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

Which species contains an element with the same oxidation number as vanadium has
in NH,VO,?

L] A [AlH,]
1 B K,MnO,
[J € NaClo;
[0 D [Fe(CN)*

(Total for Question 1 = 1 mark)

2 Which of the following is not a disproportionation reaction?

[J A 2NaHCO; — Na,CO; + CO, + H,0
[ B 6KOH + 31, — KIO; + 5KI + 3H,0
[0 € 2H,0, - 2H,0 + O,

[0 D 2Cul — Cul, + Cu

(Total for Question 2 = 1 mark)

3 The half-equation of a standard half-cell containing Zn**(aq) | Zn(s) is

Zn’*(aqg) + 2e” = Zn(s) E® =-0.76V

This is connected to a standard hydrogen electrode in a circuit and a current flows.
At the zinc electrode

[ A zinc atoms are reduced.
[] B zincions are reduced.
[ € zinc atoms are oxidized.

[J D zincions are oxidized.

(Total for Question 3 = 1 mark)
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4 Use the data provided to deduce the species which reacts with V**(aq) to form VO**(aq).

Electrode reaction Standard electrode potential/V
Fe’*(aq) + 2e” = Fe(s) -0.44
VO*(aq) + 2H'(aq) + e* = V**(aq) + H,0(l) +0.34
Ag'(aq) + e” = Ag(s) +0.80

[JA Fe*(aq)
] B Fe(s)

o 0 C Ag'aq)
[0 D Ag(s)

(Total for Question 4 = 1 mark)

5 In afuel cell breathalyser, the following reaction occurs at one electrode.
C,H;OH(g) + H,O(l) -» CH;COOH(aq) + 4H"(aq) + 4e”

The reaction occurring at the other electrode is

] A 4H'(aq) + O,(g) + 4e” — 2H,0(l)
] B 2H,(g) + 20,(g) + 4e” — 40H(aq)
[J € 40H (aq) — 2H,(g) + 20,(g) + 4e”

s
S
DO

[0 D 2H,0(l) — 4H"(aq) + O,(q) + 4e”

@,530
e

(Total for Question 5 = 1 mark)
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6 Dilute aqueous sodium hydroxide and dilute aqueous ammonia are added to
separate samples of aqueous nickel(ll) chloride. In each case a green precipitate
forms. What would be observed when excess alkali is added to the green precipitate?

Addition of excess NaOH(aq)

[J | A | Precipitate remains

[J | B | Precipitate remains
Precipitate dissolves to form a
green solution

Precipitate dissolves to form a
green solution

Addition of excess NHs(aq)
Precipitate remains

Precipitate dissolves to form a
blue solution

Precipitate remains

Precipitate dissolves to form a
blue solution

(Total for Question 6 = 1 mark)

7 In the reaction of sodium thiosulfate solution with iodine, the half-equation for the

reaction of the thiosulfate ions is

0 A S,05 + 3H,0 - 2503 + 6H" + 4e”

[0 B S,05 +3H,0 + 4e” — 2S0; + 6H"

[0 € 25,05 +2e — S,05
0 D 25,05 — S,0; + 2e”

(Total for Question 7 = 1 mark)

8 In the titration of sodium thiosulfate solution with iodine, starch indicator is added

near the end-point. This is because

[J A thereis no warning of the end-point if starch is added at the start.

[J B high concentrations of iodine decompose the starch.

[J € the blue-black colour showing the presence of iodine would not be seen.

] D aninsoluble complex forms between starch and high concentrations of iodine.

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

(Total for Question 8 = 1 mark)
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9 Evidence that the carbon-carbon bonds in benzene are all the same length is
provided by

L] A X-ray diffraction.
[J B infrared spectroscopy.

[] € acomparison of the enthalpy changes for the addition of hydrogen to
benzene and the theoretical compound cyclohexa-1,3,5-triene.

[] D acomparison of the rates of reaction of benzene and alkenes with bromine.

(Total for Question 9 = 1 mark)

10 The product of the reaction of benzene with sulfur trioxide dissolved in concentrated
o sulfuric acid is

L1 A CgHsSO;
1B C¢HsSO;H
[1 € CgHsSO,
[1 D CgHsHSO,

(Total for Question 10 = 1 mark)

11 Benzene reacts with ethanoyl chloride in the presence of aluminium chloride.
The equation for the reaction of ethanoyl chloride with aluminium chloride is

[J A CH,COCL + AlCl; — [CHsCO]™ + AlCL;
[J B CH,COCl + AlCl; — [CH5CO]" + ALCL;

s
S
DO

[J € CH;COOCl + AlCl; — [CH,COQ]™ + ALCL;
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[0 D CH,COOCl + AlCl; — [CH,COOQ]" + ALCL,
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(Total for Question 11 = 1 mark)
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12 In the high resolution proton nmr spectrum of butanone, C,H;COCH;, there will be
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[] D onesinglet, one doublet and one triplet.

(Total for Question 12 = 1 mark)
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The compounds C,H;COOCH; and CH;COOC,H; are most easily differentiated by the
[J A infrared spectra outside the fingerprint region.

[J B fragmentation patterns in their mass spectra.

[J € splitting patterns in their high resolution nmr spectra.

[J D numbers of peaks in their low resolution nmr spectra.

(Total for Question 13 = 1 mark)

The infrared spectrum of an organic compound with molecular formula CgHgO, has a
strong peak in the range 1700-1680cm ™' and a broad peak above 3300cm™.

The compound could be
[J A H;CCH,COOH
[] B C4HsCH,COOH
[] € CHsCOOCH,
[J D HOCH,COCH;

(Total for Question 14 = 1 mark)

An organic compound is very soluble in water forming an alkaline solution that reacts
with copper(ll) ions to give a coloured product.

The compound is most likely to be

1 A CHoNH,
1 B CHCN
[1 € CgHsNH,
L1 D CgHsNO,
(Total for Question 15 = 1 mark)
The polymer poly(ethenol), which has the formula CH,CH(OH)}; is used to make

capsules for liquid detergents because

L] A itisinert.

1 B itis water-soluble.

[J € London forces between its molecules are very strong.

[] D itneutralises acids that could harm fabrics.

(Total for Question 16 = 1 mark)
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17 The formula of the repeat unit of a polymer is +OC(CH,),CONH(CH,)sNH{$.

The polymer is formed by the reaction of

O
Cl NH
/////\\\\\////”\\\\v////“\\\\///// 2
1A cl and H,N
(0]
(0]
/\/\/OH NH,
1B HO and H,N
0]
(0]
Cl NH
/////\\\\\v////A\\\\v////”\\\\\///// 2
[]cC cl and H,N
(0]
OH
P /\/\/NHz
9P o N

(Total for Question 17 = 1 mark)

18 On combustion, 0.50 mol of a primary alcohol produced 45 g of water and 889 of
carbon dioxide.

The alcohol could be
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(Total for Question 18 = 1 mark)
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19 Crystals of methyl 3-nitrobenzoate can be prepared by nitration of methyl benzoate.
The reaction is carried out in a flask surrounded by ice, and the product is purified by
recrystallization from ethanol.

o
\N+
VA
0]
0 0
d e d
\ \
CHS CH3
methyl benzoate methyl 3-nitrobenzoate
Molar mass = 136g mol™ Molar mass = 181g mol™

(@) In this preparation, 2.00 g of methyl benzoate produced 1.50 g of methyl 3-nitrobenzoate.

The percentage yield is

L] A 829
] B 750
[] € 56.4
[ D 150

(b) In the recrystallization step, the highest yield will be obtained when

[J A using excess ethanol to dissolve the crude solid.
[J B heating the ethanol to 20 °C below its boiling temperature.
[J C slowly filtering the hot mixture to remove insoluble impurities.

[0 D crystallizing the filtrate using an ice bath.

(Total for Question 19 = 2 marks)

TOTAL FOR SECTION A =20 MARKS
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SECTION B

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

20 Benzenediazonium chloride, CsHsN;CL7, can be prepared from benzene in a series of steps.

Step 1 Step 2 Step 3
C6H6 —— CGHSNOZ E—— Compoundx —— CGHSN;CI_

(@) (i) Identify the substances that are used to convert benzene into C;H;NO, in Step 1.
(1)

g
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3

(i) Give the mechanism of the reaction taking place in Step 1, including one or
more equations for the formation of the electrophile.
(4)
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(iii) Identify compound X and state the reagents needed to prepare it in Step 2.

COMPOUNG X e
REAGENTS ..o
(iv) State the reagents and condition needed to convert compound X into

benzenediazonium chloride in Step 3.

REAGENTS .. e

CONAI IO e oo

(b) Benzenediazonium chloride is used to prepare dyes.

Write an equation for a reaction of benzenediazonium chloride with a compound
of your choice in which the product is a dye. Show the structure of the dye in
your equation.
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(c) Benzenediazonium chloride can be converted into benzoic acid, C;H;COOH, in
two steps. The first step is a substitution reaction to produce the nitrile, CsH;CN.
State the reagent needed for the second step.
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(d) An aqueous solution of benzenediazonium chloride decomposes when it

is warmed. The products of decomposition are a colourless unreactive gas,
hydrochloric acid and an aryl (aromatic) compound. A white precipitate forms
when bromine water is added to this aryl compound.

(i) Write a balanced equation showing the decomposition of an aqueous
solution of benzenediazonium chloride. State symbols are not required.
(2)

(i) Give the formula of the white precipitate.
(1)

(Total for Question 20 = 15 marks)
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21 This question is about the chemistry of chromium.

(@) The graph below shows the first and second ionization energies of the elements
scandium to manganese.

 VEVSIHLNILEMIONOD

1500 Cr Second
Mn
\Y
1300 S
Ti

_ Sc o
ionization energy
/ KJ mol™ 1100

900

700 / First
ek X * Mn
Sc 4
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R

(i) Explain why the values for the first ionization energies are very similar.
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*(ii) The electronic configuration of a chromium atom is [Ar] 3d°4s'

By considering the electronic configurations of the singly charged ions of
vanadium, chromium and manganese, suggest why the second ionization
energy of chromium is higher than the corresponding values for vanadium
and manganese.
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(b) The table below shows the formulae of ions of chromium which exist in aqueous solution.

lon Oxidation number of chromium | Colour in aqueous solution

Cr(H,0);* +2 Blue

Cr(H20)2+

CrO;~

Cr,07

o B
O
Q)
3
o
m.
&
=t
s
B
3

(i) Complete the table above by adding the missing oxidation numbers and colours.

(3)

*(ii) Explain why the Cr(H,0):" ion is coloured.
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(iii) A solution containing aqueous Cr** ions reacts with zinc in suitable conditions
to form Cr** ions and Zn** ions.

Draw a diagram of a cell that can be used to measure Eg, for the reaction.

State the conditions which are necessary.
(3)

ITHISAREA

(iv) Use your Data booklet to calculate EZ.
(2)
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-
(c) A solution containing Cr’**(aq) ions is oxidized by hydrogen peroxide in the
presence of hydroxide ions to form CrOj” ions.
The half-equation for the reduction of hydrogen peroxide is
H,0,(aq) + 2e” — 20H(aq)
(i) Write the half-equation for the oxidation of Cr’*(aq) in the presence of
hydroxide ions to form CrO; ™ ions.
(1)
(ii) Hence write the overall equation for this reaction.
(1)
(d) Write the equation for the reaction of chromate(VI) ions with hydrogen ions.
(1)
(Total for Question 21 = 20 marks)
\_
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22 This question is about some naturally occurring amino acids, which have the formula
RCH(NH,)COOH.

(@) Amino acids can exist as zwitterions. What is meant by the term zwitterion?

(b) In the amino acid serine, the formula of the R group is —CH,OH.

S The structure of serine varies with pH. Draw its structure at pH 1.0 and at pH 10.0.

(2)
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(c) Inthe amino acid alanine, the formula of the R group is —CH;. Alanine can
polymerize forming a condensation polymer. Draw a section of this polymer
showing two repeat units, displaying the link between them.
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(d) Compound A is the amino acid 2-aminoethanoic acid. It can be converted in
three steps into a cyclic compound, E, called hydantoin.

Reagent B
CH,NH, + HCl(g) CH,NH:Cl KNCO CH,NHCONH,

—_

COOH COOC,H; COOC,H;
Compound A Compound C Compound D
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(i) State a property shown by all naturally occurring amino acids except for
2-aminoethanoic acid.
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(i) Name the two types of reaction which are occurring when
2-aminoethanoic acid is converted into compound C.

(i) Suggest the identity of the other organic product, compound F, which forms
when compound D is converted into compound E.

(iv) When compound E reacts with hot dilute hydrochloric acid,
2-aminoethanoic acid is formed again, along with other products.

Suggest the type of reaction which is occurring.

(v) Suggest the identity of the two products which also form in the reaction
in (d)(iv).

(Total for Question 22 = 12 marks)
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SECTION C

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

23 This question is about complex ions.

Complex ions are ions in which a number of molecules or anions are bonded to a
central metal cation.

Some of the first research on complex ions was carried out about 100 years ago, and
demonstrated that there were two isomers with the molecular formula Co(NH,),Cls.

In aqueous solution, many transition metal ions are surrounded by six water
molecules forming ions such as [Cu(H,0)s]**. Complex ions, such as haem, are also
found in biological systems. The haem groups are large organic molecules containing
nitrogen atoms, which form complex ions with Fe*".
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The shape of a complex ion depends on the number of bonds from the ligands
to the central metal ion, and the different shapes can result in different types of
stereoisomerism.

*(a) Explain why the formation of complex ions is a characteristic of transition metals,
but Group 1 metals, such as sodium, do not show this property in general.
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(ii) The ion [Co(NH;),Cl,]" has stereoisomers. Name the type of stereoisomerism
and explain how their structures differ.

The different structures may be shown on a diagram.

(c) Write the equation for the ligand exchange reaction of [Cu(H,0)s]*" with excess
chloride ions from concentrated hydrochloric acid. State symbols are not required.

State the shape of the [Cu(H,0)s]** ion, and suggest the shape of the copper
complex ion produced.

Equation

Shape of [Cu(H,0)s*

S Yy

8
SRS
5
‘f&

Shape of complex ion produced
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(d) (i) Explain the difference between monodentate and hexadentate ligands.
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*(ii) EDTA* forms very stable complex ions. In solution, its reaction with copper ions
can be represented as shown.

[Cu(H,0)¢]* + EDTA* = [Cu(EDTA)I*” + 6H,0

Explain why the equilibrium constant for this reaction is greater than that for
the reaction of [Cu(H,0)]*" with a monodentate ligand.

VWV SIHLNIZLEMIONOd

(e) Crystals of a hydrated salt were prepared by reacting a solution containing iron(ll) ions with
a mixture of ethanedioic acid, (COOH), and potassium ethanedioate, K,(COO), or K,C,0,.

0 @)

HO o
0 0

ethanedioic acid ethanedioate ion

The resulting mixture was reacted with hydrogen peroxide, which oxidized the iron(ll) ions
and, after a suitable procedure was carried out, coloured crystals were produced.

“%?: SHH
5

%

ok

The crystals contain a complex ion and the formula of the crystals can be written
as KxFey(CZO4)z(HZO)n

0%
5
g

5
o

5
ek

The crystals were analysed.

S
g

B

(i) The percentage of water in 2.00 g of the crystals was measured by gentle
heating until the mass was constant. The final mass was 1.78g. Calculate the
percentage by mass of water in the crystals.
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(ii) The percentage by mass of ethanedioate ions in the crystals was found by
titrating an acidified solution containing 0.150 g of the crystals with a solution
of 0.0100 mol dm™> potassium manganate(VIl). The titre was 36.60cm’.

The ethanedioate ions were oxidized by the manganate(VIl) ions. The
reactions which occur are

G0, — 2C0O, + 2e
MnO; + 8H" + 5" > Mn*" + 4H,0

Use the titration results to calculate the percentage by mass of ethanedioate ions
in the crystals.

(i) To find the percentage by mass of iron in the crystals, they were first heated
with concentrated sulfuric acid to decompose the ethanedioate ions, taking
suitable safety precautions.

S
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55
55

The iron ions in solution were then reduced to iron(ll) ions

with a suitable metal and these ions were then titrated with

0.0100 mol dm™ potassium manganate(VIl) solution. The iron(ll) ions were
oxidized to iron(lll) ions in the titration.
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Why must the ethanedioate ions be decomposed before determining the
concentration of iron(ll) ions?
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(iv) The percentage by mass of iron was found to be 11.4%.

Use this value, and the percentages of water and ethanedioate ions you have

9
calculated, to deduce the percentage by mass of potassium in the crystals. O
(1) 5
=
) -
Species Percentage by mass 5
E ﬁ 3
water 2
=
) ) E
ethanedioate ions n
B
. a2
iron 11.4 >
potassium
(v) The percentage by mass shows the mass of each species in 100g.
Calculate the number of moles of each species in 100g of the crystals and
hence the ratio in moles.
(2)
Species Number of moles in 100g Mole ratio
water

ethanedioate ions

—
UL SIEKL]
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iron

e
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potassium
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(vi) Suggest a formula, including the charge, for the complex ion present in the crystals.
(1)
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(vii) Draw a diagram showing how one ethanedioate ligand is bonded to the
central metal ion.

(1)

(Total for Question 23 = 23 marks)

TOTAL FOR SECTION C =23 MARKS
TOTAL FOR PAPER =90 MARKS
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