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Section A

Answer all the questions in this section in the spaces provided.

1 The formulae of some oxides are given in the following list.

Si0O2 H20 Na20:2 | Br20 CcO

Zn0O NO:2 SO NiO Ag:20

(a)

(b)

Choose oxides from the list to answer the questions. Each oxide
may be used once, more than once or not at all.

(i) Which oxide is formed only when there is insufficient oxygen
during the combustion of petrol?

[1]

(ii)  Which oxide reacts with both hydrochloric acid and
potassium hydroxide?

[1]
(iii}  Which oxide is the main constituent of sand?

(1]
(iv)  Which oxide contains oxygen with an oxidation state of —1.

- [1]

Draw a dot-and-cross diagram to show the bonding in Br20. Show
outer shell electrons only.

(2]
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2 This information comes from a textbook about elderberries.

Elderberries are widely used in wine making.
Extract of elderberries is a useful pH indicator
and it can be separated by chromatography.

As an indicator, the colour of the extract changes
to pink at a pH of 2 — 3 and to blue at a pH of
11 -=12.

N

L &
& RN R AE D L
N3 PN

elderberries

(a) Predict the colour of the elderberries extract at pH 7.

(1

(b) The chromatogram shown in Fig. 2.1 was obtained when water
was added to a drop of elderberries extract at the centre of a filter

paper.
dark blue

dark pink

light blue

Fig. 2.1

An alternative set-up for the above experiment was shown in
Fig. 2.2.

NG
"/ 4~ stopper
solvent front
filter paper strip

——— boiling tube

position of extract at the start of experiment

water

Fig. 2.2
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Given that the distance travelled by the dark pink dye is 1.00 cm,
complete Table 2.1 by stating the distance travelled by the light
blue and dark blue dyes.

distance travelled
dye Re value (cm)
light blue 0.2
dark pink 0.4 1.00
dark blue 0.5
Table 2.1 [2]

(c) Fig. 2.3 shows how pH values changed during a titration vyhen an
acid was added from a burette into a solution of an alkal.l. Some
drops of elderberries extract were added at the start of titration.

14

12

10

volume of acid added / cm?

Fig. 2.3

(i)  Suggest one possible chemical formula of the alkali.

11
(i) State the colour of the elderberries extract when the following
volume of acid was added
20 cm®:
(1]
30 cm?3: [1]
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3 Fluorine, Chlorine, Bromine and lodine are elements found in Group VIl
of the Periodic Table.

(a) Read the statements and mark with a tick (V) the statement(s)
which you think is/are true.

statement indicate with a tick (V) if true

lodine gains electrons more
readily than fluorine,

lodine is an element with a
simple covalent structure.

lodine has strong covalent
bonds between molecules.

lodine dissolves in water to
form a brown solution.

(1]
(b) A redox reaction takes place when chlorine gas is bubbled into zinc
bromide solution.
(i) Give the ionic equation including the state symbols for the
reaction.
(2]
(ii) Describe the colour change seen during the reaction.
1]
(iii)  Use oxidation states to prove that this reaction is a redox
reaction,
[2]
(iv)  Name the reducing agent in this reaction.
1]
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4  The melting point of sodium chloride and chlorin

e are represented in Table 4.1.

melting point / oC

substance
sodium chloride 801
chlorine -101

Table 4.1

(a) Explain, in terms of structure and bonding, the difference in the
melting points of these two substances.

(b)

(c)

[3]

Explain why molten sodium chloride conducts electricity but solid
sodium chloride does not.

[2]

Draw a 'dot-and-cross’ diagram for sodium chloride, showing only

the outer electrons.

[2]
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5

Halogen can react with hydrogen to form hydrogen halides. Hydrogen chloride,
HC/, and hydrogen fluoride, HF can be made from the reaction of hydrogen with
Chlorine and fluorine respectively. Table 5.1 lists some bond energies involved.

bond bond energy (kJ/mol)
Ci—Ci 243
F—F 159
H—H 436
H—F 569
H-C/ 432
Table 5.1

(a) The equation for the formation of hydrogen chloride from its
elements is

Hz2 (g) + Cl (g)— 2HC/ (g) AH =-185 kJ/mol

What does the enthalpy change, AH, tell us about the reaction?

[1]

(b) Complete and label the energy profile diagram by showing clearly

the enthalpy change and activation energy for the formation of

hydrogen chloride.
enthalpy
'
H2 (g) + Ci2(g)

rogress of reaction

prog 12]
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(c) Use the bond energies given in Table 5.1 to calcul.ate the enthalpy
change for the formation of hydrogen fluoride from its elements.

[2]
(d) When dissolved in water, hydrogen fluoride forms a weak acid
while hydrogen chloride forms a strong acid.
(i) Explain the difference between a weak acid and a strong
acid.
[1]

(i) Use the data on bond energies in Table 5.1 to explain this
difference in strength of the two acids.

(2]
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6 A student conducted a series of experiments at room temperature to
investigate the effect of concentration on the rate of decomposition of

hydrogen peroxide to form water and oxygen in the presence of
manganese(lV) oxide.

experiment | concentration of H202/ | volume of H202
mol/dm3 used / cm?3
| 0.100 50
Il 0.150 50
1 0.200 50
Table 6.1

The results obtained for experiment | was then plotted in Fig. 6.1.

A
volume of O,/ cm?

a0 .
60 1

30 +

> time taken/s

Fig. 6.1

(a) Write a balanced chemical equation for the decomposition of
hydrogen peroxide.

(1]
(b) (i) Explain how the rate of reaction changed during the
experiment.
[1]
(i)  Using your knowledge on the collision theory, state and
explain another factor which may affect the rate of reaction.
(2]
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(c) A 60 cm?® gas syringe was used to measure the volume of oxygen

(d)

produced in experiment Ill. Explain why it is impossible to measure
the volume this way.

[1]

Sketch on Fig. 6.1, the result one would expect to obtain for
experiment Il if the percentage yield of oxygen is 75%. [1]
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(a) Crude oil contains a mixture of hydrocarbon.

In a petrol refinery, fractional distillation is used to separate crude
oil into fractions.

> fractions

Fig. 7.1

Within each fraction the molecules are of a similar size.

Describe and explain how the process of fractional distillation
separates crude oil into fractions.

. [8]
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(b) A molecule of Ci7Has undergoes catalytic cracking. The reaction
produces three different products, K, L and M.

CitHag ——— C4Hip + CaHs +

hydrocarbon K hydrocarbon L hydrocarbon M

(i) Define the term cracking and explain the importance of the
process of cracking.

[2]

(i) Describe a chemical test to distinguish between
hydrocarbon K and L and give the results of the test.

(21

(iii) ~ Given that hydrocarbon M is ethene, write the complete
equation for the cracking of C17H3s as shown above

(1l
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Section B

Answer all the questions in this section in the spaces provided.
Answer only one of the two alternative questions in Question 10.

lonisation Energy of Group Il metals

The ease of a metal atom losing an electron can be determined from
ionisation energy. If the electron is more strongly held by the nucleus
of the atom, a higher ionisation energy is needed.

First ionisation energy is the energy requiréd to remove 1 mole of
electrons from 1 mole of gaseous atoms to produce 1 mole of
gaseous ions each with a charge of 1+. The reaction can be
described by the equation below:

X(g) — X'(9)+e

The second ionisation energy is the energy required to remove 1
mole of electrons from 1 mole of gaseous cations with a charge of 1+
to produce 1 mole of gaseous ions each with a charge of 2+.

X*(g) —> X¥*(g)+e

The table shows a list of first and second ionisation energies of
Group Il metals: The metals are arranged according to their reactivity.

bl first ionisation | second ionisation
energy / kJ/mol | energy / kJ/mol

least — peryllium 899 1757
reactive

magnesium 738 1450

calcium 589 1145

‘ strontium 549 1064

oo IO barium 503 965
reactive

Table 8.1
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Thermal stability of carbonates of Group Il metals

Fig. 8.1 shows the temperature at which the carbonates of Group |
metals decompose.

Temperaturel°C
1600

1400 eI

5
|
0 /

|
e Vi |
i / |
i W ;
;
{

o /
200 /

0

e e e

BeCO MgCO CaCO SrCO BaC':O:

Fig. 8.1

In an experiment, 1 g of the metal carbonate is heated until no further
change and the volume of carbon dioxide is measured. The results
are recorded in Table 8.2.

metal carbonate volume of carbogr:;oxide collected /
BeCOs 348
MgCOs 286
CaCOs 240
SrCOs 0
BaCOas 0

Table 8.2

(a) What is the relationship between the second ionisation energy
and the position of the metals in Group 11?

[1]
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(b) Calculate the number of moles of calcium atoms in 1 g of
calcium. Hence, find the energy required for 1 g of calcium
atoms to form Ca?* ions.

number of moles of calcium atom = mol

kJ (3]

energy required to form Ca?* ions =

(c) A student proposes that the temperature at which Group 1l metai
carbonates decompose depends on the second ionisation
energy. Is he correct? Give an explanation.

(2]

(d) Give a reason why no carbon dioxide is obtained from heating of
the carbonates of strontium and barium.

(1]

1 g of an unknown Group Il metal carbonate produces 122 c¢m?3
of carbon dioxide when reacted with excess hydrochloric acid

according to the equation:

XCOj; + 2HC/ — XCk + H,0 + CO,

Show by calculation that this Group Il metal is barium.

(3]
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In recent years, resolutions and laws aimed at curbing the emission of ajr
pollutants have been passed throughout Europe and the world. The more
stringent exhaust emission standards which came into effect in the USA and
Europe prompted the car industry to develop new and improved technologies
in car engines to reduce pollutants in exhaust gases.

Fig. 9.1 and Fig. 9.2 show the percentage of gases present in the exhaust of
new improved petrol and diesel engines fitted with catalytic converters.

exhaust from the petrol engine

ATy HC
— NO

1% |2%|co

Fig. 9.1

exhaust from the diesel engine

—] SO
2 HC
5 PM

NO

i fole

Fig. 9.2

Key:

HC - unburnt hydrocarbons, PM - particulate matter, NOx — oxides of nitrogen
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(a) Which engine is more environmentally friendly? Explain this
using the information from the pie.

.................................

(2]

(b) Usin'g the data given, suggest why the percentage of carbon
monoxide produced in a petrol engine is higher than a diesel
engine.

..............

...... [2]

(c) Explain why there is such a high percentage of water in the
exhaust of both engines.

[1]

(d) Suggest why the percentage of oxides of nitrogen is higher in
the exhaust of the diesel engine.

........... [1]

(e) Oxides of nitrogen are removed from car exhaust emissions by
catalytic converters. In a converter, nitrogen monoxide reacts
with carbon monoxide.

(i) Write a balanced chemical equation for this reaction.

[1]

(i) Cars fitted with catalytic converters still give out
environmentally harmful gases such as carbon dioxide in
large amounts. Describe a problem that carbon dioxide
may cause.

[1]
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(f)

The percentage composition of sulfur dioxide present in diesel
exhaust is about 0.03% by volume.

(1)  State why sulfur dioxide is found in diesel exhaust.

[1]

(if)  Explain why it is important to reduce the percentage of
sulfur dioxide.

\ (1]
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EITHER

10 Many monomer molecules react together to form one molecule of a
polymer. This reaction is called polymerisation.

(a) Fig. 10.1 shows part of the structure of a protein X which is a
natural polymer.

O 0 O )
[ ot | I
—C—D—T—C—%/Z —T—C—:)—T—C—WI/ N
H H H H
Fig. 10.1

(i)  State the type of condensation polymer. Give a reason.

[2]
(ii)  Draw the structures of the two monomers from which the
condensation polymer is made.
monomer 1:
(1]
monomer 2.

[1]
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(b) Styrene-butadiene rubber (SBR) is a synthetic polymer which is
made from a mixture the monomers butadiene and styrene.

The structures of butadiene and styrene are given Fig. 10.2.

H H CH=CH,
\ i
c=C | |
/ \

H CH

butadiene styrene
Fig. 10.2

When the mixture of butadiene and styrene polymerises, one of
the possible structure for the polymer is shown in Fig. 10.3.

— butadiene — styrene — butadiene — styrene }— butadiene }—

Fig. 10.3

(i)  What type of polymerisation does the monomers undergo
to form SBR? Explain your answer.

[2]

(ii) Draw the full structural formula for one repeat unit in the

polymer structure in (b). '

[2]
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(iii)

Explain why the mixture of monomers is likely to produce a
polymer of irregular repeat pattern that is different from the
above.

........................................................................................................................

....................................................... [1]
Like most synthetic polymers, SBR is non-biodegradable.
Describe one problem which this property causes.

........................... ) ) [1]
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OR

10 Aqueous copper(ll) sulfate is electrolysed as shown in Fig. 10.1.

electrodes
aqueous ;
copper(ll)— -
sulfate =~ ‘=== -oooos )
Fig. 10.1

(a) Write a half-equation for the reaction that occurs at the cathode.

[1]

(b) Describe and explain any changes that occur in the electrolyte as
the reaction continues for a period of time.

[3]

(c) Suggest another type of electrodes that can be used to replace
these graphite electrodes without changing the results of the
experiment.

[1]
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(d) Two students, A and B made statements about the electrolytic
set-up.

Student A: “If we change the electrolyte to a highly goncent(ated
solution of copper(ll) sulfate, the results of this experiment will be
entirely different.” ' '

Student B: "The concentration of the copper(ll) sulfate electrolyte
here does not affect the results of the experiment.”

Which student made the correct statement? Give a reason for
your answer.

............

[2]

() A student investigated the relationship between the mass of
copper formed and the total charge passed through the solution.
The graph of the results are seen in Fig. 10.2.

0.25 s @ T
;
0.20
y,
TR r’/' e
mass of copper oA SR .
formed/g ™ suiauun AR} rH
3 A4 +
A
Y 1
0.10 R
s /
T
"ot -
0.05 1+ % :
4-,_..r_ Ft.- 1L
"4-—1}- 71
o

0 100 200 300 400 500 600 700 800
charge / coulombs

Fig. 10.2
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(i)

(ii)

Deduce the mass of copper formed when a charge of
600 coulombs is passed through the solution.

..... [1]
Use information given in Fig. 10.2 to predict the charge
needed to form 1 g of copper and hence deduce the charge
needed to deposit 1 mole of copper.

[2]
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