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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 cross X.

1 What are the oxidation states of chromium in the ions shown?

[Cr(OH)sl* [Cr(H,0)s*" Cr,05
L] A -3 +2 -2
B -3 +6 +2
] cC +3 +6 +6
D +3 +2 +6

(Total for Question 1 = 1 mark)

In which of these compounds does iron have its highest oxidation number?

L] A KjFeO,

[1 B (NH,),Fe(SO,),.6H,0

] € KsFe(CN)s
[1 D K,Fe(CN),

(Total for Question 2 = 1 mark)

A transition metal M forms an octahedral complex in which 3 mol of a ligand L

combine with 1 mol of M.
L is most likely to be

[J] A ammonia.

[J] B 1,2-diaminoethane.

[] € EDTA.

[ D water.

(Total for Question 3 = 1 mark)
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4 What are the shapes of the complexes shown?

[CrCLI [Pt(NH,),Cl,]
LJA tetrahedral tetrahedral
]B square planar tetrahedral
[]cC tetrahedral square planar
L] D square planar square planar

(Total for Question 4 = 1 mark)

5 One mole of sulfur dioxide reacts exactly with two moles of ions of a metal Q.
The oxidation number of Q in the ions is +4.
The sulfur dioxide is converted to sulfate(VI) ions.
What is the final oxidation number of Q?
COA +6
OB +3
Oc +2
LID 0

(Total for Question 5 = 1 mark)

6 The reaction
[Fe(H,0)¢**(aq) + 30H (agq) — [Fe(H,0);(OH);](s) + 3H,0(l)

is an example of

[J A oxidation.

] B reduction.

[J € condensation.

[J D ionic precipitation.

(Total for Question 6 = 1 mark)

3
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10

Lithium tetrahydridoaluminate(lll), LiAlH,, can be used to convert
[J A CH,CHO to CH,CH,OH

[J B CHs;COOH to CH;COCH;

[J € GCH,to CHq

[J D GCgHsto CHy,

(Total for Question 7 = 1 mark)

The electrophile in the preparation of benzenesulfonic acid, CsH;SO;H, from benzene is
L1 A SO,
1 B SO,
] € SO
L1 D HSO;
(Total for Question 8 = 1 mark)
Benzenediazonium salts are made by reacting phenylamine with nitrous acid at a

temperature of 0-10°C.

This temperature range must be used because the

[J A benzenering is nitrated at higher temperatures.
[J B reaction is highly exothermic.

[J € activation energy of the reaction is low.

[ D diazonium ion decomposes above 10°C.

(Total for Question 9 = 1 mark)

The solution formed when ethylamine is dissolved in water
[ A contains zwitterions.

[0 B isneutral.

[0 € isacidic.

[0 D isalkaline.

(Total for Question 10 = 1 mark)
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11 The compound formed when ethanoyl chloride reacts with phenylamine is
[J A CH;CONHC¢H;
[J B C,HsCONHCGH;
[J € C¢HsCONHCH;
[J D CeHsCONHC,H;

(Total for Question 11 = 1 mark)

12 A white smoke forms when methylamine and hydrogen chloride mix. The formula of
the white smoke is

1A NHCI

[0 B CH;NH,CI
[J € CH;NHCI
[0 D CH;CONHCI

(Total for Question 12 = 1 mark)

13 The low resolution proton nmr spectrum of a compound contains only three peaks.
Which of the following compounds could give this spectrum?
[] A but-1-ene
[] B butanal
[] € butanone
[] D butanoic acid
(Total for Question 13 = 1 mark)

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

5
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14 Thymine is a naturally occurring compound with the structure shown.

Cr

Which of the groups listed is not present in its structure?
L] A Alkyl

[J B Alkene

] € Amide

[ D Ketone

(Total for Question 14 = 1 mark)

15 E, for a chemical reaction is proportional to both
L] A ASygemand K
[J B ASga andK
L] € ASysemandInK
[0 D AS.. andInK

(Total for Question 15 = 1 mark)

16 Which are correct for a standard hydrogen electrode?

Temperature / K Solution
O A 273 [H*(ag)] = 1.00moldm™
0B 273 [OH (ag)] = 1.00moldm™
O c 298 [H*(ag)] = 1.00moldm™
0D 298 [OH (ag)] = 1.00moldm™
(Total for Question 16 = 1 mark)
6
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17 The redox reaction between aqueous iodide ions and aqueous peroxodisulfate ions is slow.
2I°(aq) + S,0: (aq) — L(aq) +2S0; (aq)
Which of these ions catalyses this reaction?
[0A H(aq)
[0 B Mg*(aq)
[0 C Fe*(aq)
[0 D OH(aq)

(Total for Question 17 = 1 mark)

18 The repeat units of four polymers are shown

Polymer Repeat unit
w —CH,CH(CONH,)—
X —HNCH,CO—
Y —CH(CH;)CHCN—
z —HNCH,CH,NHOCCH,CO—

(@) Which polymer could be formed from a naturally occurring amino acid?

LJA W
[IB X
jcy
[LID Z

(b) Which formula shows the repeat unit of poly(propenamide)?

OA W
0B X
ocy
0D Zz

(Total for Question 18 = 2 marks)

7
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19 In a laboratory preparation, benzoic acid was produced from benzene in two steps.

Step 1 Step 2
Yield 75% Yield 80%
C6H6 > C6H5CH3 > C6H5COOH
M,=78 122
The mass of benzoic acid, in grams, obtained from 3.90 g benzene was
] A 150
] B 3.66
[ € 6.10
[0 D 10.17
(Total for Question 19 = 1 mark)
TOTAL FOR SECTION A =20 MARKS
L

8
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SECTION B

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

20 This question is about the different oxidation states of manganese.

Standard reduction potentials of some electrode reactions involving different

oxidation states of manganese are shown.

Electrode reaction
Mn*(aq) + 2" = Mn(s)
MnO;(aq) + e = MnO;(aq)
MnO; (ag) + 2H,0(l) + 2e” = MnO,(s) + 40H(aq)

MnO;(aq) + 8H'(ag) + 5 = Mn*"(aq) + 4H,0(l)

EC/V
-1.19
+0.56
+0.59

+1.51

(@) Use your Data Booklet to select a metal commonly found in the laboratory which would

reduce Mn**(aq) to Mn, but which does not react with water at room temperature.

Write an ionic equation for this reaction of Mn**(aq) with the metal you have selected.

State symbols are not required.

P 5 8 3 0 0 A0 9 2 8
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(b) A cell can be used to measure the standard cell potential, ES;, for the reaction of
manganate(VIl) ions with manganese in acid conditions.

2MnO;(aq) + 5Mn(s) +16H"(aq) = 7Mn**(aq) + 8H,0(I)

(V)
manganese o/
electrode
electrode A
salt bridge B
3\ ‘ \ (
solution of L ) L )
manganese(ll)
sulfate ~__ solution containing
~— _—1 sulfuric acid and
compounds Cand D
- / - /

(i) ldentify, by name or formula, the substances needed to measure the standard
cell potential, ES).

Electrode A S MA@ OF oo
Salt bridge B cONtains @ SOIUTION OF ...
(@] Y00 TU T o X

@00 0] oo 18 s T N 0

(ii) Calculate the value of the standard cell potential, ES.
Use the data in the table at the start of the question on page 9.

10
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(c) Potassium manganate(VI), K;MnO,, can be prepared by heating a mixture of
potassium manganate(VIl), KMnO,, and concentrated potassium hydroxide
solution. On cooling, green crystals form.

4KMnO, + 4KOH — 4K,MnO, + O, + 2H,0

Write the half-equation that shows hydroxide ions acting as a reducing agent in
this reaction.
State symbols are not required.

(d) Manganate(VI) ions, MnO;", disproportionate into MnO, and MnQ; in alkaline
conditions.

(i) Write the equation for this reaction using appropriate half-equations from
the table at the start of the question on page 9.
State symbols are not required.

(i) Calculate the ES, for this reaction and state whether or not this
disproportionation is thermodynamically feasible.

(Total for Question 20 = 11 marks)

11
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21 This question is about copper and zinc.

(a) Complete the electronic configurations for copper and zinc atoms.

(1)
3d 4s
Copper (Ar) T
Zinc (Ar) T
(b) The first and second ionisation energies of copper and zinc are shown.
Copper Zinc
Tst ionisation energy / kJmol™ 746 906
2nd ionisation energy / k mol™ 1958 1733
*(i) Suggest why the first ionisation energy of copper is less than the
first ionisation energy of zinc.
(2)
*(ii) Suggest why the second ionisation of copper is greater than the
second ionisation energy of zinc.
(2)

P 5 8 3 0 0 A 0O 1 2 2 8
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*(iii) Zinc compounds are usually white, whereas many copper compounds are coloured.

Explain fully why hexaaquazinc ions, [Zn(H,0)s]*", are colourless in solution.

(c) When a few drops of aqueous ammonia are added to a solution of copper(ll) sulfate,
a precipitate forms. If excess ammonia is then added, the precipitate dissolves.

(i) State the colour of the precipitate and the colour of the solution after the
addition of excess ammonia.
PEECIPDITATE. ...
SONUTTON e ee ettt et et e e et ettt e et
(i) Complete the equation for the reaction of the precipitate with excess ammonia.

State symbols are not required.

[Cu(H,0)4(0OH),] + NH; —

13
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(d) When aqueous sodium hydroxide is added to a solution of zinc sulfate,
a white precipitate forms which is soluble in both excess sodium hydroxide and in
dilute sulfuric acid.

(i) State the term used to describe a compound that forms a salt with both
sodium hydroxide and sulfuric acid.

(i) Write an equation for the reaction of the white precipitate with excess
sodium hydroxide.
State symbols are not required.

14
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(e) Brass is an alloy of copper and zinc.

3.50g of a sample of brass was reacted with concentrated nitric acid. The resulting
solution of copper(ll) nitrate and zinc nitrate was neutralised and made up to a
volume of 250.0cm?’,

Excess potassium iodide was reacted with 25.0cm® portions of this solution.
Zinc ions do not react with potassium iodide, but copper(ll) ions do.

2Cu*(aq) + 4I(aq) — 2Cul(s) + I,(aq)

The iodine formed was titrated with sodium thiosulfate solution of concentration
0.150moldm™. The mean titre was 24.50 cm”.

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

L+ 25,05 = e e

*(ii) Calculate the percentage by mass of copper in the sample of brass.
Give your answer to three significant figures.

(Total for Question 21 = 17 marks)

P 5 8 3 0 0 A0 1 5 2 8
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22 This question is about some ions and molecules that have delocalised electrons.

(@) Give the meaning of the term delocalised, when referring to electrons.

(b) The carboxylate ion (—COO™) has delocalised electrons.

(i) Draw the displayed formula of a carboxylate ion, indicating the delocalised
electrons.

(i) Suggest the OCO bond angle.

(c) Benzene molecules also contain delocalised electrons.

(i) State the number of delocalised electrons in each benzene molecule, and
identify the type of orbital from which they originate.

16
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4 )
(ii) Name the physical method which gives evidence for delocalisation in
benzene. State how the result indicates that there is delocalisation.
(2)
*(d) The C—O bond in phenol is shorter than the C—O bond in methanol.
Describe how the delocalisation of electrons can be used to explain this.
(2)
\_ J

17

MR A0 O O Turn over
P 5 8 3 0 0 A 01 7 2 8

>



(e) Phenol can be nitrated more easily than benzene.

() Name the reagent which should be used for the nitration of phenol.
Indicate the concentration needed.

(ii) Give the structure of two possible isomeric products of this nitration.

VIUY SIHL NI ILIIM 1ON O

=]

m
(i) State the reagents and conditions needed for the formation of nitrobenzene ﬁ _
from benzene. i

3

o)

% 5 §

G

(Total for Question 22 = 12 marks) o

18
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23 This question is about amino acids.

(@) Explain why amino acids are very soluble in water.

(c) Adipeptide X has the molecular formula C;H;;N,O,.

X was hydrolysed by heating under reflux with hydrochloric acid.
Two naturally occurring amino acids, Y and Z, were formed.
Only Z was optically active.

(i) Deduce the structure of Y, which is not optically active.

20
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(ii) The amino acid Z has molecular formula C;H;NO;.
One mole of Z reacts with two moles of phosphorus(V) chloride, PCls.

State what can be deduced from this reaction about the structure of Z.
Draw the displayed formula of Z and circle the chiral centre.

(i) Y and Z were formed by hydrolysis of the compound X.

Draw a possible structure of X.
(2)

(Total for Question 23 = 9 marks)

TOTAL FOR SECTION B = 49 MARKS

21
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SECTION C
Answer ALL the questions. Write your answers in the spaces provided.

24
The Importance of Ketones in Organic Synthesis

Naturally occurring ketones are often found in foods. Butane-2,3-dione gives a buttery flavour,
and heptan-2-one is found in some blue cheeses. The molecules giving flavour may contain other
groups as well as the carbonyl group. Spearmint oil contains C=C bonds and “raspberry ketone”
contains a phenolic group.

Campbhor is a naturally occurring ketone which reduces itching and is a moth repellent.

Ketones are important in chemical synthesis because they undergo nucleophilic addition reactions.

Ketones also react with other carbonyl compounds in condensation reactions. They are used
in synthesis to extend the carbon chain in a molecule, for example by reacting with
hydrogen cyanide.

“Aldol condensations” are reactions between two carbonyl compounds, such as two ketone
molecules, or an aldehyde and a ketone.
One example is the reaction of propanone with ethanal.

0] 0] o) OH O
‘ OH" H*
+ _— _ + H,0
/\
propanone ethanal

Aromatic ketones can be made by reacting benzene with acyl chlorides in the Friedel-Crafts
reaction. This produces ketones such as ethyl phenyl ketone which contain the C;H;CO group.

2-hydroxycarboxylic acids can be prepared from ketones, and these compounds are intermediates
from which many other products can be made.

22
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(@) Camphor is a strong smelling ketone extracted from camphor trees.

H;C CH;

Deduce its molecular formula.

(b) Benzene reacts with propanoyl chloride in the presence of a catalyst of
aluminium chloride to form ethyl phenyl ketone, C;H;COCH,CHs.

Give the mechanism for this reaction, including an equation for the formation of
the electrophile.

(4)

J
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(c) Suggest the structure of the final product of the aldol condensation reaction
between phenylethanone and benzaldehyde.

@) )

Phenylethanone Benzaldehyde

(d) 2-hydroxycarboxylic acids are used as anti-wrinkle products in the cosmetics industry.

2-hydroxy-2-methylpentanoic acid can be made from pentan-2-one in two steps.
Draw the intermediate compound and give the reagent(s) needed in each step.
Reaction conditions are not required.

\/\’/ Step 1 Step 2 Q

0 OH

OH
pentan-2-one intermediate 2-hydroxy-2-methylpentanoic acid

REAGENTS TOF STEP T .o

REAGENTS FOI STEP 2 .o
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(e) The empirical formula of organic compounds can be found by complete combustion
of a known mass of the compound. The mass of each product is then determined.

(i) Water and carbon dioxide are always formed on complete combustion of
organic compounds.

Identify the substances that can be used to absorb each of these products so
their mass can be measured.

(i) Give a reason why the percentage of oxygen in the compound cannot be
found directly from the mass of the combustion products.

25
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(f) The compound known as raspberry ketone was analysed by combustion and the
results are shown.

Element % by mass

C 73.17

H 7.32

) 19.51

(i) Calculate the empirical formula of raspberry ketone.

(ii) The relative molecular mass of raspberry ketone is 164.

Deduce its molecular formula.

(iii) Describe how the relative molecular mass of a compound can be found from
its mass spectrum.

(2)

(1)

26
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(iv) Raspberry ketone is a substituted phenol.

Give a chemical test which distinguishes phenol from benzene and describe
the positive result.

(v) Raspberry ketone reacts with a solution of iodine in sodium hydroxide to give
a pale yellow precipitate.

The high resolution proton nmr spectrum of raspberry ketone shows peaks
due to the phenol group. Outside this region, there are two triplets and a
singlet in the spectrum.

Use this information to deduce a structure for raspberry ketone.

Label the atoms which produce the singlet and the atoms which produce the
two triplets in the nmr spectrum.

(Total for Question 24 = 21 marks)

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