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SECTION A

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

1

cross X.

Manganese forms a complex with carbon monoxide, with the formula Mn,(CO),,. The
oxidation number of manganese in Mn,(CO),, is

L] AO
] B +2
L] € 45
] D +10
(Total for Question 1 = 1 mark)

The reduction of nitrate(V) ions by aluminium in alkaline conditions may be
represented by the equation below.

xNO; + yAl + aOH + bH,0 — xNH; + yAl(OH),

From the change in the oxidation numbers of nitrogen and aluminium, it can be
deduced that the values of x and y are

[0 A x=3andy=2
[J B x=2andy=3
[J € x=8andy=3
[0 D x=3andy=8

(Total for Question 2 = 1 mark)

Which of the following is correct for the standard hydrogen electrode?
[J A The temperature is kept at 273 K.

[0 B Sulfuric acid with a concentration of 0.5 mol dm= is used.

[l € The metal electrode is copper foil.

[l D The hydrogen pressure is 1 atmosphere.

(Total for Question 3 = 1 mark)
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4 The standard electrode potentials of two electrode systems are given below.
Cri*(aq) + 3e~ = Cr(s) E®=-0.74V
Cd*(aq) + 2e- = Cd(s) E“=-040V
Calculate the EZ, for the reaction
2Cr(s) + 3Cd**(aq) — 3Cd(s) + 2Cr**(aq)
LJA -034V
1B +034V
[J]C -0.28V
[ID +0.28V
(Total for Question 4 = 1 mark)
5 The calculated E* for a reaction is positive but no reaction occurs when the reagents
are mixed under standard conditions. It can be deduced that

[J A thereaction is thermodynamically feasible and the reaction mixture is
kinetically stable.

[] B the reaction is thermodynamically feasible and the reaction mixture is
kinetically unstable.

[J € the reaction mixture is thermodynamically and kinetically stable.

[] D the reaction mixture is thermodynamically stable and kinetically unstable.

(Total for Question 5 = 1 mark)

6 The electronic configuration of the iron(ll) ion, Fe?*, is

3d 4s
LJA [Ar] th] 1 I T
L1B [Ar] ! 1 1 ! T
LJC [Ar] ! | I ! 1 I
LID [Ar] |1 1 ! f

(Total for Question 6 = 1 mark)

3
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7 Transition metal compounds often have catalytic properties. The best explanation
for this is that

[J A transition metal compounds usually have a much larger surface area than
other metal compounds.

[J B transition metal ions readily promote electrons to higher energy levels by
absorbing electromagnetic radiation in the visible region.

L] € relatively small amounts of energy are required to change the oxidation state
of a transition metal.

] D theionization energies of transition metals are much lower than those of
other metals.

(Total for Question 7 = 1 mark)

8 What are the shapes of the dichlorocuprate(l) ion, CuCl;, and the
tetrachlorochromate(lll) ion, CrCl,?

CuCl; CrCl,
L1 A V shaped tetrahedral
B linear tetrahedral
] C V shaped square planar
D linear square planar

(Total for Question 8 = 1 mark)

9 When dilute agueous ammonia is added to an aqueous solution of a metal ion, a
green precipitate is formed which dissolves slowly in excess ammonia to form a green
solution. What is the metal ion present in the original solution?

L] A N
[] B Fe*
[J € Cu*
] D Cr*

(Total for Question 9 = 1 mark)
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10 The iron(ll) ion forms complexes with monodentate ethanoate ions and bidentate
ethanedioate ions. The complexes with ethanedioate ions are more stable. What is
the best explanation for this?

[J A Ethanedioate ions form stronger bonds than ethanoate ions with iron(ll) ions.

[J B Ethanedioic acid is a stronger acid than ethanoic acid.

[J € The formation of the ethanedioate complex produces more particles in solution.
[] D Ethanedioic acid forms stronger hydrogen bonds than ethanoic acid.

(Total for Question 10 = 1 mark)

11 The diagram below summarises a sequence of reactions involving chromium compounds.

Chromium(IIl) Zn / H,50, blue filter & allow to green
—> . : .
sulfate solution stand solution
H,0, in
NaOH
orange  _ H,S0, yellow
solution solution

How many different oxidation states of chromium are involved in this sequence?
JA 2
OB 3
Oc 4
oD 5

(Total for Question 11 = 1 mark)

5
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12

13

14

All the bond angles in the benzene molecule are 120°. Which of the following
provides the best evidence for this?

] A Valence shell electron pair repulsion theory
[0 B X-ray diffraction
[J € High resolution nuclear magnetic resonance

[l D Infrared spectroscopy

(Total for Question 12 = 1 mark)
Benzene burns with a very smoky flame. This is evidence for the extent to which the
benzene molecule is
[0 A delocalised.
[0 B stabilised.
[0 € unsaturated.

[0 D activated.

(Total for Question 13 = 1 mark)

When bromine water is added to benzene, no reaction occurs. However, when
bromine water is added to an aqueous solution of phenol, a white precipitate with an
antiseptic smell is formed. What is the explanation for this difference?

] A Bromineis a powerful electrophile.

[0 B The benzene ring in phenol is activated.

[] € The reaction of phenol with bromine is similar to the iodoform reaction.
[l D The OH group in phenol is much more acidic than that in ethanol.

(Total for Question 14 = 1 mark)
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15 The repeat unit of a polymer is shown below.

o

0) NH,

What is the structure of the monomer?

0
2

(Total for Question 15 = 1 mark)
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16 An organic compound reacts with dilute sulfuric acid to form a colourless solution
which produces a white solid on evaporation. It also gives a pale yellow solid on
reaction with iodine in sodium hydroxide. The compound is

@)
oA )

NH,

DBOZ/_\

NH,

(Total for Question 16 = 1 mark)
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17 An organic compound produces steamy fumes with phosphorus(V) chloride but does
not react with 2,4-dinitrophenylhydrazine. The compound is

e

X

0

A OH

0

0

OB /—<

0 0o—

0

OH

oc /_% —_—

0

OH

e

/

0 OH

(Total for Question 17 = 1 mark)
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18 In the mass spectrum of an organic compound, the molecular ion occurs at m/e = 86.

Which of the following could be the empirical formula of the compound?

L] A CgHy,

1 B GCHyN

[J € GH,,0

[ D CH,F

(Total for Question 18 = 1 mark)

19 The high resolution proton nmr spectrum of propan-1-ol, CH;CH,CH,OH, contains

four peaks. What is the splitting pattern of the four peaks?

[Where 1 represents a singlet, 2 represents a doublet, etc.]

L] A 3221
[0 B 3431
[ € 3631
[l D 3642
(Total for Question 19 = 1 mark)

20 Which of the following techniques would be the least effective as a control measure
to reduce risk when heating a flammable liquid?

The use of

[J A an electrical heater.

[J B afume cupboard.

[J € asmall quantity of the liquid.

[] D areflux condenser.

(Total for Question 20 = 1 mark)

TOTAL FOR SECTION A =20 MARKS

10
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SECTION B

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

21 Brass is an alloy of copper and zinc, often with traces of other metals. The copper
content of brass can be determined by dissolving the metal in concentrated nitric acid
and measuring, by titration, the concentration of the copper(ll) ions formed.

(@) When concentrated nitric acid reacts with copper, the copper dissolves and one of
the products is dinitrogen tetroxide, N,0,.

(i) Use the data on page 15 of the Data Booklet to write the ionic half-equations
for this reaction of copper with concentrated nitric acid. State symbols are not

required.

(ii) Write the overall equation for the reaction of copper with concentrated nitric acid
and calculate E, for the reaction. State symbols are not required.

(iii) State one observation that you would expect to make when copper dissolves
in concentrated nitric acid.

11
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(b) 1.35 g of a sample of rivet brass was dissolved in concentrated nitric acid. The
resulting mixture was boiled and then allowed to cool before being transferred to
a volumetric flask. The solution was made up to 250 cm? with distilled water and
mixed thoroughly.

Excess potassium iodide solution was added to 25.0 cm? samples of this solution,
and the liberated iodine determined by titration with a solution of sodium thiosulfate
of concentration 0.0505 mol dm=3. The mean titre was 26.35 cm?>.

(i) Write the ionic equation for the reaction of the copper(ll) ions with iodide ions
to form copper(l) iodide and iodine. State symbols are not required.

(i) Write the ionic equation for the reaction of iodine with thiosulfate ions.
State symbols are not required.

(iii) Use the equations in (b)(i) and (b)(ii) to show that the amount of copper(ll) ions
is equal to the amount of thiosulfate ions.

’ R 0 R
P 4 5 0 4 5 A 0 1 2 2 8



(iv) Calculate the percentage by mass of copper in the sample of rivet brass.

13
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(c) (i) The reaction mixture in (b) was boiled before being transferred to a

volumetric flask. This removed dissolved nitrogen oxides which would
otherwise oxidize the iodide ions.

Explain the effect that omitting this step would have on the value obtained
for the percentage of copper.

(i) Any nitrogen oxides that remain after boiling can be removed by the addition
of urea. When this was done, the mean titre changed by 0.25 cm?,

By considering the uncertainties in the various measurements, explain
whether the addition of urea is worthwhile.

(d) Both copper and zinc are d-block elements, but only copper is a transition metal.

(i) Explain the term d-block element.

14
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(i) Explain why copper is classed as a transition metal but zinc is not.

(iv) Although zinc is not a transition metal, zinc(ll) ions form complexes. Explain
why these complexes are colourless.

(Total for Question 21 = 23 marks)

15
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22 Mandelic acid, 2-hydroxy-2-phenylethanoic acid, has a long history of medical use as
an antibiotic and as a component of some cosmetic face creams. It was first obtained
from an extract of bitter almonds and ‘Mandel’ is the German word for almond.
Mandelic acid can be synthesized from benzene in the sequence shown below.

C”) (|)H
C—H CH
@ Stage 1 @/ Stage 2 @/ \C

benzaldehyde
benzene benzaldehyde cyanohydrin

\ Stage 3

N

mandelic acid

(@) (i) Use your knowledge of electrophilic substitution to suggest the identity of the
electrophile in Stage 1 of the synthesis.

"’ R O
P 4 5 0 4 5 A 0 1 6 2 8



(i) Write the mechanism for the electrophilic substitution in Stage 1, using the
electrophile that you have given in (a)(i).

(iii) State the reagents and conditions required for Stage 2. You may assume that
the reaction is carried out at a suitable temperature.

17
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(b) Cyclandelate is a vasodilator (causes blood vessels to dilate) used in the treatment
of arteriosclerosis (hardening of artery walls). The structure of cyclandelate is
shown below.

OH

(i) Suggest a single stage synthesis of cyclandelate from mandelic acid. Draw the
skeletal formula of the organic compound that would be required and state
any essential reagents and conditions.

(i) Suggest a disadvantage of using the synthesis that you have suggested in
(b)(i) for the large scale manufacture of cyclandelate.

18
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(iii) An alternative two stage synthesis of cyclandelate was proposed. This
involved reacting mandelic acid with phosphorus(V) chloride. Explain why
this suggestion is unsatisfactory.

(c) Cyclandelate has three asymmetric carbon atoms.

(i) Circle these three asymmetric carbon atoms on the structure below.

OH

(i) Explain the possible problem that the presence of asymmetric carbon atoms
might cause with the medical applications of cyclandelate.

(Total for Question 22 = 16 marks)

19
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23 Compound P is a very dark purple solid which gives a lilac flame in a flame test.

A sample of P was dissolved in dilute sulfuric acid to form a purple solution.

A gaseous hydrocarbon, M, was bubbled into this solution which rapidly formed
a colourless solution, containing an organic compound, N, and an inorganic
compound, Q.

When aqueous sodium hydroxide was added to Q, a very pale brown precipitate, R,
formed. R darkened on standing in air to form a dark brown solid, S, which was
filtered off and heated to form a dark brown metal oxide, TO,.

The reaction sequence is summarised below.

SolidP ™%, sojutionofp —M ,  SolutionofN
and Q
NaOH
heat air
TO, R — Solid S <«——  SolidR

(@) Analysis of TO, showed that it contained 36.82% by mass of oxygen. Calculate the
molar mass of the metal, T, and hence identify T. You must show your working.

) R 0 A
P 4 5 0 4 5 A0 2 0 2 8



(b) The mass spectrum of the organic product N, formed when M is reacted with the
solution of P, is shown below.

100

Relative 80 ]
intensity -

1 i t | 1 1 | 1 1
0.0 15 30 40 50 60 70 80 90
m/e

(ii) Identify, by name or formula, M and N.

21
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(c) (i) Write an ionic equation for the formation of the very pale brown precipitate, R.
Include state symbols in your answer.

(ii) Suggest an equation for the conversion of the dark brown solid, S, to TO,.
State symbols are not required.

(d) Write the formula of the cation in P and hence give the formula of compound P.

(Total for Question 23 = 12 marks)

TOTAL FOR SECTION B =51 MARKS

22
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24

SECTION C

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

Organic Nitrogen Chemistry

Organic compounds that contain nitrogen are vital to life, but are also important in
everyday applications of chemistry.

The simplest organic nitrogen compounds are amines, which may be regarded as
derivatives of ammonia in which one or more of the hydrogen atoms of ammonia have
been replaced by an alkyl group or an aryl group. Some simple amines are shown below.

HsC HsC
AN AN
ch_NHz NH N _CH3 NHZ
/ /

HsC H,C
methylamine  dimethylamine trimethylamine phenylamine (aniline)

Amines with one alkyl group are called primary, with two alkyl groups secondary and with
three alkyl groups tertiary. Because of the presence of nitrogen, the physical and chemical
properties of alkyl amines are similar to those of ammonia but the similarities are less
marked with phenylamine.

Amides are carboxylic acid derivatives which have a carbonyl group adjacent to an
amine group. The simplest amide is ethanamide:

/O
H3C_C
AN
NH,
ethanamide

Because the two groups are adjacent, the chemical properties of amides are different from
those of amines.

Amino acids are compounds with an amine group and a carboxylic acid group. The
presence of these two functional groups gives amino acids properties that are also
different from those of amines. The great significance of the amino acids is their ability

to form polymers called polypeptides, leading to the formation of proteins, the building
blocks of life. To form polypeptides, amino acids are joined by the amide group, sometimes
called the peptide link.

23
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(@) Methylamine boils at 267 K and dissolves in water to form an alkaline solution.

(i) Explain why methylamine has a higher boiling temperature than ammonia.
A detailed description of the forces involved is not required.

*(ii) Explain why primary amines are soluble in water but their solubility decreases
as molar mass increases.

(iii) Write an equation for the reaction of methylamine with water to produce an
alkaline solution. State symbols are not required.

24
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(iv) Suggest why dimethylamine is more basic than methylamine and why both
are much more basic than phenylamine.

(b) The interaction of the carbonyl group and the amine group in ethanamide may
be shown by the following diagram.

(ii) Draw a diagram showing the ethanamide molecule if the changes indicated
by the arrows go to completion.

25

R0 A 0 Turn over
P 4 5 0 4 5 A 0 2 5 2 8



(iii) Suggest why the carbonyl group in an amide does not react with
2,4-dinitrophenylhydrazine.

(c) The structures of the two simplest amino acids are shown below.

H.N OH H.N OH
AN / N\ /
HZC—C\ EC—C\
(0] H,C (0]
glycine alanine

(i) Draw the structures of the two compounds, called dipeptides, that can be
formed when glycine and alanine combine. Any double bonds must be
displayed.

26
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(i) In practice, glycine and alanine do not combine readily. Suggest a reason for
this.

*(iii) Describe in outline how a mixture of amino acids can be separated and
identified using thin layer chromatography. You may assume that a suitable
solvent is available.

(Total for Question 24 = 19 marks)

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