dm=3 st

[1]
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(b) Reaction rates can be increased or decreased by changing the temperature of the reaction. Fig. 17.1
below shows the energy distribution of the reactant molecules at 25 °C.

A 25°C
number of
molecules
0 -
0
energy
Fig. 17.1

Draw a second curve on Fig. 17.1, to represent the distribution of the same number of molecules at a
higher temperature.

Use your curve to explain how increasing the temperature increases the rate of reaction.

............................................................................................................

© OCR 2016 H432/01 Turn over
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18 A student is asked to calculate AG at 25 °C for the combustion of butan-1-ol. The teacher provides two

pieces of information.

e The equation for the combustion of butan-1-ol.

CH3(CHo)sOH(l) + 602(g) — 4COx(g) + 5H.0(l)

e Standard entropies of butan-1-ol, oxygen, carbon dioxide and water.

Equation 2

CH3(CH2)30H(l)

02(9)

CO2(9)

H20(1)

S9/ J K- 1 molt

228

205

214

70

The student carries out an experiment using the apparatus below and obtains the following results.
The specific heat capacity of water is 4.18 J g+ K.

thermometer

clamp — |

[ beaker

100 cm? of water

wick — spirit burner
butan-1-ol

Mass of burner and butan-1-ol before burning / g 98.997

Mass of burner and butan-1-ol after burning / g 98.738
Initial temperature / °C 18.5
Maximum temperature reached / °C 39.0

© OCR 2016
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Use the information on the previous page to calculate AG, in k] mol-, for the combustion of
butan-1-ol according to Equation 2 at 25 °C.

AG = eeieeeeeieeeeeeieeeenens kI mol™* [7]

© OCR 2016 H432/01 Turn over
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19 This question is about the chemistry of the elements in Group 2 and the halogens.

(@) A student prepares an aqueous solution of magnesium chloride by reacting magnesium with excess
hydrochloric acid.

Write an equation, including state symbols, for this reaction and state the observation(s) the student
should make whilst carrying out this experiment.

LT[V L[] T
ODSEIVALION(S): 4eeereeensenasesnsesnasosascssssosnscssssssnsosssssssssssssssssssnssssssssnsssnssosnsssnne
[2]
(b) Lattice enthalpies give an indication of the strength of ionic bonding.
How would the lattice enthalpies of magnesium chloride and calcium chloride differ?
Explain your answer.
......................................................................................................... [3]

© OCR 2016 H432/01
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(c) The table below shows the enthalpy changes that are needed to determine the lattice enthalpy
of magnesium chloride, MgClo.

Letter | Enthalpy change Energy /
kJ mol!
A 1st electron affinity of chlorine -349
B 1st ionisation energy of magnesium +736
C atomisation of chlorine +150
D formation of magnesium chloride —642
E atomisation of magnesium +76
F 2nd ionisation energy of magnesium +1450

G lattice enthalpy of magnesium chloride

(i)  On the cycle below, write the correct letter in each box.

Mg?'(g) + 2Cl(g) + 2¢°

y Mg¥(g) + 2CI(g)

Mg'(g) + 2Cl(g) + ¢

A

Mg(g) + 2Cl(g)

A

Mg(g) + Cly(g)
A

Mg(s) + Cly(g)

MgCly(s) \ [3]

(if) Use the Born—Haber cycle to calculate the lattice enthalpy of magnesium chloride.

lattice enthalpy = veuveeeneeeeneeeeneenenennenns kImol?t [2]
© OCR 2016 H432/01 Turn over
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20

Describe and explain the relative reactivity of the halogens, chlorine, bromine and iodine, in their
redox reactions with halides, using reactions on a test-tube scale.

Include reaction equations and observations in your answer. [6]

Additional answer space if required.

H432/01



© OCR 2016

21

H432/01 Turn over



22

20 A student investigates the reactions of two weak monobasic acids: 2-hydroxypropanoic acid,
CH3CH(OH)COOH, and butanoic acid, CHsCH>CH.COOH.

(a) The student wants to prepare a standard solution of 2-hydroxypropanoic acid that has a pH of 2.19.

Plan how the student could prepare 250 cm? of this standard solution from solid 2-hydroxypropanoic
acid.

In your answer you should provide detail of the practical procedure that would be carried out,
including appropriate quantities and necessary calculations.

Ka for 2-hydroxypropanoic acid is 1.38 x 10~ mol dm™ at 25 °C.

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

© OCR 2016 H432/01
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(b) 2-Hydroxypropanoic acid is a slightly stronger acid than butanoic acid. The two acids are mixed
together and an acid-base equilibrium is set up.

Suggest the equilibrium equation and identify the conjugate acid—base pairs.

CH3CH(OH)COOH + CH3CH2CH2COOH = iiiiiniiniiniieiieiniiecieiiieneietiececnciaciecnecncnnces

[2]

(c) To prepare a buffer solution, 75.0 cm® of 0.220 mol dm™® butanoic acid is reacted with 50.0 cm® of
0.185 mol dm~ sodium hydroxide.

Ka for butanoic acid is 1.5 x 10> mol dm~3 at 25 °C.
(i) Calculate the pH of 0.185 mol dm~3 sodium hydroxide at 25 °C.

Give your answer to two decimal places.

(ii) Calculate the pH of the buffer solution at 25 °C.

Give your answer to two decimal places.

© OCR 2016 H432/01 Turn over
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Table 21.1 below gives the standard electrode potentials for seven redox systems.

24

You need to use this information to answer the questions below.

Redox system Equation E°/V
1 MnOs (aq) +8H*(aq) + 56- = Mn?*(aq) + 4H20(l) +1.51
2 Cr,07% (aq) +14H*(aq) + 6e- = 2Cr¥*(aq) + 7H.0(I) +1.33
3 Bra(aq) + 2" = 2Br(aq) +1.09
4 Ag'(ag) + e = Ag(s) +0.80
5 Fe**(aq) +e = Fe?*(aq) +0.77
6 Zn**(aq) + 26 = Zn(s) -0.76
7 Ce**(aq) +3e = Ce(s) -2.33

Table 21.1

(@) (i) Outline an experimental setup that could be used in the laboratory to measure the standard

cell potential of an electrochemical cell based on redox systems 4 and 5.

In your answer you should include details of the apparatus, solutions and the standard

conditions required to measure this standard cell potential.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

H432/01
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(ii) An electrochemical cell can be made based on redox systems 2 and 4.
The standard cell potential is +0.53 V.

State and explain the effect on the cell potential of this cell if the concentration of silver ions is
increased.

...................................................................................................... [2]
From Table 21.1, predict the oxidising agent(s) that will not oxidise Fe?*(aq) to Fe®*(aq).
............................................................................................................ [1]
An aqueous solution of iron(Il) bromide is mixed with an excess of acidified solution containing
manganate(VII) ions.

Using Table 21.1, give the formulae of the products of any reactions that take place.
............................................................................................................ [2]

H432/01 Turn over
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22  Astudent carries out a number of experiments on transition metal compounds.

4.800 g of a green hydrated crystalline solid A are heated in a crucible to remove the water of
crystallisation. 1.944 g of water are removed to leave 0.0180 mol of solid residue B.

Solid B contains 32.8%, by mass, of the transition metal.
All of B is reacted with AgNOz(aq) to form 7.695 g of a white precipitate, C.

The green crystalline solid A is dissolved in water to produce a green solution containing a
complex ion, D.

When aqueous sodium hydroxide is added to solution of D, a grey—green precipitate, E, is observed,
which dissolves in excess aqueous sodium hydroxide to form a green solution.

(a) Determine the formulae of A, B, D and E.

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

© OCR 2016 H432/01
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(b)* Transition metal complexes often have different shapes and may form a number of stereoisomers.

Describe the different shapes and the different types of stereoisomerism found in transition metal
chemistry.

Use suitable examples and diagrams in your answer. [6]

...................................................................................................................
...................................................................................................................
...................................................................................................................
...................................................................................................................
0 0000000000060000000000000000006000000000000060060000000000000600060000000000000000000000000000000000000000000000000000:

€0 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000:
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Additional answer space if required.

END OF QUESTION PAPER
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SECTION B
Question Answer Marks Guidance
16 | (a) 2 ALLOW half headed arrows
WAy T
2s 2p v
(b) The forward reaction is exothermic, so an increase in 2
temperature favours the backward reaction (owtte) ... v/
... therefore there will be more N2 and Hz OR less NH;s in the ALLOW names of compounds
equilibrium mixture, AND therefore the value of the ALLOW reactants/product instead of
equilibrium constant will decrease (owtte) v/ compounds
2"9 mark only available if deduced from 15t mark
ALLOW ECF for 2™ mark
(c) FIRST CHECK THE ANSWER ON THE ANSWER LINE 5 Final answer must be correct and have the

IF answer = 2.37 x 1078 kPa2 award 5 marks
IF answer = 2.37 x 1078 with incorrect units award 4 marks

At equilibrium,

n(Hz) = 0.300 (mol) AND

n(NHs) = 0.100 (mol) v
0.400

p(N2) = ——— x 500 = 250 kPa AND
0.800
o(Hz) = 2390 5 500 = 187.5 kPa AND
0.800
p(NH3) = O'lggx 500 = 62.5 kPa v
_ p(NH)? 625
" p(N) p(H,)* 250 187.5°
=2.37x10° v kPa? v

correct units to score all five marks
ALLOW calculator value for K correctly
rounded to three or more significant figures.

If there is an alternative answer, check to see
if there is any ECF credit possible using
working below

Correct values substituted into correct
expression for K, gains first three marks.
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Question Answer Marks Guidance
(d) FIRST CHECK THE ANSWER ON THE ANSWER LINE 3 If there is an alternative answer, check to see

IF answer = 2580 (tonnes) award 3 marks if there is any ECF credit possible using
working below
ALLOW 2.58 x 10° tonnes

n(NHz) = 1.96 x 10"® OR 8.167 x 108 (mol)

24 AW
AND 100% yield = 2.063 x 10" dm?® v/
n(Hz) = 8.167 x 108 x 3 = 1.225 x 10° (mol) v/ Amount of NH3 = 8.596 x 108 mol AND
2 Amount of H, = 1.289 x 10° mol v/
Mass of Hz = 2.450 x 10°= 2450 (tonnes) v/ Mass of H, = 2580 (tonnes) v/
1 x 106
Mass of Ha for 95% yield = 2450 x 100 = 2580 (tonnes)
95 v ALLOW 2579 (tonnes) (calculator answer
rounded to nearest whole number)
(e) | (i) | 2NH; + NaOCI — NzHs + NaCl + H,0 v 1
(i) | N 2 Diagram must attempt to show geometry around
H™ :\" H H
170 s Ny the nitrogen atom to be pyramidal
H V
Bond angle 107° v ALLOW 106-108°
Total 15
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17 | (@) | (i) | FIRST CHECK THE ANSWER ON THE ANSWER LINE 4 If there is an alternative answer, check to see
IF answer = 0.163 dm® mol~' s~ OR 0.1632 dm? mol~"' s~ if there is any ECF credit possible using
award 4 marks working below
IF answer = 0.163 OR 0.1632 with incorrect units award 3
marks
Order w.r.t. ICI=1 and orderw.rtH, =1 v Both orders = 1 mark
rate = K[IC{|[H2] v Correct rate equation or rearranged form = 1
mark
k=_2.04x102 = 0.1630R0.1632v dm®mol's™" v Candidates may use experimental data from
0.250 x 0.500 experiments 2 or 3 to calculate the rate constant
DO NOT ALLOW 0.16
(ii) | rate = K[IC{J[H2] (from (i)) D
=0.163x3x103x2x102=9.78 x 107 (mol dm=3s7") v/ ALLOW ECF from (i)
Note use of 0.1632 from (i) gives 9.79(2) x 10~/

10
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(b) A 25°C 2 Boltzmann distribution — must start at origin and

higher

number of temperature

molecules

I o

energy E
a

Correct curve for higher temperature v/

Activation energy shown on diagram

AND

graph shows that at higher temperature (owtte)

more molecules have energy above activation energy
OR more molecules have enough energy to react v/

must not end up at 0 on y-axis i.e. must not
touch x-axis at high energy

Maximum of curve to right

AND lower than maximum of lower temperature
curve

AND above lower temp line at higher energy as
shown in diagram

link to graph required for mark

Total

11
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18

AH calculation from experiment
g =100 x 4.18 x 20.5 OR 8569 J OR 8.569 kJ v/
Amount of butan-1-ol = 0.259 = 3.5 x 10=3 mol v/

74
AH = —2448 kJ mol-'v

AS calculation

AS = Sproducts — Sreactants

AS = (4 x 214) + (5 x 70) — [(228) + (6 x 205)]
OR

AS =1206 — 1458 v

AS =-252 J K" mol~" OR -0.252 kJ K-' mol! v/
AG calculation

AG = AH —TAS

AG = —2448 — (298 x —0.252) v

AG = 2373 (kJ mol") v

7

ALLOW Calculator value for AH =
—2448.285714 correctly rounded to three or
more significant figures

Mark for use of correct expression with AS in
kd K-' mol

ALLOW three or more sig figs for AG

Total

12
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19| (@ Mg(s) + 2HCl(aq) — MgCk(aq) + Hz(g) v 2 State symbols are required
Effervescence AND solid dissolves v/ ALLOW solid disappears
(b) Lattice enthalpy of MgCL is more exothermic than CaCl ... 3 ORA throughout
v
because magnesium ion/Mg?*is smaller (than calcium ALLOW ‘charge density’ here only
ions/Ca?") ALLOW magnesium/Mg is smaller
OR Mg?* has a greater charge density ... v/ DO NOT ALLOW Mg?*has a smaller atomic
radius
... therefore the attraction between Mg?* and Ct is greater DO NOT ALLOW chlorine ions
(than between Ca®*and CI) v/ DO NOT ALLOW Mg has greater attraction
ALLOW ‘attracts with more force’ for greater
attraction
but DO NOT ALLOW ‘greater force’ (could be
repulsion)
© | @O F 3 ALLOW
B 1450
G 736
E G
D 76
—642
FIVE correct 244
FOUR correct v IF only one or two correct, award 0 marks.
THREE correct v
(ii) | —-642 — (+76 + (2 x 150) + 736 + 1450 + (2 x —=349) ) v’ 2 ALLOW for 1 mark:
—2705 (2 x 150 and 2 x 349 not used for Cl)
—-642 — 1864 = — 2506 v (kJ mol™") —2356 (2 x 150 not used for Cl)
—2855 (2 x 349 not used for Cl)
+2506 (wrong sign)
DO NOT ALLOW any other answers

13
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(d)* Please refer to the marking instructions on page 4 of this 6 Indicative scientific points may include:

mark scheme for guidance on how to mark this question.

Level 3 (5-6 marks)

Describes and explains concisely the trend in reactivity of
the halogens

AND

Full observations of redox reactions backed up by at least
two equations

There is a well-developed explanation which is clear and
logically structured. The observations and equations are
relevant to those trends explained.

Clear and confident knowledge of relevant technical
language.

Level 2 (3—4 marks)

Describes and explains the trend in reactivity of the
halogens

AND

Is able to recall a redox reaction by suitable observations
and correctly link to an equation

There is an explanation with some structure. The
observations and equations are in the most-part relevant to
the trend explained.

Sound grasp of relevant technical language.

Level 1 (1-2 marks)

Describes the trend in reactivity of the halogens with some
attempt at explanation

AND

Is able to recall a redox reaction either by suitable
observation or by equation

Trend in reactivity

e More shells or increasing radius down the
group

e Increased shielding down the group

¢ More difficult to gain an electron

Observations

e Reaction of Cbk or Bry with I: orange/brown
solution OR purple in organic

e Reaction of CkL with Br: yellow solution OR
orange in organic

Reaction equations
e CbL+2Br—Br,+2CFE
e CL+2I">I,+2CF
OR Bro + 21— I+ 2Br
e Order of reactivity linked to observations

14
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There is an attempt at a logical structure with a line of
reasoning. The information is in the most part relevant.
0 marks
No response or no response worthy of credit.
Total 16

15
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20 | (8) [H]= 10" =102 =6.46 x 107 (mol dm=3) v 8
H']? _ (6.46 x 1073)?
[CH3CH(OH)COOH] = [Ka] - 138 x 10_4) v
= 0.0302 (mol dm=3) v
n(CH3CH(OH)COOH) = 0.302 x 250 = 0.0755 mol v
1000
Mass of CHsCH(OH)COOH = 0.0755 x 90 =6.80 g v/ ALLOW 5 marks for 6.80 g through any
calculation.
Dissolve 6.80 g of the solid in distilled water (less than 250 _ _
cm?) in a beaker v ALLOW ECF for incorrect calculation of mass.
Mass used must be linked to calculation.
(then) transfer the solution to a 250 cm?® volumetric flask AND
ensure that all solution is washed out of beaker (washings
transferred to volumetric flask) v/
(then) make solution up to 250 cm? with distilled water AND
ensure thorough mixing by inverting the flask several times v/

(b) CHsCH(OH)COO~ + CH3CH,CH,COOH;* v 2 State symbols NOT required
CH3sCH(OH)COOH AND CH3CH(OH)COO ALLOW labels ‘acid 1’, ‘base 1’ etc.
CH3CH2CH2COOH AND CH3CH,CH,COOH;* ALLOW ECF for second mark
Both pairs identified v/

16
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()| (i) |[H1=1x10" =5405x%10" (Use of Ky) v 2 ALLOW 5.405405405 x 10~'* and correct
0.185 rounding to 5.4 x 107

pH = —log(5.405 x 10~'%) =13.27 v ALLOW alternative approach using pOH:
pOH = —log(0.185) = 0.73
pH=14-0.73=13.27
Correct answer scores BOTH marks
ALLOW 13.267

(i) | n(A7) =9.25 x 1072 (mol) v/ 4 ALLOW HA/acid and A7/salt throughout for

butanoate and butanoic acid

n(HA) = 0.0165 - 9.25 x 102 = 7.25 x 1073 (mol) v/

[H'] = Ka x [HA] v/ ALLOW pK, = —log Ka OR —log 1.5 x 10° OR

[A7] 4.82
pH = —log(1.5 x 10~° x 0.058) = 4.93
0.074 ALLOW ECF from incorrect values of n(A”) or
-3 n(HA)
1000 x 72210 7.25x10°
OR pH = —log(1.5 x 105 x 125 _y-403 v ALLOW pH = —log(1.5 x 105 x ==~ ) =
1000)(9_25)(10* 9.25x10
125 4.93
Final mark also via Henderson—Hasselbalch equation:
pH = pKa — Iog[H—'f‘] =4.82-(-0.11)=4.93
[A']
OR pH = pK; + Iogﬂ =4.82+0.11=4.93 v
[HA]
Total 16

17
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' )
21| (@) | () V) 4
salt bridge
1 mol dm~2 Fe?*(aq)
1 mol dm—3Fe3* (aq)
1 mol dm=3 Ag*(aq) Pt metal
Ag metal
Half-cells (2 marks)
Ag(s) and 1 mol dm= Ag*(aq) v
1 mol dm~3 Fe?*(aq) AND 1 mol dm~3 Fe®*'(aq) AND Pt metal
v
Complete circuit (1 mark)
salt bridge AND voltmeter AND wires v
Standard conditions (1 mark) ALLOW 1 atm
298 K/25°C AND 100 kPa / 101 kPa pressure v
(ii) | (Electrode potential of) Ag*/Ag becomes more positive ... v/ 2 ALLOW equilibrium Ag/Ag* shifts to right
therefore, Ecei becomes smaller OR less positive. v/ ALLOW more negative
2" mark only available if deduced from 15! mark
ALLOW ECF for 2" mark

18
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(b) Ce* and Zn** v/ 1
(©) Mn?*, H.O, Fe®*, Br 2
Three species correct v/
Four species correct v/
Total 9

19
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22 | (a) 9

1. n(AgC)) formed = 7.695 = 0.05362 (mol) v
143.5

2. 0.0180 mol of B forms 0.05362 mol of CF

No of CF ions in formula of B = 0.05362 =3 v
0.0180

3. Molar mass of B = 2.856 = 158.7 (g mol™") v
0.0180

158.7 — (3 x 35.5) = 52.2 which is chromium v

4. n(H0) = 1.944 =0.108 (mol)
18

0.0180 mol CrCZ4: 0.108 mol H-0
OR 1 mol CrCk: 6 mol H,O v

A CrCl+6H20 (from points 2, 3and 4) v
B CrCk (from points 2 and 3) v

D [Cr(H20)6]** (from determination of A and understanding of

reaction with water) v

E Cr(OH)s (from understanding of reaction of D with aqueous

hydroxide) v

ALLOW Alternative working throughout

20
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(b)* Please refer to the marking instructions on page 4 of 6 Indicative scientific points may include:

this mark scheme for guidance on how to mark this
question.

Level 3 (5—6 marks)

Links together names of shapes with correct 3-D
diagrams

AND

Appreciates the two different types of isomerism and
labels diagrams appropriately

There is a well-developed line of reasoning which is
clear and logically structured. The information
presented is relevant and substantiated.

Demonstrates clear and confident knowledge of

relevant technical language using the terms

e non-superimposable mirror images within optical
isomerism

e opposite and adjacent/same side in cis—trans

Level 2 (3—4 marks)

Names and labels at least two of the shapes
appropriately giving 3-D diagrams

AND

Appreciates that two types of isomerism exist in
transition metal chemistry, gives diagrams to illustrate
at least one pair of isomers and names them correctly

There is a line of reasoning presented with some
structure. The information presented is in the most-part
relevant and supported by some evidence.

Answers question with a sound grasp of relevant
technical language using the terms

Shapes of complex ions

e six coordinate bonds: octahedral

¢ four coordinate bonds: tetrahedral or square planar
e 3-D diagrams with charges linked to shapes

2% 92
OH, cl
HZO/,/,, \\\\\O Hy ‘
“Cu's Cu Cl cl
/CU\ & \ %, \\\\\\
HO OH, cn Cl Pt
’ cl 7 My
OH, HaN 3

Octahedral ~ Tetrahedral Square Planar

cis—trans isomerism

¢ found in octahedral and square planar complexes
e trans — opposite; cis — adjacent / same side

e 3-D diagrams to illustrate

[ i l,/’" \\\\\C !

Cly, “\\\NHgl

Pt Pt
TR R [T B IV, i
cis trans
OR
OH, 2+ OH, 2+
HaNy,, | WOH H3N,, | aNH;
‘Cu’ "Cu’
HNT | un, HN? | n,
NH; OH,
cis trans

21
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. tetrahedral, octahedral _ _ _
o cis—trans OR optical Optical isomerism
e Found in octahedral complexes when bidentate
Level 1 (1-2 marks) ligands are present
Names and draws structures of two of the shapes e Isomers are non-superimposable mirror images
AND e 3-D diagrams to illustrate
Appreciates one type of isomerism that can be seen in
transition metal chemistry B B o+
Cl Cl
There is an attempt at a logical structure with a line of | N _ N, |
. . . .. NI CH e ~o
reasoning. The information is in the most part relevant. ,C|r\ /C\r\
HoN NH,
NH, N—CH, HZC_NszN
Answers question with a basic grasp of relevant H2C/ " " \/\CHz
technical language \ﬁ c
¢ links octahedral to six ligands and tetrahedral to four - : - - ’ -
ligands either in word or by diagram OR
e correctly links one type of isomerism to a structure
B Hp o+ [ Ha o+
0 marks we ¢ R
No response or no response worthy of credit. ERNI L BN
NaH._ | NHa— | C/NHZ\\ N,
NiZ 2 2 Ni
w” IN \
/ NH, ”Z—CHZ HxC N2 HoN \
HZC\ \/CHz
C C
L Hz _ L H,
Total 15
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Minor accessibility changes to the paper:

i) Additional answer lines linked to Level of Response questions
i) One addition to the rubric clarifying the general rule that working should be shown for any calculation

questions
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