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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.

10.0 cm® of 0.250 mol dm™ potassium hydroxide solution was placed in a conical flask
and titrated with 0.200 mol dm~? hydrochloric acid solution, using phenolphthalein as an
indicator.

(a) What colour would phenolphthalein turn at the end-point in this titration? i

{n i
A Colourless %
%

B Pink
C Yellow

O 0O 0 O

D Orange

(b) The best piece of apparatus to accurately measure out 10.0 cm® is a

[1 A pipette.
[0 B burette.
[1 C syringe.
5

D measuring cylinder.

(c) What volume of 0.200 mol dm™ hydrochloric acid solution was added by the
end-point?
(1)
A 8.00 cm’

B 10.00 cm®

C 12.50em?

N O R G [ O

D 25.00cm?

(Total for Question 1 = 3 marks)

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

e P S e s e
R P S e S O T e s s

T

S

.

R o e

I I|I|1 II|I| |I|||II\I|| IlHIIIII ||||I lIIII |III|II\



2 Which of these metal hydroxides is the most soluble in water?
[0 A Barium hydroxide
[J B Calcium hydroxide

[0 € Magnesium hydroxide

[] D Strontium hydroxide

T e o

(Total for Question 2 = 1 mark)

i

it

3 Which of these metals will give a lilac flame colour?

[l A Sodium

T
Sl

[0 B Calcium

SRR

[ C Potassium

i

[ D Magnesium

Sty

(Total for Question 3 = 1 mark)

4 Which of these is a tertiary alcohol?
[0 A 3-methylpentan-2-ol
] B Pentan-2-o0l

[] C Pentan-3-ol

[0 D 2-methylpentan-2-ol

(Total for Question 4 = 1 mark)

5 Which of these statements about fluorine is not correct?
[0 A Itisa gaseous element at room temperature and pressure.
[ B It can react with chloride ions to form chlorine.

0 C It forms salts with Group 1 metals.

[0 D Itis less electronegative than chlorine.

(Total for Question 5 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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6 What is the oxidation number of oxygen in dioxygen difluoride, O,F?

O A -l
0 B -2
O C +
0 D +2

(Total for Question 6 = 1 mark)

7 Which of these four molecules, PCl,, CO, CO, and CCl,, are polar?
1 A All four

[J B PCl and CO
[0 € COand CCl,
[1 D PCl, and CO,

(Total for Question 7 = 1 mark)

8 Which intermolecular forces exist between molecules of ethoxyethane?

IIJ H Ili H

| |
H—C—C—0—C—C—H

| |

H H H H

Instantaneous dipole — induced dipole only
Permanent dipole — permanent dipole only

Instantaneous dipole — induced dipole and hydrogen bonds

H B H H
o O = B

Instantaneous dipole — induced dipole and permanent dipole — permanent
dipole

(Total for Question 8 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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9 The following liquids all have the same number of electrons in each molecule. Which
one is likely to have the lowest boiling point?

[0 A CHCHCHCHOH

O B CH,CH,CHCHCH,
[0 C CHC(CH,)CH,
[ D CHCH(CH,)CH,CH,

(Total for Question 9 = 1 mark)

10 Which of these is likely to be the best solvent for cyclohexanol?
L A HO®0
[0 B CH,COCH,()
[0 € NaCl(ag)
J D CHCH,CH,CH,CH,CH)

(Total for Question 10 = 1 mark)

11 The ability of a liquid to flow is linked to the strength of its intermolecular forces.
Suggest which of these liquids flows the slowest when poured.

[0 A Propane-1,2,3-triol
[0 B Propane-1,2-diol
[0 C Pentane

[l D Butane

(Total for Question 11 = 1 mark)

12 What type of species forms when a bond breaks homolytically?
[0 A Nucleophile

0 B Electron %
[0 C Electrophile éf
[ D Free radical §
(Total for Question 12 = 1 mark) §
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13 In the reaction between Ag*(aq) ions and Fe**(aq) ions, what would be the effect of
increasing the concentration of Ag*(aq) ions?

Ag'(aq) + Fe*"(aq) = Fe*"(aq) + Ag(s)
A Rate of reaction increases, yield of Fe**(aq) stays the same.
B Rate of reaction increases, yield of Fe**(aq) decreases.

C Rate of reaction decreases, yield of Fe**(aq) stays the same.

0 I I I A

D Rate of reaction increases, yield of Fe**(aq) increases.

(Total for Question 13 = 1 mark)

14 Which one of these reactions is not a disproportionation reaction?
[0 A 2H,O(aq) — O((g) + 2HO(])
O B S0, (aq) + 2H"(aq) — SO,(g) + S(s) + HO(])
[0 C Clfaq)+ 2Br(aq) — 2Cl (aq) + Br,(aq)
0 D 2Cu'(aq)— Cu(s) + Cu*(aq)

(Total for Question 14 = 1 mark)

15 Molecules absorb IR radiation because
[0 A they change their polarity when they vibrate.
[0 B they change their velocity when they vibrate.
[J C they change their magnetic field when they vibrate.
[J D they change their direction of rotation when they vibrate.

(Total for Question 15 = 1 mark)

16 How many of the following molecules will absorb IR radiation?

HO N CH O CcO

2 2 4 2 2

A Two
B Three

C Four

B B B |

D Five

(Total for Question 16 = 1 mark)
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17 Infrared (IR) spectra can be used to follow the progress of reactions nvolving
propan-1-ol and propan-2-ol. Some absorption ranges by chemical bonds in the IR
spectrum are given below.

1 O—H stretching in alcohols at 3750 — 3200 cm-!

2 (=0 stretching in aldehydes at 1740 — 1720 ¢cm™!

3 (=0 stretching in ketones at 1700 — 1680 cm™

4 (C==0 stretching in carboxylic acids at 1725 — 1700 cm’

(a) To identify the formation of the product when propan-1-ol has been partially
oxidized, you can look for absorptions in the IR spectrum at absorption range
O A1
[J B 2
1 C 3
[0 D4

(b) To monitor whether all of the sample of propan-2-ol has been oxidized, you can
look for

(1)
[0 A alack of absorptions in the IR spectrum at 1.
B alack of absorptions in the IR spectrum at 2.

C absorptions in the IR spectrum at 3.

D absorptions in the IR spectrum at 4.

(Total for Question 17 = 2 marks)

TOTAL FOR SECTION A = 20 MARKS
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Use this space for any rough working. Anything you write in this space will gain no credit.
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SECTION B

Answer ALL the questions. Write your answers in the spaces provided.
18 This question is about the reactions and properties of some halogenoalkanes.

(a) State the reagents and conditions needed to convert the following halogenoalkanes
ito the named product.

(1) 1-bromobutane into butan-1-o0l

(1) 1-iodobutane into butylamine

{2y
(111) 2-chloropropane into propene

(2)

(b) Chloroethane can be prepared by reacting ethanol with potassium chloride in the
presence of concentrated sulfuric acid.

Explain why a similar reaction using potassium iodide and concentrated sulfuric acid
should not be used to prepare iodoethane.

(2)

e
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(c) Two gaseous halogenoalkanes that could be used as fire retardants have the structural
formulae CECIBr and CF,CHE,.

(1) Give the systematic name of CECIBr.

(i)
(i1) Draw the skeletal formula of CECHE,.

{1y
(iii) Suggest TWO reasons to explain how these compounds can help put out fires.

(2)

*(iv) Explain why fire retardants containing some halogenoalkanes, such as CECIBr,
are being phased out.

Suggest a reason why the scientific community still supports the use of fire
retardants containing CF,CHE,.

Jue Turn over
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19 10.0 cn?® of a solution containing Cu®**(aq) ions was added to excess potassium iodide
solution and the following reaction occurred.

2Cu*(aq) + 41 (aq) — 2Cul(s) + I (aq)

(a) What happens to the Cu**(aq) during this reaction? Justify your answer.
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(b) All of the mixture containing iodine was titrated using sodium thiosulfate solution of
concentration 0.200 mol dm™. The volume of sodium thiosulfate solution added at
the end-point was 12.75 cm?.

S

The equation for the reaction is

L(aq) + 2Na,§5,0,(aq) — Na S

27476

0 (aq) + 2Nal(aq)

i
|
f

(i) The end-point is shown most effectively using an indicator. State a suitable
indicator and the colour change you would expect to see at the end-point.

Indicator

(i) Calculate the number of moles of iodine in the solution.
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*(i11) Use your answer from (ii), and the equation for the reaction between Cu’*(aq)

and I"(aq), to calculate the concentration of the Cu®*(aq) in the original sample
of solution.

Give your answer to three significant figures and justify why this is an
appropriate level of accuracy.

{3)
(iv) The whole of the solution containing iodine was used in one titration. Explain
how this affects the reliability of your answer to (iii).
(1}

(Total for Question 19 = 10 marks)
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20 This question is about boron and nitrogen compounds.

(a) Draw and name the shape of a boron trifluoride, BE,, molecule. Suggest the FBF
bond angle.

Name of shape

(b) Ammonia has the formula NH,. Its HNH bond angle is less than the FBF bond angle
in boron trifluoride.

(i) Estimate the HNH bond angle in NH,.

HIIiIIII III IIIII I|||| II|I||I||| |I|I|
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(c) Ammonia will react with oxygen in the presence of a platinum catalyst at 750°C
forming water and nitrogen(Il) oxide, NO.

(1) What is the oxidation number of nitrogen in ammonia, NH,?

£ -
(1) [
|

4

(1) The diagram below shows the distribution of molecular energies in the reaction
at 750°C. On the same diagram, draw a curve to show the distribution at 500°C
and explain what effect this change in temperature would have on the rate of the
reaction.

e

o o oA R o A B AT

(3)

Number of
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energy, E
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*(d) Explain how a catalyst speeds up the rate of a reaction.

(Total for Question 20 = 14 marks)

TOTAL FOR SECTION B = 40 MARKS
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SECTION C

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

21 Ethanoic acid is used industrially in the manufacture of polymers and glues and also in
the food industry as an acidity regulator.

It can be synthesized in the laboratory by the reaction of ethanol with excess sodium
dichromate(VI) solution, acidified with concentrated sulfuric acid. Ethanol is placed
in a suitable flask along with some anti-bumping beads. The concentrated sulfuric
acid is then added a drop at a time. The sodium dichromate(VI) solution is then added
a drop at a time causing the mixture to boil spontaneously. When the addition of the
sodium dichromate(VI) solution is complete, the mixture is heated under reflux for
approximately 15 minutes. The ethanoic acid formed can then be separated from the
reaction mixture.
NapCrhO4
H»804
heat, 1 atm

CH,CH,OH CH,COOH

Ethanoic acid can be produced industrially by the Cativa™ process. Methanol, which
can be obtained from wood, is reacted with carbon monoxide in the presence of an

iridium catalyst.
Iridium catalyst

20-30 atm
190°C
CH,OH(g) + CO(g) CH,COOH(g)
(a) () Balance the half-equation for the reduction of dichromate(VI) ions.
(i)
31516 1 g AR H* + R Crit b HO

(ii) The half-equation for the oxidation of ethanol is
CH,CH,0H + H,0 — CHCOOH + 4H* + de-

Use this and your answer to (a)(i) to write a full equation for the overall reaction
between acidified dichromate(VI) ions and ethanol. State symbols are not
required.
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(b) (i) Why are the concentrated sulfuric acid and sodium dichromate(VI) added a drop
at a time in the laboratory process?

i1
(1) Draw a labelled diagram of the apparatus that could be used to heat the mixture
under reflux.
(3)

(ii1) What colour would the mixture be after it was heated under reflux?

N




(¢) A solution containing both water and ethanoic acid is produced by distillation of the
final reaction mixture,

(1) Explain why the other products and any excess reactants are left behind in the
distillation flask.

B —

(i) Suggest a method to separate pure ethanoic acid, boiling temperature 118°C,
from the water.

I

S i i T

(d) (1) In the Cativa™ process what effect, if any, would increasing the pressure have
on the yield of ethanoic acid? Justify your answer.

e

R

e

(1) Suggest TWO reasons why it might be difficult, or undesirable, to produce
ethanoic acid in industry by scaling up the laboratory process.

E——— e reE e T T
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*(e) An alternative industrial process for the production of ethanoic acid is the oxidation
of butane using a transition metal catalyst at 150°C and 55-60 atm.

2GH (1) + 50,(8) — 4CH,COOH(aq) + 2H,0(1) .

Evaluate the ‘greenness’ and sustainability of the two industrial processes.

Suggest TWO additional pieces of information that would help you make a more
informed decision.
(6

(Total for Question 21 = 20 marks)

TOTAL FOR SECTION C =20 MARKS
TOTAL FOR PAPER = 80 MARKS
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