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Answer ALL the questions in this section. You should aim to spend no more than 20 minutes on

1

SECTION A

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

In nitric(V) acid, HNO,, the oxidation number of the nitrogen is +5.
This means that the nitrogen in nitric acid

] A has five electrons in its outer shell.
[J B isanion with a charge of +5.

[J € would have a charge of +5 if its bonding electrons were transferred
completely.

[J D forms five covalent bonds in total.

(Total for Question 1 = 1 mark)

2 What are the components of the half-cell required to measure the standard reduction

potential of the following system?

Fe¥t(aq) + e = Fe*(aq)

lon(s) in the solution Metal electrode
0 A Fe?* iron
0 B Fe’* iron
0 C Fe2*and Fe** iron
] D Fe?*and Fe3* platinum

(Total for Question 2 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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3 The following cell is set up:

manganese metal strip L J chromium metal strip

salt bridge /

manganese(ll) sulfate chromium(lll) sulfate

solution T~ | | / solution

IS~ A
- -

The standard electrode potential of the chromium(lll)/chromium half cell is —0.74 V
and that of the manganese(ll)/manganese half cell is —1.19 V. Thus the emf of the cell,
as shown in the diagram, under standard conditions is

LJA +193V
1B +045V
[JC -045V
0D -193V

(Total for Question 3 = 1 mark)

4 The equation for the reaction of iron and nickel(ll) ions in aqueous solution is

Fe(s) + Ni**(aq) — Fe**(aq) + Ni(s)

Under standard conditions the value of the equilibrium constant, K, for this reaction
is greater than 1. Hence, for this reaction,

[0 A AS, and Er,uion are both positive.

[0 B ASi, is positive and E e,ion iS NEgative.
[0 € ASi.. is negative and E,.,.n is positive.
[0 D ASi.. and E,,.i0n are both negative.

(Total for Question 4 = 1 mark)

3
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5 Chlorine is prepared in the laboratory by the reaction of potassium manganate(VIl)

with concentrated hydrochloric acid. The ionic half-equations and their standard
electrode potentials are

5ClL(g) + e = Cl(aq) E~ = +136V
MnO, (aq) + 8H*(aq) + 5~ = Mn*(aq) + 4H,0() E~ = +1.51V

(@) Concentrated hydrochloric acid is preferred to 1 mol dm= hydrochloric acid
because

[0 A itlowers the activation energy of the reaction.
[ B thereaction is thermodynamically unfavourable under standard conditions.
[ C itincreases the rate of reaction.

[J D itincreases the equilibrium constant, K, for the overall reaction.

(b) From the half-equations it may be deduced that

1 A 1 mol of manganate(VIll) ions reacts with 5 mol of chloride ions.
[J B 5 mol of manganate(VIl) ions reacts with 1 mol of chloride ions.
[J € 1 mol of manganate(VIl) ions reacts with 2.5 mol of chlorine.

[J D 2.5 mol of manganate(VIl) ions reacts with 1 mol of chlorine.

(Total for Question 5 = 2 marks)

The electronic structure of the chromium(lll) ion, Cr3*, is

3d 4s
O A [Ad | T N
OB [Ad |T |7 0

Oc @ |t [T |71

Ob [Ad | [T

(Total for Question 6 = 1 mark)
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7 In the manufacture of sulfuric acid, sulfur dioxide is converted to sulfur trioxide using
a catalyst of vanadium(V) oxide:

250,(g) + O,(g) = 250,(g)

The electronic configuration of vanadium is [Ar] 3d?® 4s?, so the mechanism for this
reaction is most likely to involve a sequence in which vanadium(V) is converted to

] A vanadium(VI) by oxygen then back to vanadium(V) by sulfur dioxide.
[] B vanadium(VI) by sulfur dioxide then back to vanadium(V) by oxygen.
[J € vanadium(lV) by oxygen then back to vanadium(V) by sulfur dioxide.
[J D vanadium(lV) by sulfur dioxide then back to vanadium(V) by oxygen.

(Total for Question 7 = 1 mark)

8 Titanium has the electronic structure 1s?2s22p°€3s23p®3d?4s2. Which of the following
compounds is unlikely to exist?

A KTiF,
OB KTiF,
[ C KTi,0,
0D KTio,

(Total for Question 8 = 1 mark)

9 All metal hydroxides dissolve in acid. When aqueous solutions of sodium hydroxide
and ammonia are added separately to samples of chromium(lll) hydroxide, in both
cases the solid dissolves to form a green solution. How should these reactions be

classified?

sodium hydroxide ammonia
JA amphoteric amphoteric
(1B amphoteric ligand exchange
]cC ligand exchange amphoteric
L1D ligand exchange ligand exchange

(Total for Question 9 = 1 mark)

P 4 2 9 8 5 A 0 &5 2 8
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10 The ligands that form complex ions are either neutral, like NH,, or negatively charged,

"

like CN". Nickel(ll) ions, Ni**, form complexes with both these ligands. The bonding
between Ni** and the ligands in these complexes is

NH, CN-
L] A dative covalent dative covalent
1B ionic dative covalent
] ¢ dative covalent ionic
L0 D ionic ionic

(Total for Question 10 = 1 mark)

When excess aqueous ammonia is added to a solution containing Zn%**(aq) ions, a
colourless solution is formed. This solution is colourless because

[ A zinc does not form complex ions.

[J B the d orbitals of Zn?" in the complex formed are not split into different energy
levels.

[J € the energy difference between the d orbitals of Zn?* in the complex formed
does not correspond to the visible region of the spectrum.

[J D the d orbitals of Zn?* in the complex formed are full.
(Total for Question 11 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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12 Bromine reacts with benzene on heating in the presence of a catalyst and with
cyclohexa-1,3-diene in the cold. The types of reaction involved are

bromine with bromine with
benzene cyclohexa-1,3-diene
L]A addition addition
1B addition substitution
[]cC substitution addition
LID substitution substitution

(Total for Question 12 = 1 mark)

13 Phenylamine, C,H.NH,, and benzene react with bromine in a similar way, but
phenylamine reacts much faster. This increased rate of reaction is most likely due to
the effect that the

[J A electronegativity of the nitrogen has on the benzene ring.
[] B electronegativity of the nitrogen has on the bromine molecule.
[J € lone pair of electrons of the nitrogen has on the benzene ring.
L] D lone pair of electrons of the nitrogen has on the bromine molecule.
(Total for Question 13 = 1 mark)

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

7
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14 When dilute nitric(V) acid, HNO,, reacts with phenylamine, the ion formed is

1+

LI A

r I 1
=+ |
| =z T
T |
T

LI B

(N«

LI D

T
(EF— i
T =

(Total for Question 14 = 1 mark)

15 Methylamine, CH,NH,, is very soluble in water. This is because it

L[] A forms hydrogen bonds with water.

[] B formsLondon forces with water.

[] € exists mainly as ions in aqueous solution.

[] D existsasazwitterion.

(Total for Question 15 = 1 mark)
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16 The structure below shows the repeating pattern of a polymer.
_ H .
| @)
N
|
| H © _

Which of the following pairs of compounds could react rapidly to form this polymer?

n

OH
H.N HO
D A ’ \/\
NH, 0
O
cl
HzN Cl
D B \/\
NH, o)
O
NH,
c H.N
D C \/\ 2
Cl O
(0]
NH2
HO\/\ HZNN
LID OH 0
(0]

(Total for Question 16 = 1 mark)

9
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17 Which of the following structures best represents the amino acid, alanine, in an
aqueous solution with a pH of 12?

(Total for Question 17 = 1 mark)

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

10
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18 Which of the following is true for all amino acids?

All amino acids

LTA
[IB
Jc
[LID

19 Which of the following physical methods of chemical analysis is used in modern

exist as optical isomers.
are neutral in solution.
are essential to life.

are crystalline solids at room temperature.

(Total for Question 18 = 1 mark)

breathalysers?

LJA
[IB
Jc
LID

Infrared spectroscopy
Mass spectrometry
Nuclear magnetic resonance

Ultraviolet spectroscopy

(Total for Question 19 = 1 mark)

TOTAL FOR SECTION A =20 MARKS

P 4 2 9 8 56 A0 1 1 2 8
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.

20 Sodium dichromate(VI) may be prepared from chromium(lll) sulfate using the
sequence outlined below.

NaOH(aq) NaOH(aq)
_—

Cr,(SO,),(aq) ——————— green precipitate A green solution B

Heat with H,O_(aq)

Reagent X
Na.Cr.O_(aq) 9 yellow solution C

27277

(@) (i) Complete the table below, giving the formula of the chromium containing

species.
Formula of chromium
Substance . . .
containing species
Cr2(SO4)3(aq)

Green precipitate A
Green solution B

Yellow solution C

(ii) Complete the half equation for the reduction of hydrogen peroxide, H,O,(aq).

12
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(iii) Identify reagent X

(iv) Write an ionic equation for the conversion of solution C to Na,Cr,0.. State
symbols are not required.

(b) Chromium also exists in a +2 oxidation state. Use the Data booklet to determine

the feasibility of the disproportionation of chromium(lll) in aqueous solution into
chromium(ll) and dichromate(VI).

In your answer, show both half equations and the overall equation for the
proposed disproportionation. Calculate Ef;” for this reaction and use this value to
predict the feasibility of this reaction.

(Total for Question 20 = 11 marks)

P 4 2 9 8 56 A0 1 3 2 8
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21 Hydrogen combines rapidly with oxygen in the presence of a platinum catalyst:
H,(g) + %20,(g9) — H,0(])

The reaction is highly exothermic.

(@) Use the thermochemical data from the data booklet to obtain the enthalpy
change for this reaction under standard conditions.

(b) The same reaction occurs, also with a platinum catalyst, in a fuel cell.
(i) Write the two ionic half equations which occur in an alkaline fuel cell. Include

state symbols.

Equation 1

Equation 2

(ii) The alkali in an alkaline fuel cell serves the same purpose as the acid in an acid
fuel cell. State this purpose.

14
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*(iii) Platinum catalyses both the direct combination of hydrogen with oxygen and
the reactions in the fuel cell. By considering the way in which the catalyst
lowers the activation energy, suggest two similarities in these processes.

(c) The use of hydrogen as a fuel, both in fuel cells and in direct combustion
reactions, is seen as an important potential alternative to fossil fuels.

(i) State what is considered to be the main advantage of hydrogen compared
with fossil fuels, bearing in mind that most hydrogen is obtained from fossil
fuels.

*(ii) Explain the main advantage of using a fuel cell over direct combustion of
hydrogen.

P 4 2 9 8 56 A0 1 5 2 8

15
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(iii) State a disadvantage of using a hydrogen fuel cell compared with direct
combustion of hydrogen.

(iv) Suggest two advantages of using an ethanol fuel cell rather than a hydrogen
fuel cell.

(Total for Question 21 = 13 marks)

16
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22 (a) Benzenesulfonic acid (structure ) may be prepared from benzene. The reaction
is a typical electrophilic substitution in which the electrophile is sulfur trioxide
(structure 11).

|
O0=S=0
(0]
AN
S=0
Va
0]
Structure | Structure Il

(i) Identify the reagent used as the source of sulfur trioxide in this preparation.

(ii) On the formula of sulfur trioxide below, show the partial charges on each
atom and explain how they arise.

0)
N\
S
7
0)

=0

Structure Il

P 4 2 9 8 56 A0 1 7 2 8
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(b) The mechanism for the electrophilic substitution reaction between benzene and
sulfur trioxide to form benzenesulfonic acid is similar to that for the nitration of
benzene.

(i) Complete the first step of this mechanism by adding two curly arrows.

(ii) The mechanism for the formation of benzenesulfonic acid has two further
steps. Complete the mechanism, showing curly arrows where appropriate.

18
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(c) At one time the main industrial use for benzenesulfonic acid was in the
manufacture of phenol in a two-stage process. In the first stage, benzenesulfonic
acid was reacted with sodium hydroxide forming an intermediate organic
compound along with sodium sulfite, Na,SO,, and water. In the second stage,
the intermediate organic compound was reacted with hydrochloric acid to form
phenol.

(i) Write the two equations for the manufacture of phenol by this method. State
symbols are not required.

(ii) Nowadays, phenol is manufactured using the Hock process which is
summarised below.

O—H
©+—J+O=O%@+*<
o

Suggest why the Hock process is preferred.

(Total for Question 22 = 13 marks)

19
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23 (a) The following data were obtained from experiments on solutions of aqueous
amines of the same concentration.

Amine Formula pH of solution
Butylamine CH,CH,CH,CH,NH, 11.9
Dibutylamine (CH,CH,CH,CH_),NH 12.1
Phenylamine (aniline) CH.NH, 8.8

(i) Identify the feature of the amine molecules that causes the solutions to be
alkaline.

(i) Write the equation for the reaction that occurs when butylamine is dissolved
in water. State symbols are not required.

*(iii) Suggest why the dibutylamine solution is more alkaline than the butylamine
solution.

) R T A
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*(iv) Suggest why the phenylamine solution is much less alkaline than the
butylamine solution.

(b) When butylamine is added to an aqueous solution of copper(ll) sulfate, initially a
pale blue precipitate is formed. When excess butylamine is added, the precipitate
dissolves to form a deep blue solution.

Complete the equations below. State symbols are not required.
| Formation of the pale blue precipitate
Cu(H,0)* + 2CHNH, —

[l The overall equation for the formation of the deep blue solution

Cu(HZO)62+ + 4CHNH, —

21
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*(c) When phenylamine is treated with a mixture of sodium nitrite, NaNO,,
and hydrochloric acid at about 5 °C, the resulting solution contains the
benzenediazonium ion. If the temperature of this solution is allowed to rise
above 10 °C, the benzenediazonium ion reacts to form phenol:

H
AN
)

=Z+
I
z

+ H,0 >10°C + N + H

By considering the role of the water molecule in this reaction, state the type and
mechanism occurring and explain why it is unusual in benzene chemistry.

(Total for Question 23 = 12 marks)

TOTAL FOR SECTION B = 49 MARKS

22
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SECTION C

Answer ALL the questions. Write your answers in the spaces provided.

Ethanedioic acid (also known as oxalic acid) is a dicarboxylic acid. Like sulfuric acid, it
has two replaceable hydrogen atoms so it dissociates in two stages which are shown
below. Acids like these are called ‘dibasic’.

0 OH 0 o}

N / N /
c—C (aq) — c—C (aqg) + H*(aq)
/ N / N

HO 0] HO O

0 O- 0 O

N / AN /
—C (agq) — c—C (aq) + H*(aq)
/ N / N

HO 0 -0 o)

As is always the case with dibasic acids, the first dissociation occurs to a far greater
extent than the second. Ethanedioic acid is a carboxylic acid but, because there are two
carboxyl groups, it is a much stronger acid than ethanoic acid.

Ethanedioic acid is toxic, mainly due to the precipitation of calcium ethanedioate in
the kidneys. As it occurs in many plants, the toxicity of ethanedioic acid has caused

a number of deaths notably during the First World War when people in England

used rhubarb leaves, which contain significant concentrations of the compound, as a
vegetable substitute. As it is a reducing agent, the concentration of ethanedioic acid is
usually determined by titration with a solution of potassium manganate(VIl) of known
concentration.

The ethanedioate ion, which is formed when ethanedioic acid dissociates fully, is a
bidentate ligand. The ethanedioate ion together with 1,2-diaminocyclohexane, another
bidentate ligand, forms a complex with platinum(ll) called oxaliplatin which has the
same geometry as cisplatin. Oxaliplatin is an anti-cancer drug, which has been used to
treat cancers that have become resistant to cisplatin.

Ethanedioic acid has numerous uses, from cleaning and rust removal to the purification
of metals. Although it can be prepared from ethene in a two stage process, it is usually
manufactured by the oxidation of carbohydrates or glucose using nitric acid, or air, in
the presence of vanadium(V) oxide.

23
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(@) (i) Suggest why the presence of the second carboxylic acid group increases
the extent of the first dissociation of ethanedioic acid compared with the
dissociation of ethanoic acid.

(i) Explain, by referring to the equilibria in the passage, why the second
dissociation of a dibasic acid occurs to a lesser extent than the first.

24
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(b) In an experiment to determine the proportion of ethanedioic acid in rhubarb
leaves, 250 g of leaves was crushed and boiled in a solution of sodium carbonate.
The resulting mixture was filtered and the filtrate transferred, along with washings
from the mixture, to a 250 cm? volumetric flask. The solution was acidified with
sulfuric acid, made up to the mark and mixed thoroughly. 25.0 cm? portions
of the solution were pipetted into a conical flask, about 25 cm? of sulfuric acid
added and the mixture titrated against a solution of potassium manganate(VIl) of
concentration 0.0200 mol dm=. The mean titre was 28.55 cm?®. The relevant ionic
half equations for the reaction are

MnO, (aq) + 8H*(aq) + 5~ — Mn2*(aq) + 4H20(I)
C,0,7(aq) — 2CO,(g) + 2e-

(i) State the colour change that occurs at the end-point of the titration.

*(ii) Calculate the percentage by mass of ethanedioic acid in rhubarb leaves.

25
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(c) (i) Explain the term ‘bidentate’.

(ii) Draw a diagram of the oxaliplatin(ll) complex, showing clearly the geometry
and charge of the complex and how the ligands are attached to the central
ion.

(d) (i) Suggest a two step laboratory synthesis of ethanedioic acid from ethene.
Indicate the intermediate compound formed and the reagents required.

26
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(i) Suggest why it is preferable from an environmental perspective that
ethanedioic acid is manufactured from carbohydrates and glucose rather than
from ethene.

(iii) A sample of ethanedioic acid, manufactured from glucose, was contaminated
with a small amount of propanoic acid.

High resolution nmr may be used to distinguish propanoic acid from
ethanedioic acid.

Describe the high resolution nmr spectra of both propanoic acid and
ethanedioic acid. Do not include chemical shift data in your answer.

(Total for Question 24 = 21 marks)

TOTAL FOR SECTION C =21 MARKS
TOTAL FOR PAPER =90 MARKS
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