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Section A [70 marks]

Answer all the questions in this section.
Write your answers in the spaces provided on the question paper.

1 Choose from the following compounds in Fig. 1.1 to answer the questions.

Each compound, A, B, C, D, E and F may be used once, more than once or not at all.

H H

|
H—C|— —O0—H
H

C
H
A

State which compound:

Hzclz—cle2

H,C—CH,
B

H

HSC—?—CH3

CH,
E

Fig. 1.1

(@) has a molecule with only 11 atoms

(b)

(c)

(d)

H O

H,C—C—C—O—H

H

H O

H—O0—C—C—O0—H

CH,

[1]

is oxidised to form ethanoic acid

[1]

is an isomer of butene

[1]

reacts with hydrogen in the presence of a catalyst to make an alkane

[1]

[Total: 4]
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2 An experiment in Fig. 2.1 was set up for measuring the rates of diffusion of gases. The time taken
for 100 cm?® of some gases at room temperature and pressure to diffuse from this apparatus are
shown in the Table 2.1.

(a)

(b)

(c)

(d)

= diffusion plug
E - Table 2.1
133 gas tested time /s
carbon monoxide, CO 132
graduated cylinder chlorine, Clz 211
methane, CH4 100
nitrogen, N2 ?
oxygen 141
water
Fig. 2.1

Name and explain the gas that diffused fastest.

[1]

Explain in terms of kinetic particle theory why the temperature must be kept constant in this
experiment.

[2]

Suggest the time that 100 cm? of nitrogen would take to diffuse out of the apparatus.

[1]

Explain why this apparatus is unsuitable for finding the rate of diffusion for ammonia gas.

[1]

[Total: 5]
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Table 3.1 shows results of different tests conducted to compare the properties of two dibasic acid,
sulfuric acid and tartaric acid, of the same concentration.

Table 3.1
acid X Y
Universal Indicator red orange
volume of gas collected 10 s after reacting 14 cm?3 6 cm?3
with magnesium
volume of sodium hydroxide required for 22 .00 cm?3 22 00 cm?3
complete neutralisation of 25.0 cm? of acid

(@) Use information from Table 3.1 to explain which is the weak acid.

[3]

(b) The reaction of acid Y with aqueous sodium hydroxide can be represented by the equation
below, where the anion of the acid is given the symbol A.

H2A (aq) + 2NaOH (aq) — Na2A (aq) + 2H20 (1)

Calculate the concentration of acid Y in mol/dm3, if 0.100 mol/dm? of sodium hydroxide is used.

[3]

[Total: 6]



5

The halogens are a group in the Periodic Table consisting of six reactive elements.

(@) Complete Table 4.1 to show the colour and state of chlorine, bromine and iodine at room
temperature and pressure.

Table 4.1
halogen colour and state at room temperature and pressure
chlorine
bromine
iodine

[2]

(b) A jet of chlorine gas is aimed at a filter paper soaked in a solution of sodium bromide.

[ filter paper soaked in a

chlorine gas —* . . .
9 solution of sodium bromide

The solution on the filter paper quickly turns brown.

(i) Explain why the solution turns brown.

[1]




(ii) The experiment is repeated twice.

e Ajet of iodine gas is aimed at a filter paper soaked in a solution of sodium
bromide.

e A jet of bromine gas is aimed at a filter paper soaked in a solution of sodium
iodide.

State and explain what you would expect to see in each experiment.

[3]

(c) Chlorine is an oxidising element.

Explain, in terms of electrons, why chlorine is described as an oxidising element.

[1]
[Total: 7]
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5 The graph in Fig. 5.1 shows the volume of gas produced with time for some experiments of a metal,
M with hydrochloric acid. In all experiments, M forms an ion with a 2+ charge. The mass of M used
in each experiment is 0.195 g.

Only one of the experiments has an exact stoichiometric ratio of the reactants (i.e. there is no excess
of either reactant), while the rest of the experiments have an excess of metal M.

(@)

Volume of gas / cm?®

901-

- | ——

60+ — — — — =

Time /s

Fig. 5.1

Complete Table 5.1 with appropriate answers.

Table 5.1
- concentration of , 5 particle size of
experiment : s | volume of acid / cm metals
acid / mol/dm
(small or large)
a 0.250 20 small
b 0.200 30 large
c 0.125 20 large
d 0.250

[1]



(b) Using Collision Theory, account for the differences between graphs a and d.

[3]

(c) State the experiment (a, b, ¢ or d) that has the exact stoichiometric ratio of reactants.

[1]

(d) Hence, identify metal M. Show your working clearly.

[Total: 8]
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Car manufacturers are developing fuel cells for use in cars.
Fuel cells produce electrical energy from reaction between a fuel and oxygen.
Two possible fuels for use in fuel cells are hydrogen and methanol.

Table 6.1 gives some data about these two fuels.

Table 6.1
, 0 o o energy change of
fuel | melting point °C boiling point °C combustion kJ/mol
hydrogen -259 —252 256
methanol -97.7 64.5 715

(@) The table gives values for the energy change of combustion for each fuel in kd/mol.
(i) Calculate the energy output for 1 g of each fuel.

(iif) Use the values you have calculated and information in the table to discuss the
advantages and disadvantages of using each fuel in cars.

[2]

[3]
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(b) The energy output of a fuel can be shown using an energy profile diagram.
In the space below, draw an energy profile diagram for the combustion of methanol.

Your diagram should include labels for the reaction enthalpy change and activation
energy.

[3]

[Total: 8]
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Chlorofluorocarbons (CFCs) have been used in large quantities as solvents and aerosol
propellants.

When CFC molecules diffuse into the atmosphere, they destroy the ozone layer in the
stratosphere, which is about 30 kilometres from the Earth’s surface.

One of the most widely used CFCs was CC/2F2 and CH3CCI2F.

(@) CCLF2 can be made from methane via photochemical substitution reaction with chlorine
and fluorine gas.

Explain why the reaction between methane with chlorine and fluorine to form CC/2Fz is a
substitution reaction and suggest why it is described as photochemical.

[2]

(b) CHsCC/F is made by adding hydrogen fluoride to an unsaturated organic compound A.

In the space below, draw the structural formulae of compound A.

compound A

[1]
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(c) When CFCs rise to the stratosphere, energy from sunlight breaks C-C/ bonds in CFCs to

produce chlorine atoms. Chlorine atoms cause the breakdown of ozone in a two-step

process.
step 1 Cl+ O3 — CIO + O2
step 2 CIO + 03— Cl+ 202

A scientist comment, “One CI atom can destroy 100 000 ozone molecules.”

Use the equations for step 1 and 2 to explain the comment made by the scientist.

[2]

(d) Why is the ozone layer important to us?

[1]
[Total: 6]
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8 Compounds X, Y, and Z in Fig. 8.1 are some components of a perfume, which usually has many
different layers known as top note, middle note and base note. The structures of the compounds

are given below.

CH,~CH,~OH 0
O=C- H < _H I
| CH3 \C e C Y C/ p C o
| lcl (l: | (CH2)7 (CH2)7
- \ /
CH,~ C = CH, HO YC7 H c=cC
H H H
X Y Z
Fig. 8.1

(@) The top note gives the initial impression of a perfume and is an important selling point of
any perfume.

(i) Suggest why compound X is most likely responsible for the top note of the perfume.

[1]

(ii) Write an equation to show the product of compound X from suitable reactants.
Show the organic compounds as displayed formulae.

[2]
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(b) The middle note emerges just before the dissipation of the top note. It usually covers up
the less pleasant base note that comes after.

(i) Suggest why compound Y is most likely responsible for the middle note of the
perfume than compound Z.

[1]

(ii) Describe a simple test that can be used to distinguish between compound Y
and compound Z.

[2]
[Total: 6]
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Read the information about the relationships between the electronegativity of elements,
chemical bonding between elements and their bond energies.

Electronegativity of elements

Electronegativity is a measurement of the tendency of an atom to attract a bonding pair of
electrons. A bonding pair of electrons is the pair of electrons shared in a chemical bond.

The Pauling scale is used to measure the electronegativity of elements. It ranges from 0.7 to
4.0, with a higher value representing greater electronegativity. The greater the electronegativity
of an atom, the greater the tendency for the atom to attract the bonding pair of electrons to itself
in a chemical bond.

The values of the electronegativity of the first twenty elements in the Periodic Table are given in
Table 9.1. The electronegativity value of sodium has been intentionally left out.

Table 9.1
element electronegativity element electronegativity

H 2.20 Na

He no data Mg 1.31
Li 0.98 Al 1.61
Be 1.57 Si 1.90
B 2.04 P 2.19
C 2.55 S 2.58
N 3.04 Cl 3.16
O 3.44 Ar no data
F 3.98 K 0.82
Ne no data Ca 1.00

The difference in electronegativity between two elements involved in a chemical bond, %, can
be calculated by subtracting the smaller electronegativity value from the larger electronegativity
value.

2 gives a good indication of whether a chemical bond formed between two elements is ionic or
covalent. The general rule states that if a chemical bond is an ionic bond, the Z value is greater
than 2.0. An example is magnesium fluoride, MgF2, where ¥ = 3.98 — 1.31 = 2.67.

However, there are exceptions to this rule.
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Elements and their oxides and chlorides

The formulae and chemical bonding of the oxides and chlorides of some elements are given in
Table 9.2. The bonding in aluminium oxide has been intentionally left out.

Table 9.2
element formula of main bonding in formula of main bonding in
oxide oxide chloride chloride
H H.O covalent HCI covalent
Mg MgO ionic MgCl, ionic
Al ALOs3 AIC/; covalent
P P40O10 covalent PCl covalent
S SO covalent S2Ch covalent

Bond energies
Bond energies give an indication of the strength of the covalent bond. The higher the bond
energy, the stronger the covalent bond.

The bond energies of some covalent bonds are given in Table 9.3.

Table 9.3
covalent bond bond energy / kd/mol covalent bond bond energy / kd/mol
H-H 432 0=0 494
H-F 562 C=0 1077
H-C/ 431 C=0 799
P-CI/ 346 Cc-0 358

(@) (i) Describe and explain the trend in the electronegativity of Group 2 element.

[2]

(i) Predict the electronegativity of sodium.

[1]

(b) In Table 9.1, the electronegativity of helium, neon and argon are noted as ‘no data’.
Suggest why this is so.

[2]




(c)

(d)
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Aluminium oxide melts at 2072 °C.
Calculate the electronegativity difference, Z value for aluminium oxide.
Do the Z value support the bonding in aluminium oxide?

Explain your answer.

[2]

Two students talk about the information given.

Student 1: ‘I think that the electronegativity difference, % value, is directly

proportional to the bond energy of a single covalent bond between two
different atoms.’

Student 2: ‘I think that the electronegativity difference, % value, can predict the
covalent bond strength.’

Does the information in the tables support the ideas of the students?

Student 1:

Student 2:

[3]
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(e) Diagrams can be used to represent how particles are chemically bonded.

(i) The ‘dot-and-cross’ diagram of an ammonia molecule is shown below in Fig.

b G@b
(0

Fig. 9.1

Based on your understanding of electronegativity, suggest why the ‘dot-and-
cross’ diagram is not an accurate representation of the covalent bonds in

ammonia.

[1]

(ii) Inthe space, draw a ‘dot-and-cross’ diagram for S2Clz.

(1]
[Total: 12]
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10  An electrolytic and electrochemical set-up consisting of two cells are shown in the Fig. 10.1

below.
— copper wires

: : — graphite

| |
STVt graphite electrode 2

electrode 1
dilute silver nitrate
sulfuric acid || — ZInc —— solution
X J \_ J
cell A cell B
Fig. 10.1

(a) Both cell A and cell B use electrodes, electrolytes and copper wires for electrical
conduction.

Describe how the electrodes, electrolytes and copper wires conduct electricity.

(b) Incell A, zinc is the negative electrode.

Write the overall equation for the reaction in cell A.

(c) (i) Write an ionic equation for the reaction at the graphite electrode 1 in cell B.

(ii) Describe and explain the change in pH, if any, of the electrolyte in cell B.

[2]

[1]

[1]

[2]
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(d) The electrolyte in cell B is replaced with molten aluminium oxide.

After a long period of time, one of the graphite electrodes in cell B reduces in size and
needs to be replaced.

Explain why this graphite electrode needs to be replaced.

[2]
[Total: 8]
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Section B [10 marks]

Answer one question from this section.

11 Spider silk is a compound with a long chain mainly made up of amide linkages.

Amino acids are molecules with two key functional groups. Each amino acid molecule consists
of an amine group on one side, and a carboxyl group on the other, which allows them to
polymerise into long chains known as “polypeptides”.

Fig. 11.1 shows the structural formula of the three main amino acids, glycine, alanine and
serine, found in spider silk.

| | |
H,N— cl:— CO,H H,N— (l:—cozH H,N—C—CO,H
H CH, CH,OH
glycine alanine serine
Fig. 11.1

(a) (i) Assume spider silk is made from repetitive sequences of
—qglycine—alanine—serine—

In the space below, draw the structural formula of the repeating unit of this
polypeptide.

[2]

(i) State the type of polymerisation reaction that the amino acids undergo to
form this polypeptide.

Explain your answer.

[2]
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(iii) The Mr of each polypeptide is about 600 000.

Assuming the polypeptide is made from the same repeating unit in (a)(i),
calculate the average number of amino acids monomers in this polypeptide.

[2]

(b) Nylon is also a polyamide. It is a synthetic fibre that is non-biodegradable. Part of the
structure of nylon is shown in Fig 11.2 below.

= A "

H HHHHH O HMHHHO
L0 !lllllll
~+N—C—~C~C~C—C~C—N—C—C—C—C—C—C+
Lo o bt o ek Illl

HHHHHHHH HHHH |

Fig 11.2

(i) Inthe space below, draw the full structural formula of the two monomers that
react to form this nylon.

[2]

(ii) A chemical method of recycling nylon involves depolymerisation. Describe
what depolymerisation is and state the conditions required.

[2]

[Total: 10]
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12 Production of electric cars has been increasing in the recent years.
This result in the increasing demand for light-weight materials such as aluminium-silicon alloys.
Silicon is extracted from sand, primarily composed of silicon dioxide, by heating it to 2000 °C with

carbon in a furnace. This process produces silicon and carbon monoxide as shown in the
reaction:

SiO2 + 2C — Si + 2CO

However, sand also contains small amounts of aluminium oxide, which remains in the silicon
after the reaction with carbon. Further purification steps are required to remove this aluminium
oxide impurity.

(@) What conclusions can you make from this information about relative reactivity of carbon,
silicon and aluminium?

Use ideas about reduction to explain your answer.

[2]
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(b) Table 12.1 shows information about some oxides of carbon, silicon and aluminium.

Table 12.1

oxide

melting point / °C

boiling point / °C

density at room
temperature and
pressure in g/cm?3

electrical
conductivity

does not conduct

carbon monoxide -205 -192 0.002 .
in any state
silicon dioxide 1600 2230 2.65 does not conduct
in any state
aluminium oxide 2000 2980 3.99 conduct when

molten

Use ideas about bonding and structure to explain the differences between the
properties of the oxides of carbon, silicon and aluminium.

[5]
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(c) Aluminium-silicon alloys contain aluminium mixed with silicon and other elements.

Table 12.2 shows information about the composition of some aluminium-silicon alloys.

Table 12.2
alloy percentage by mass of | percentage by mass of elements other than
silicon silicon and aluminium
<16 7
16 - 19 8
z 22 -24 6

100 g of an aluminium-silicon alloy is analysed and found to contain 2.8 mol of

aluminium.

Identify the alloy, X, Y and Z, using the information in Table 12.2.

Show your working.

[3]
[Total: 10]

END OF PAPER
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