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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

1

across X.

Which is a polar molecule?
] A Bedl,
1 B BCl,
] ¢ ca,
[J D NdCl,

(Total for Question 1 = 1 mark)

Which bond angles are present in a molecule of methanol?
L] A 90°and 104.5°

] B 104.5° and 109.5°

[J € 109.5°and 180°

] D 90°and 180°

(Total for Question 2 = 1 mark)

This question is about the hydrides of carbon, nitrogen, oxygen and fluorine.
(@) The hydride with the highest boiling temperature is

LJ A CH,

[0 B NH,

] € HO

L] D HF

(b) The hydride which has the strongest hydrogen bond in the pure liquid is

0 A CH,
[0 B NH,
0 C HO
0 D HF

(Total for Question 3 = 2 marks)
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4 On descending Group 2, from magnesium to barium, what are the trends in the
first ionisation energy of the elements, and in the solubility of the sulfates?

(.
s
oc
LJD

First ionisation energy

increases
increases
decreases

decreases

increases
decreases
increases

decreases

Solubility of sulfate

(Total for Question 4 = 1 mark)

5 Flame tests are carried out on the chlorides of four Group 2 metals.

Select the metal chlorides that give these flame colours.

LJA
LB
c
1D

Flame colour

Colourless Crimson
magnesium calcium
barium calcium
barium strontium
magnesium | strontium

Pale green
strontium
magnesium
magnesium

barium

Yellow-red
barium
strontium
calcium

calcium

(Total for Question 5 = 1 mark)

6 The s-block metal nitrate that decomposes on heating to form a nitrite is

LA
B
bc
LD

lithium nitrate.
sodium nitrate.
magnesium nitrate.

calcium nitrate.

(Total for Question 6 = 1 mark)

Use this space for any rough working. Anything you write in this space will gain no credit.
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7 Which statement is correct?

LA
JB
¢
L0 D

Chlorine is a pale green gas that dissolves in hexane to form a brown solution.
Chlorine is a pale green gas that dissolves in hexane to form a pale green solution.
lodine is a brown liquid that dissolves in hexane to form a pink solution.

lodine is a grey solid that dissolves in hexane to form a brown solution.

(Total for Question 7 = 1 mark)

8 The best way to prepare hydrogen iodide from potassium iodide is to add concentrated

LA
(A -
¢
J D

hydrochloric acid.
nitric acid.
phosphoric(V) acid.
sulfuric acid.

(Total for Question 8 = 1 mark)

9 When concentrated sulfuric acid reacts with solid potassium bromide, sulfuric acid is
reduced to

LA
LB
0 c
J D

hydrogen sulfide.
sulfur.
sulfur dioxide.

sulfur trioxide.

(Total for Question 9 = 1 mark)

10 The greenhouse gas with the highest mean concentration in the atmosphere is

A
LB
¢
J D

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

co
co,
NO,
H,0

(Total for Question 10 = 1 mark)
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11 When potassium chloride dissolves in water, the main interaction between the ions
and water molecules is

LA
B
bc
LD

ion-dipole.

ion-ion.
dipole-dipole.
hydrogen bonding.

(Total for Question 11 = 1 mark)

12 What are the properties of the liquid 2-chlorobutane?

LA
B
bc
LD

Effect of a charged rod on a

S stream of the liquid

insoluble stream diverted

insoluble stream unaffected
soluble stream diverted
soluble stream unaffected

(Total for Question 12 = 1 mark)

13 How many organic elimination products form when 2-bromobutane is heated with a
concentrated solution of potassium hydroxide in ethanol?

LA
B
0c
oD

1
2

(Total for Question 13 = 1 mark)

14 Which two isomeric alcohols, with the formula C,H,OH, would you expect to give a
peak due to CH,OH" in their mass spectra?

LJA
LB
0c
)

butan-1-ol and 2-methylpropan-1-ol.
butan-1-ol and 2-methylpropan-2-ol.
2-methylpropan-1-ol and 2-methylpropan-2-ol.
butan-1-ol and butan-2-ol.

(Total for Question 14 = 1 mark)

5
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15 Part of the infrared (IR) spectrum of a compound is shown.

B

Y
§ 0.6—_
= ]
(%]
§ 0.4
& 1
0.2 -
"""" ||J|
3000 2000 1000
Wavenumber / cm™
Bond Wavenumber range/cm'1
O—H (alcohol) 3750-3200
O—H (carboxylic acid) 3300-2500
C—H (alkane) 2962-2853

C—H (aldehyde)

2900-2820 and 2775- 2700

C=0 (aldehyde or ketone)

1740-1680

The compound could be
A
LB
¢
J D

propan-1-ol.
propanoic acid.
propanal.

propanone.

(Total for Question 15 = 1 mark)

onoa

NN
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16 Two alcohols are oxidised under mild conditions.

These alcohols each form a compound that gives a red precipitate on heating with
either Benedict’s solution or Fehling’s solution.

These alcohols could be

[l A propan-1-ol and propan-2-ol.
[J B propan-1-ol and butan-1-ol.
[J € propan-2-ol and butan-2-ol.

[J D butan-1-ol and butan-2-ol.

(Total for Question 16 = 1 mark)
17 Organic compounds which react with sodium but are not oxidised by
acidified potassium dichromate(VI) are
[ A primary alcohols.
[J B secondary alcohols.
[] € tertiary alcohols.

[1 D ketones.

(Total for Question 17 = 1 mark)

18 Which statement about the carbon footprint of fuels is true?
[J A Hydrogen has a zero carbon footprint as it does not produce carbon dioxide.
[] B Methane has a zero carbon footprint as it occurs naturally.

[] € Biodiesel has a zero carbon footprint as it absorbs as much carbon dioxide in
production as it produces in combustion.

[J D No fuel has been discovered with a zero carbon footprint.

(Total for Question 18 = 1 mark)

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

7
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19 Dinitrogen tetroxide and nitrogen dioxide form an equilibrium mixture in a gas syringe.

Pale brown Dark brown

The pressure is rapidly doubled and then the mixture allowed to stand.

The colour would

[J A godarker then go paler.
[J B go darker and remain darker.
[J € go paler and remain paler.
] D go paler then go darker.
(Total for Question 19 = 1 mark)
TOTAL FOR SECTION A =20 MARKS
4
8
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SECTION B
Answer ALL the questions. Write your answers in the spaces provided.

20 This question is about the preparation and properties of 1-iodobutane.

(a) 1-iodobutane is prepared by warming a mixture of damp red phosphorus with
iodine to produce phosphorus(lll) iodide, PL,. This reacts with butan-1-ol to form
1-iodobutane, C,H,l.

*(i) Draw a diagram to show the shape of phosphorus(lll) iodide.
Predict the [-P—I bond angle.

Explain why the molecule has this shape and bond angle.

(4)
Diagram
Bond angle ...
EXPIANATION ..ottt
(i) Complete the balanced equation for the formation of 1-iodobutane.
State symbols are not required.
(1)

AAAAAAAAAAA C,H,OH + PL, —

S G

VAl siHENIaLEm NG

P516 01AO0 10 2 4
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e A
(iii) Draw skeletal formulae of the four structural isomers of C,H,I.
(2)
g 5
z
o 0
= -
= o
=
= -
_l —
i
- c
3 =
=
w B
; Z
m ()
> (=)
% (b) 1-iodobutane, dissolved in ethanol, reacts with hot aqueous silver nitrate to form
W a yellow precipitate. The reaction involves two steps.
=L
8o (i) Inthe first step, 1-iodobutane forms butan-1-ol.
= Identify the attacking reagent, and state the type and mechanism of this reaction.
= (2)
ALK
o .
8 | ATEACKING FEAGENT ...
=
g Type and mechanism of this reaCtioN ...
ol
a (i) Write the ionic equation for the formation of the yellow precipitate.
Include state symbols.
(1)
Al
,g.
o (c) ldentify, by name or formula, both products of the reaction between
= 1-iodobutane and excess ammonia.
= (2)
L
S | oo
=
of 2%
el s
=
8- (Total for Question 20 = 12 marks)
e
803535 g J

11
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21 This question is about nitrogen monoxide, NO.
(@) Nitrogen monoxide is formed in internal combustion engines.
N,(g) + O,(g) = 2NO(g) AHZ, = +180 k) mol™

Explain how, if at all, an increase in temperature and an increase in pressure affect
this equilibrium. Justify your answers.
(3)

(b) In industry, nitrogen monoxide is produced by the oxidation of ammonia at
high temperature, with a platinum catalyst.

4NH,(g) + 50,(g) — 4NO(g) + 6H,0(q)

(i) ldentify the two elements which change their oxidation number in this
reaction. State the relevant oxidation numbers.
(2)

First element . from to

Second element ... from to

(i) Use the Maxwell-Boltzmann distribution to explain why increasing the
temperature will result in a higher rate for this reaction.
A diagram is not required.
(1

ionod

N/M&/\ B2

- VUV SIHLNI LY

Vauy SIHLNIILEMIONOG - o
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e A
(iii) Use the Maxwell-Boltzmann distribution to explain why the platinum catalyst
produces a higher rate for this reaction.
(o) < A diagram is not required.
o = (1)
2 <
o 0
= -
= EE0%% | evvveveeeesssssesssssss s8R
=
= Z
=] =
m Lll_.l --------------------
- &
3 =
E ................
w5
,’; = (c) Nitrogen monoxide is a major pollutant. High in the atmosphere, itis a
T 8 greenhouse gas and it depletes the ozone layer.
(i) Explain why nitrogen monoxide is a greenhouse gas and how the presence of
nitrogen monoxide in the atmosphere leads to global warming.
(3)
/ """""""""
y «
L O OO
e £
s SEE
e
SR =
e [
S (1%
ST BB | oottt
e
L e
Soies SOOI | oot 85555555558 R85
S sts =
T o
e (ii) Write two equations to show how the free radical, nitrogen monoxide,
B8 depletes the ozone layer. Indicate free radicals in the usual way.
S Hence write the equation which shows the overall change taking place.
$35535 State symbols are not required.
SR8 (3)
s e
. . |50
Sy v°<=
9! w
= o
ST =2
e o R
m
cZ @
S SR
A =
s o
; g
ST o
oy o
(Total for Question 21 = 13 marks)
4 y,
13
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22 Potassium iodate(V), KIO;, is made by adding iodine to boiling concentrated
potassium hydroxide solution.

(@) (i) Balance the equation for the reaction.
(2)

(i) State the type of redox reaction between iodine and concentrated

potassium hydroxide.
(1)

g o
z =
o wn
= -
T
= -
= 2
_l —
2
Z =
= =
T
% B
g; 2
m (o)
> a

(1)

(c) Potassium iodate(V) crystallises as the solution cools.

Suggest why potassium iodate(V), rather than potassium iodide, crystallises out.
(1)

oS

88

-2
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(d) The purity of the potassium iodate(V) formed is determined using the method
outlined below.

0.1009 of the potassium iodate(V) sample is dissolved in distilled water and the
volume made up to 100cm’.

A 10.0cm’ portion is taken and added to an excess of a mixture of
potassium iodide in dilute sulfuric acid.

The iodine formed is titrated with 0.0100 moldm™ sodium thiosulfate solution.

The titration is repeated and the mean titre is 27.45cm’.

(i) Name the indicator that should be used for the titration and state when it
should be added to the reaction mixture.

(ii) Give the colour change for the indicator at the end-point.

FrOM oo L (0 J

(iii) Calculate the number of moles of thiosulfate ions used in the titration.

(iv) Calculate the number of moles of potassium iodate(V) in the 10.0cm’ portion,
given that 6 mol of thiosulfate ions is equivalent to 1 mol of iodate(V) ions.

15
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(v) Calculate the mass of potassium iodate(V) in the original sample.

(3)
(vi) Calculate the percentage purity by mass of potassium iodate(V) in the original
sample. Give your answer to two significant figures.
(2)
(vii) Suggest why the potassium iodate(V) obtained is not 100% pure.
(1)

Noa

g
=
=
e |
M
-t
=
=
Bl
FTY
>

(Total for Question 22 = 16 marks)

TOTAL FOR SECTION B =41 MARKS
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SECTION C

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

23 Glucose occurs naturally in many fruits. It is a white powder at room temperature and

is extremely soluble in water. Glucose may be represented by the structure below.

CH,OH
0
OH
OH OH
OH

Glucose

The fermentation of glucose is fundamental to brewing and baking. Glucose breaks
down to form carbon dioxide and ethanol.

Drinks with a high alcohol content are obtained by distillation from a fermentation mixture.

For many years, the alcohol content of such drinks was measured as degrees proof. Originally
this was defined by the gunpowder test. A pellet of gunpowder was soaked in the drink.

If the gunpowder would still ignite, the alcohol drink was at least 100° proof.

The reason for introducing this measure was that, from the sixteenth century, the tax on
alcoholic drinks was related to their alcohol content.

Nowadays, most countries have adopted alcohol percentage by volume (ABV), which
is the volume of ethanol, in cm?, present in 100 cm® of the drink.

Today, most ethanol for chemical use is produced by an addition reaction of ethene.

R AT I A0 Turn over
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*@) (i) Name all the intermolecular forces between glucose molecules. For each type
of force, indicate the atoms in the molecule involved.

A detailed explanation of how these forces arise is not required.
(6)

(i) Explain why glucose is very soluble in water.
(2)

(b) Complete the equation for the fermentation of glucose. State symbols are not required.

(1)

CH,,0, —

P516 01AO 01 8 2 4

O
(©)
g
—
=
=
=4
T
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e
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: (c) Suggest two advantages for the taxation of alcoholic drinks.
s (2)

(d) The ABV in a 100° proof drink is found to be 57.15%.

o
-t
<E
=
=1
2
=<
L
w
B
E

DO NOT WRITE IN THIS AREA

(i) Calculate the degrees proof of pure ethanol.
(1)

(i) Calculate the concentration of ethanol, in moldm™, in a solution when the
ABV is 57.15%.
[Density of ethanol = 0.789gcm™]
(3)

DO NOTWRITE INTHISARER

 DONOTWRITEINTHISAREA
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(e) Potassium nitrate is the main ingredient of gunpowder. Suggest how the
gunpowder test for measuring the degrees proof of alcohol drinks works.

(m Qo <
° &
Z <
............................................. O S
= —
= fu =
= -
""""""""""""""""""""""" S =
I (o8
................ s E
T =
p o

........ 5 ik
= 2
(f) Balance this simplified equation for the decomposition of gunpowder. T 8

(1)

AAAAAAAAAAA KNO,(s) + S(s) + ....C(s) = KS(s) + N,(g) + ....CO,Q)
(g) Write the equation, including state symbols, for the formation of ethanol from
ethene and suggest conditions for the industrial preparation.
(2)

(Total for Question 23 = 19 marks)

TOTAL FOR SECTION C = 19 MARKS
TOTAL FOR PAPER = 80 MARKS
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