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An experiment was conducted to determine the time needed for 5g of
copper(1l) carbonate to completely decompose on heating.

The following apparatus were found in the iaboratory:

Bunsen burner
boiling tube
stopwatch
thermometer
weighing balance

b wWwN =

Which apparatus can be used to conduct the experiment?

1,2and 3
1,3and 5
1,2,3and 5
1,3,4and 5

SoOw>

Gas Y is less dense than air and dissolves in water to give a solution of pH 2.

Which method is used to collect a dry sample of the gas?

A C T avy
dry Y i
Y
AR I SR
degegl N non eyt =+ waler
--------------------- calcium
oxide
B D
ary ¥
Y -
T+—dry Y
= 2 concentrated

J sulfuric acid
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A coloured substance is made in an experiment. The list shows some methods to
determine if the substance is pure.

test the substance using paper chromatography
test the substance with litmus paper

dissolve the substance in water

measure the melting point of the substance

B wWwhN -

Which method can be used to determine if this substance is pure?

1 and 2 only
1 and 4 only
1,2and 4
1,3and 4

oOm>P

The diagram below shows a chromatogram of an analysis of the dyes present in six
different ink samples, P, Q, R, S, T and U.

How many different dyes were used to make these six ink samples?

cowpP
(- WS N

The diagram shows a chromatogram obtained from the analysis of a drug sample.

If the drug has an R value of 0.88, at which point on the chromatogram is the spot
found?
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The table shows the melting and boiling points of four substances.

Which substance is a liquid at 100 °C?

3 melting point / °C | boiling point/ °C 3
A ~189 1 50 |
B -28 1 99 \
G -10 129 g
D 142 278 |

The graph shows the change in temperature with time when a gaseous substance X
is being cooled.

VORI I O 0 O 00 O O
140,
?EG.V LS
100
80—+ L 1]

Teenpecalure °C)

40 tdd x .

g0 ¢ 4 & 8 10 12 14 & 1B 20 22 24

Time {man)
Which statement about substance X is correct?
A Xexists in the gaseous state between 2 to 9 minutes.
B X exists as a mixture of gas and liquid at 12 minutes.
C X has a boiling point of 70 °C.
D Xis a solid at room temperature.

An ion, LZ*, has m electrons and a nucleon number of n.

Which row shows the correct number of sub-atomic particles for an atom of L?

number of protons | number of neutrons
A m n—-m
B m-—2 n+(m-2)
o 42 n+(m+2)
D m+2 n—(m+2)

Which statement about an element is always true?

An element can be broken down into simpler substances by strong heating.
An element comprises of molecules in fixed proportions.

An element comprises of one type of atoms.

An element exists as molecules.

ocoOowm>
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10 The symbols @ and O represent atoms of different elements.

11

12

Which diagram shows a mixture of compounds?

A r}:?) ‘% ¢ (

N

T e (o 1 oo

Which statement is correct for all ionic compounds?

They are formed when metals share electrons with non-metals.
They conduct electricity in all states.

They have high melting and boiling points.

They have low density.

oOmw>»

The diagram below shows the ‘dot-and-cross’ diagram of a molecule formed when
element W reacted with element X.

N '.‘
.‘ Wy

Given that W is found in Period 2 of the Periodic Table, which statement about W is
correct?

W conducts electricity in the liquid state.

W exists as monatomic molecules.

W has low melting point and boiling point.

W reacts with magnesium to form a covalent compound.

oo mw>»
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13

14

15

16

The diagram shows the full structural formula of an amino acid that is often used to
manufacture medicines.

0
Ho_ _H j]
Hoo A0 il M

s [ 0

N

| H

N
H~  H

How many valence electrons are not involved in bonding?

A 8

B 14
C 26
D 28

Which statement explains why iron conducts electricity?

A Iron has free moving atoms.

B Iron has free moving electrons.

C lIron has free moving cations.

D Iron has free moving cations and electrons.

Antacid tablets dissolve in water to give an alkaline solution.
A few drops of Universal Indicator is added to the solution.

Which row shows the pH of the solution and the colour of the solution after Universal
indicator is added?

pH colour of solution
A greater than 7 blue
B greater than 7 orange
Cc less than 7 blue
D less than 7 orange

Solution X and Y are two commonly used acids.

X: 1 dm? of 1.0 mol/dm?® hydrochloric acid, HCI.
Y: 1 dm?® of 1.0 mol/dm? ethanoic acid, CHz:COOH.

Which statement about solutions X and Y is correct?

A Xis more concentrated than Y.

B Xhas a higher pH than Y.

C XandY are both strong acids.

D XandY both contain 1 mol of H* ions.

6
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17 The table shows some information about three indicators.

18

19

20

| - 5
indicator colour Charlge pH at which colour change
low pH - high pH takes place
methyl orange } red - yellow | 4.0
bromothymol blue | yellow = blue 6.5
phenolphthalein ‘ colourless = pink J 9.0

If equal volumes of these three indicators are added to the same beaker containing a
liquid of pH 6, what is the colour observed?

ooOow»

blue
yellow
green
orange

An aqueous reagent is added to a solution of ammonium nitrate.
When the mixture is heated, ammonia gas is produced.

What is the aqueous reagent added?

ooOow>»

potassium hydroxide
lead(II) hydroxide
nitric acid

sodium nitrate

When a piece of lithium was added to a beaker of water, effervescence was
observed. The gas was collected and tested.

Which test and observation could be used to confirm the identity of the gas produced?

cow>»

A burning splint extinguishes with a ‘pop’ sound.
A glowing splint relights.

Damp red litmus paper turns blue and then white.
Gas forms white precipitate in limewater.

Which solution forms a white precipitate with both dilute sulfuric acid and aqueous
silver nitrate?

oow>»

barium chloride
barium nitrate
lead(II) iodide
lead(IT) nitrate
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21

22

23

24

A salt P was dissolved in water to form a colourless solution. On addition of aqueous
sodium hydroxide to the colourless solution, a white precipitate was formed which
dissolved in excess aqueous sodium hydroxide. Aluminium powder was then added
and the resulting mixture was warmed. A gas was produced, which turned damp red

litmus paper blue.

What is P?

A aluminium sulfate
B caicium nitrate

C sodium sulfate

D zinc nitrate

The chemical equations for two reactions are shown.

1 2HgO > 2Hg + O,

2 2NaNO: + Oz = 2NaNOs;

In which of these reactions is the underlined substance reduced?

ooOom>»
xx K =

x WUx <N

v : reduced
x : not reduced

Hydrogen peroxide was added separately to aqueous potassium iodide and acidified

potassium manganate(VII).

Which row describes the correct colour changes?

aqueous potassium iodide acidified potassium manganate(VII)

colourless to brown
colourless to brown
brown to colourless
brown to colourless

ocOom»

purple to colourless
remains purple

purple to colourless
remains purple

Which pair of reagents cannot be used to safely prepare a pure sample of

sodium sulfate?

sodium and sulfuric acid

ocoOomw>

sodium carbonate and sulfuric acid
sodium oxide and sulfuric acid
sodium hydroxide and sulfuric acid
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26

27

28

29

Which salt could be prepared by the precipitation method?

ammonium chloride
calcium sulfate
potassium chloride
silver nitrate

o0 w>

Phosphoric acid, HsPOs, reacts with lithium carbonate as shown in the chemical
equation below.

2H3POs (aq) + 3Li2COs(aq) > 2LisPOa4(ag) + 3H:0 (/) + 3CO2(g)
What is the ionic equation for this reaction?

A PO« (ag) + 3Li*(aq) = LisPOs (aq)

B 2H'(agq) + COs>(ag) > H0() + CO:(g)

C 2H'(aq) + Li2COs(aq) > 2Li*(ag) + H.0 () + CO.(g)
D HiPOs(ag) = 3H*(aq) + POs* (aq)

Element Q has 7 protons.
Element R has 8 more protons than Q.

Which statement about element R is not correct?

Ris in the same group as Q in the Periodic Table.
R is in a different period as Q in the Periodic Table.
R has more electron shells than Q.

R has more electrons in its outer shell than Q.

oOm>r

Which statement shows the general trend of the elements across Period 3 from
sodium to chlorine?

A The boiling points of the elements increase.

B  The electrical conductivity of the elements increase.
C The metallic character decreases.

D The bond strength decreases from ionic to covalent.

Which property is typical of transition metals?

They have low densities.

They have low melting points.
They form ions with a 2+ charge.
They form coloured compounds.

oOw>
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30

31

32

33

BP-~248

The diagram shows elements W, X, Y and Z in the Periodic Table.
The letters are not the chemical symbols of the elements.

[]

<|S

Which statement about the reactivity of the elements is correct?

X is more reactive than Z, W is more reactive than Y.
X is more reactive than Z, Y is more reactive than W.
Z is more reactive than X, W is more reactive than Y.
Z is more reactive than X, Y is more reactive than W.

oOw>

Which substance contains the same number of atoms as 10.8 dm?® of oxygen gas at
room temperature and pressure?

0.45 mol of neon gas
0.9 mol of chlorine gas
12.6 g of nitrogen gas
1.8 g of hydrogen gas

ocoOowm>»

A chloride, ECI,, contains 12.0 g of chlorine and 0.338 mol of element E.
Which group in the Periodic Table does element E belong to?

A I B I C 1 D V

The equation for the burning of methane in oxygen is shown below.
CHa(g) + 202(g) = CO2(g) + 2H20 ())

Which statement describes the reaction?

1 g of methane reacts with 2 g of oxygen.

1 mol of water is produced when 2 mol of oxygen is reacted.

16 cm?® of methane is required to produce 32 cm?® of water.
36 g of water is produced when 16 g of methane is reacted.

oOow>
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34

35

36

37

N204 is a toxic gas that can be removed by reacting it with sodium hydroxide as
shown in the equation.

N2Os (g) + 2NaOH (ag) > NaNOs(aq) + NaNO:(ag) + Hz0 (/)

What is the exact volume of 0.5 mol/dm® sodium hydroxide required to remove
0.04 mol of N204?

A 16cm?
B 40cm?®
C 80cm?d
D 160 cm?

30 cm? of sulfur dioxide was reacted with 20 cm?® of oxygen as shown in the equation
below.

2802(g) + O2(g) > 2S0s(g)

What is the final volume of gases obtained at room temperature and pressure?

A 20cm?
B 25cm3
C 30cm?
D 35cm?

When 21.0 g of sodium hydrogencarbonate, NaHCOs;, was strongly heated,
1.50 dm? of carbon dioxide gas, measured at room temperature and pressure, was
produced.

2NaHCOs; = NaxCO3z + CQOz2 + H20
What is the percentage yield of carbon dioxide?

25 %
50 %
75 %
100 %

coOow»

A student wants to make 0.25 mol/dm? nitric acid.

What is the volume of water that has to be added to 40.0 cm?® of 2.00 mol/dm? nitric
acid to obtain the required concentration?

24 cm?®
80 cm®
280 cm?
320 cm?

oow>»
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38

39

40

Which process is the enthalpy change always positive?

combustion
evaporation
neutralisation
respiration

ooOowr

The reaction between magnesium and hydrochloric acid is an example of an
exothermic reaction.

Which statement describes this reaction?

Heat is absorbed from the surroundings.

The thermometer shows a decrease in temperature.

The bonds in the reactants are weaker than the bonds in the products.

The total energy required to break bonds is lower than the total energy released
on bond forming.

oOm>»

The energy profile diagram for the formation of ammonia from the reaction of
nitrogen and hydrogen is as shown.

{l

+250 kJ/mol
N2 + 3H2 il W _342 kJ/mOI
enthalpy
change ; ' 2NHs

What is the enthalpy change for this reaction?

-92 kJ/mol
+92 kJ/mol
-592 kJ/mol
+592 kJ/mol

oOoOw>
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Section A (50 marks)

Answer all questions in this section in the spaces provided.

A1l Complete Table 1.1 to show the electronic configuration of three particles X, Y

and Z.
Table 1.1
rticl number of number of electronic
particle protons electrons configuration

X 5

b i 3

i 10

[Total: 3]

A2 Table 2.1 shows some information about three liquids, ethanol, methanol and

hexane.
Table 2.1
liquid molecular formula  boiling point (°C) | density (g/cm?)
ethanol C2HsO 7 78 0.79
methanol CH:0 65 0.79
hexane CsH14 69 0.66

(a) Name an apparatus that can be used to measure accurately 25.0 cm? of

each liquid.

(b) A liquid mixture of methanol and hexane is separated using the

apparatus shown in Fig. 2.2.

(1]
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(i) Name the apparatus in Fig. 2.2. [1]
(i)  Write the names of the liquids in the correct boxes. [1
(iii)  Explain your answer in (b)(ii). [1]

()  Another liquid mixture of ethanol and hexane is separated by fractional
distillation as shown in Fig. 2.3.

|—— thermometer

condenser

round
bottom s %
flask ﬂ ‘;,— distillate
i £ 1\ l
boiling chips _ ) / ™ ;‘ T conical flask

Ml ethanol
] ! and

,.’ n hexane

Fig. 2.3

(i) Name the liquid that remains in the round bottom flask at the end

of the process. [1]
(i)  State the purpose of the boiling chips. [1]
3
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(iii)  On Fig. 2.4, sketch a graph of how the temperature changes from
room temperature until both liquids have distilled over into the
conical flask.

Label the boiling points of both liquids in your graph. [2]

temperature/ °C 4

v

time / min
Fig. 2.4

(iv) Describe the arrangement and movement of the particles at the
part labelled A in Fig. 2.3. [2]

[Total: 10]
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A3

Fig. 3.1 shows a set-up used to investigate the rate of diffusion of two gases,
methylamine, CHsNH2, and hydrogen chloride, HC/. Methylamine has similar
chemical properties to ammonia.

When the two gases meet in the tube, a reaction takes place and a white solid,
methylammonium chloride, CH3NHsC/, is produced.

cotton wool soaked in i ' iy cotton wool soaked in
concentrated Ak 5 concentrated
methylamine solution gl 050 I hydrochloric acid
damp universal damp universal
indicator paper indicator paper

Fig. 3.1

(a)  Write a balanced chemical equation, with state symbols, for the reaction
that occurred in the tube. [1]

(b) State the colour of the Universal indicator papers at the end of the
reaction. [2]

colour of Universal indicatorpaper 1 ...............occooiiiiiiiiiiiiiei,

colour of Universal indicatorpaper2 ....................ccooooiiiiiiiiiiin,

(c) (i) Indicate on Fig 3.1 with an ‘X’ where the white solid would be

formed inside the tube. [11
(ii)  Explain your answer in (c)(i). [3]
.......................................................................... [Total7]
5
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A4

(@)

(b)

Nitrogen is the most abundant gas in the air. It is an inert gas and can
be used to store reactive metals such as sodium. There are two stable
isotopes of nitrogen, *N and "°N.

(i) Define the term isofopes. [1]

(i)  Draw a 'dot-and-cross’ diagram to show the bonding in a molecule
of nitrogen. [2]

(iii)  Use your diagram in (a)(ii) to explain why nitrogen is an inert gas.

(1]

Nitrogen is an important element required for good plant growth. Hence
it is a major component for many fertilisers, usually in the form of
ammonium nitrate, NHsNO3, and urea, CO(NH2)2.

(i) A manufacturer claims that fertiliser containing urea is a better
choice as it contains more nitrogen than the same mass of
ammonium nitrate.

Calculate the percentage by mass of nitrogen in each compound
and state whether the claim is true. [2]

6
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(ii)  Urea is manufactured by the reaction as shown.
2NH3 + COz = CO(NH3) + H20

Calculate the mass of urea produced when 50 g of ammonia is
reacted with 30 dm? of carbon dioxide. [3]

(c) Table 4.1 shows two oxides of nitrogen.

Table 4.1 B
id chemical type of oxide
oxide formula neutral acidic basic amphoteric
nitrogen .
monoxide
nitrogen
dioxide

(i) Write the chemical formula of the two oxides of nitrogen in
Table 4.1. [1]

(i)  Identify the type of oxide by ticking (v') the appropriate boxes in

in Table 4.1 [2]
[Total: 12]

7
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A5

Chlorine and bromine are halogens found in Group VII of the Periodic Table.
They show a trend in their physical and chemical properties.

(a)

(b)

(c)

Complete Table 5.1 to show the properties of chlorine and bromine. [2]

Table 5.1
physical state at room
halogen temperature and pressure Colour
chlorine
bromine %
| |

When chlorine is added to an aqueous solution of potassium bromide, a
reaction occurs.

(i) State the observations for this reaction. [1]

(ii)  Explain the reaction that has occurred. [2]

(iii) Write a balanced ionic equation, with state symbols, for the
reaction. [2]

Chlorine reacts with bromine to form bromine chloride as shown by the
chemical equation.

Ch + Br. > 2BrCl

The table shows the bond energies.

CI-Ci Br-Br Br-C/
bond energy in kJ/mol 244 193 204
8
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(i) Use the data in the table to calculate the

» energy for bond breaking [1]
* energy for bond making [1]
(ii)  Hence calculate the enthalpy change of the reaction. [1]
[Total: 10]
9
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A6  Kis a mixture of compounds L and M.

Fig. 6.1 is a flowchart that shows a series of chemical reactions carried out on

mixture K.

add excess water and filter

L
colourless solution

add sodium

add aqueous . '
sodium hydroxide, A/ foil
hydroxide in and warm
excess
P Q

white precipitate, gas which turns

insoluble in moist red litmus

excess paper blue

(a) IdentifyL,M,P,Q, RandS.

green solid M

add ditute sulfuric acid

Fig 6.1

blue solution R gas §
add aqueous bubble gas
ammaniain into
excess limewater
A 4
blue precipitate white
which dissolves precipitate
in excess, giving formed
a dark blue
solution

(6]

(b)  Write a balanced chemical equation for any one of the reactions above.  [2]

10
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Section B (30 marks)
Answer all three questions in the spaces provided.

The last question is in the form of an either/or and only one of the alternatives should

B7

be attempted.

Acids have many uses in industries. One example is sulfuric acid which is
commonly used as industrial cleaners and for the manufacture of other
chemicals. Sulfuric acid is a strong acid that is produced on a large scale, with
an annual world production of 230 million tonnes. One method to manufacture
sulfuric acid is known as the Wet Sulfuric Acid Process, as shown in the
following steps:

step1  Hydrogen sulfide, H2S, is burned in oxygen to produce sulfur dioxide
and water.

step2 The sulfur dioxide produced then reacts with more oxygen to form
sulfur trioxide.

2S0; + 02 = 2803 AH = —-198 kJ / mol
step 3  Sulfur trioxide is then dissolved in water to produce sulfuric acid.

SO; + H20 > H2S04 AH = —191 kJ / mol

Besides industrial uses, acids are also commonly found in food and beverages.
Orange juice contains citric acid which contributes a sour taste. The amount of
citric acid present in orange juice determines the sourness of the juice. The
concentration of citric acid, HzA, can be determined by titration with an alkali.
The chemical equation for the reaction between citric acid and sodium
hydroxide is as shown.

HsA (aq) + 3NaOH (agq) = NasA (aq) + 3H20 (/)

(@ (i) Write a balanced chemical equation for the reaction in step 1. [2]

(ii) Draw a ‘dot and cross’ diagram to show the bonding in H2S.
Show only the valence electrons. [2]

11
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(b) (i) Explain, in terms of oxidation states, whether step 2 is a redox
reaction. [2]

(i) On Fig 7.1, draw an energy profile diagram of the reaction in
step 2. Your diagram should show and label
» the reactants and products,
e the activation energy and enthalpy change of reaction. [3]

A
energy

v

progress of reaction
Fig. 7.1

(c) A sample of bottled orange juice was tested in a laboratory to determine
the concentration of citric acid present. 10 cm?® sample of orange juice
was diluted to 100 cm?® with distilled water. 25.0 cm® of the diluted
solution required 30.50 cm?® of 0.0100 mol/dm?® sodium hydroxide for
complete reaction.

(i) Calculate the number of moles of citric acid present in the 10 cm?®
sample of orange juice. [2]

12
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(ii)  Hence calculate the concentration of citric acid present in the
orange juice. [1]

[Total: 12]

B8 (a) Suggest the reagents and steps required to prepare a pure sample of
magnesium chloride. [4]

(b) (i) Write a balanced chemical equation for the reaction you have
chosen in (a). [2]

(i)  Draw a ‘dot-and-cross’ diagram of magnesium chloride.

Show only the valence electrons. [2]
[Total: 8]
13
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EITHER

B9 (a) Carbon nanotubes were first discovered in 1952 by two Russian
scientists. It is an allotrope of carbon with a diameter that is about one-

thousandth of the thickness of a human hair.

The structure of the different carbon allotropes are shown in Fig 9.1.

allotropes of carbon

diamond graphite carbon nanotube
Fig. 9.1

(i) Explain, in terms of structure and bonding, why carbon nanotubes
can withstand high temperatures up to 750 °C. [2]

(ii)  Carbon nanotubes are also good electrical conductors. Explain
this property in terms of its bonding. [2]

14
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(b)  Many materials that we use in daily life contain carbon. Plastic bags are
very large molecules made from smaller hydrocarbon molecules.

Hydrocarbon molecules contain only carbon and hydrogen atoms.
One such hydrocarbon, X, contains 85.7% by mass of carbon atoms.

The relative molecular mass of X is 28.

(i) Calculate the empirical formula of X. [3]

(ii)  Hence determine the molecular formula of X. [11

(ili)  Based on your answer in (b)(ii), explain why X exists as a gas at
room temperature and pressure. [2]

[Total: 10]

15
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OR

B9

(@)

An element Y burns in oxygen to form a compound, Y203, which has a
relative molecular mass of 160.

(i)

(ii)

(iif)

Determine the identity of element Y. [2]

Explain, in terms of structure and bonding, if element Y can
conduct electricity. [2]

State if the compound Y20z has a low or high melting point.
Explain your answer. [2]

16
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(b)  Many organic molecules contain oxygen. One example is compound Z
which has the following composition by mass:

C,40.0%:; H, 6.7%; O, 53.3%.

The relative molecular mass of Z is 180.

(i) Calculate the empirical formula of Z. [3]
(ii)  Hence determine the molecular formula of Z. 11
[Total: 10]
-----—-- End of paper -----—--
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A1

Section A
Complete Table 1.1 to show the electronic configuration of three particles, X, Y
and Z.
Table 1.1
particle number of number of electrom_c :
protons electrons configuration |
X 5 5 2,3 |
b i 3 2 2
z 9 10 2,8
[Total: 3]
Many students did not take into account that Y and Z are both ions and gave
“3" for number of electrons for ¥*, and “10” for number of protons for Z-.

Table 2.1 shows some information about three liquids, ethanol, methanol and

hexane.
Table 2.1
liquid molecular formula | boiling point (°C) | density (g/cm?)
ethanol C2HsO 78 0.79
methanol CHsO i 65 0.79
hexane CoH1s 69 0.66

(a) Name an apparatus that can be used to measure accurately 25.0 cm? of
each liquid.

("

Pipette (Accept: burette; because precision is better than pipette)

(b) A liquid mixture of methanol and hexane is separated using the

apparatus shown in Fig. 2.2.

hexane

methanol
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(i) Name the apparatus in Fig. 2.2. [1]
Separating funnel

(ii)  Write the names of the liquids in the correct boxes. 1]
Both correct [1]

(iii)  Explain your answer in (ii). 1]

Hexane with lower density will float on top of methanol with
the higher density.

Accept vice versa

Many students only mentionad that one liquid has a higher (or
lower) density and did not explain its effect (sink or float or
WTTE).

()  Another liquid mixture of ethanol and hexane is separated by fractional
distillation as shown in Fig. 2.3.

i—— thermometer
A TR
[ RS condenser
g
i Py

it — distillate
boiling chips i » ; }
; | Ml
M ethanal
\ and
/ n \ hexane
Fig. 2.3

(i) Name the liquid that remains in the flask at the end of the process.

Ethanol [1]

(ii)  State the purpose of the boiling chips. 11
For smooth boiling

A few students confused this with the purpose of a condenser.

3
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(iii)

v)

On Fig. 2.4, sketch a graph of how the temperature changes from
room temperature until both liquids have distilled over into the
conical flask.

Label the boiling points of both liquids in your graph. [2]

F 3
temperature/ °C

25
(room temp)

v

time / min
Fig. 2.4

[1] correct “shape” of heating curve
Many students did not draw the part of the granh shown in red
(but not penzlisec

[1] correct labelling of b.p. of both liquids
A handful of students started the graph at the “origin” without
labelling that it is room temperature

Describe the arrangement and movement of the particles at the
part labelled A in Fig. 2.3. [2]

Part labelied A - gas / vapour
[1} arrangement: far apart AND random/irregular/disorderly

[1] movement: random AND fast/rapid
[Total: 10]

4
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A3

Fig. 3.1 shows a set-up used to investigate the rate of diffusion of two gases,
methylamine, CHaNH., and hydrogen chloride , HC/. Methylamine has similar
properties to ammonia.

When the two gases meet in the tube, a reaction takes place and a white
solid, methylammonium chloride, CH3NH3C/, is produced.

- T ’ ! ) / - - s = .
cotton wool soaked in \?% X ér;/ cotton wool soaked in
concentrated £ : o el concentrated
methylamine solution \\ hydrochloric acid

damp universal ~al

(if)

(iii)

(iv)

indicator paper

Fig. 3.1

Wirite a balanced chemical equation, with state symboils, for the
reaction that occurred in the tube. [1]

CH:3NH:z (g) + HCI(g) -» CH:aNH3C/ (s)

[1] for correct state symbaols, only if chemical formula are
correct

Many students did not read the cuestion carefully and gave (aq)

P

for the state symbols of CHsNH; and HC!

State the colour of the Universal indicator papers at the end of the
reaction. (2]

colour of Universal indicator paper 1 blue
Rejec :_‘-‘a.t, ourple (methylamine is a weak base — similar
properties to amn wonia)

colour of Universal indicator paper 2 orange / red
Rejact: yellow (hydrochloric acid is a strong acid)

indicate on Fig 3.1 with an ‘X’ where the white solid would be
formed inside the tube. [1]
Accept anywhere on the right side, AFTER the middle

Explain your answer in (iii). [3]
[1] correct Mr of CHsNH2 AND Mr of HCI

[1] Mr of CHiNH:2 is smaller than Mr of HCI

[1] CH3NH:2 will diffuse faster than HCI

Accept vice-versa explanation for 2" and 3™ marking point
A number of students compared the Mr without giving the values.

[Total: 7]
5
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A4

(@)

(b)

Nitrogen is the most abundant gas in the air. It is an inert gas and can
be used to store reactive metals such as sodium. There are two stable
isotopes of nitrogen, "“N and '*N.

(i) Define the term isotopes. [1]

Atoms (of the same element) with same number of protons
but different number of neutrons.

(i)  Draw a ‘dot-and-cross’ diagram to show the bonding in a molecule
of nitrogen. (2]

[1] correct number of electrons for each N atom
Accept if only valence electrons shown

[1] 3 pairs of electrons shared

Many students drew 4 pairs of eieclrons shared between 2 N
atoms.
For those who drew the correct bonding, many did not show the

valence elecirons not involved

20Naing as a pan
(iii)  Use your diagram in (ii) to explain why nitrogen is an inert gas.

A lot of energy is required to overcome the strong triple
bonds between the N atoms.
(1]

Nitrogen is an important element required for good plant growth. Hence
it is a major component for many fertilisers, usually in the form of
ammonium nitrate, NHsNO3, and urea, CO(NH2)2.

(i) A manufacturer claims that fertiliser containing urea is a better
choice as it contains more nitrogen than ammonium nitrate.
Calculate the percentage by mass of nitrogen in each compound
and state whether the claim is true.

Show, by calculations, whether this claim is true. [2]

Mr of CO(NHz); = 12 + 16 + 2(14 + 2) = 60
Mr of NH:NO: = 14 + 4(1) + 14 + 3(16) = 80

[1] Percentage by mass of N in CO(NH2)z = [2(14) / 60] x 100 = 46.7 %
[1] Percentage by mass of N in NH:NO: = [2(14) / 80] x 100 = 35.0%

A small number of students did not read the question carefully and did
not calculate percentage by mass.

Many students gave working with no statements to show what the
calculations were for.
6
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(i)

Urea is manufactured by the reaction as shown.
2NH3 + COz > CO(NHz2): + H20

Calculate the mass of urea produced when 50 g of ammonia is
reacted with 30 dm? of carbon dioxide. [3]

no. of moles of ammonia = 50/ 17 = 2.941 mol

no. of moles of carbon dioxide = 30/ 24 = 1.25 mol

CO: is the limiting reagent

[1] show both mole calculations

[1] No. of moles of urea = no. of moles of carbon dioxide
Mr of urea = 60

[1]Mass of urea =1.25x680=750¢g

o Data iz l}i\f&. for both reacianis — NHz and CO
¢ Many students did not use both sets of date letermine the
} m reag =nt.
\ significant nt of students incorrectly calculated the Mr
nonia a (T4 +3
e Working with no elear staiements wheat the calculations were
for.
(c) Table 4.1 shows two oxides of nitrogen.
Table 4.1
_— chemical type of oxide
formula neutral acidic basic amphoteric
nitrogen NO v
monoxide
nitrogen 7
dioxide | %
(i) Write the chemical formula of the two oxides of nitrogen in
Table 4.1. [1]
[1] Both correct
(ii)  Identify the type of oxide by ticking (v') the appropriate boxes in

in Table 4.1 [2]

[Total: 12]

7
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A5  Chlorine and bromine are halogens found in Group VII of the Periodic Table.
They show a trend in their physical and chemical properties..

(a)

(b)

Complete Table 4.1 to show the properties of chlorine and bromine. [2]

Table 5.1
; \
physical state at room |
halogen temperature and pressure Bolour ,
chlorine gas greenish-yellow |
bromine liquid red-brown
Only a handful of students were able (¢ cuirectly siat= (he physical state

and colour of the halogens.

When chlorine is added to an aqueous solution of potassium bromide, a
reaction occurs.

U]

(ii)

(i)

State the observations for this reaction. [1]

Colourless solution turns red-brown

Explain the reaction that has occurred. [2]
[1] Chlorine is more reactive than bromine

[1] chlorine displaces bromine from bromide solution

that the displacement reaction
sride (which is correct) but did not

. of bromine which explains the observation of
RU*IOa turni ng re sel-brown.

Write a balanced ionic equation, with state symbols, for the
reaction. [2]

Ck (aq) + 2Br (aq) = 2CrF (aq) + Br2())
[1] correct formulae

[1] correct state symbols
A: (g) for Cl2, (aq) for Br

Some students gave chemical equations instead of ionic
equations.

Many gave incorrect formula for chlorine and bromine, and forgot
the charges for the chloride and bromide ions.

8
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(c)

Chlorine reacts with bromine to form bromine chloride as shown by the
chemical equation.

Cl + Br. > 2BrCl

The table shows the bond energies.

CI-Ci Br—Br Br-Cl!

bond energy in kd/mol 244 193 204

(i) Use the data in the table to calculate the
¢ energy for bond breaking 1

energy for bond breaking = 244 + 193 = 437 kJ / mol

* energy for bond making (1

energy for bond making = 2 x 204 = 408 kJ / mol

(i)  Hence calculate the enthalpy change of the reaction. [1]
AH = 437 - 408 = + 29 kJ / mol

Missing units, and positive sign for enthalpy change of reaction.

1 mark overali deducted

[Total: 10]
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Fig. 6.1 is a flowchart that shows a series of chemical reactions carried out on

K

add excess water and filter

green solid M

- add dilute sulfuric acid

A6  Kis a mixture of compounds L and M.
K.
L
colourless solution
add aqueous add sodium
sodium hydroxide, A/ foil
hydroxide in ~~.and warm
excess 3
P Q

white precipitate, gas which turns

insoluble in moist red litmus

excess paper blue

(a) Identify L, M, P, Q, R and S.

L calcium nitrate / Ca(NOs)2

M copper(ll) carbonate / CuCO3

P calcium hydroxide / Ca(OH)2

Q ammonia / NH (g)

R copper(ll) suifate / CuSO4

S carbon dioxide / CO2 (g)

(b)

[1] correct chemical formula
[1] balanced

blue solution R gas S
| add aqueous | bubble gas
ammoaonia in into
excess limewater
' . '
blue precipitate white !
which dissolves precipitate
in excess, giving _ formed !
a dark blue o
solution

Fig 6.1

10
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Section B
Answer all three questions in the spaces provided.

The last question is in the form of an either/or and only one of the alternatives should

B6

be attempted.

Acids have many uses in industries. One example is sulfuric acid which is
commonly used as industrial cleaners and for the manufacture of other
chemicals. Sulfuric acid is a strong acid that is produced on a large scale, with
an annual world production of 230 million tonnes. One method to manufacture
sulfuric acid is known as the Wet Sulfuric Acid Process, as shown in the
following steps:

step 1 Hydrogen sulfide, H2S, is burned in oxygen to produce sulfur dioxide
and water.

step2  The sulfur dioxide produced then reacts with more oxygen to form
sulfur trioxide.

280; + 02 & 2S80s; AH = —198 kdJ / mol
step3  Sulfur trioxide is then dissolved in water to produce sulfuric acid.

SO; + H:O0 = HS804 AH = —-191 kJ / mol

Besides industrial uses, acids are also commonly found in food and beverages.
Orange juice contains citric acid which contributes a sour taste. The amount of
citric acid present in orange juice determines the sourness of the juice. The
concentration of citric acid, HsA, can be determined by titration with an alkali.
The chemical equation for the reaction between citric acid and sodium
hydroxide is as shown.

HsA (aq) + 3NaOH (aq) = NasA(aq) + 3H:0 (/)

(a) (i) Write a balanced chemical equation for the reactioninstep 1. [2]

2H2S + 30; 2> 2802 + 2H:0
[1] correct formula
[1] baianced — many forgot to balance the equation

(ii)  Draw a ‘dot and cross’ diagram to show the bonding in HzS.
Show only the valence electrons. [2]

[1] correct number of valence electrons for each atom
[1] correct pairs of shared electrons

A significant number of students thought this was an ionic
compound.
2 |
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(b)

(i)

(i)

Explain, in terms of oxidation siates, whether step 2 is a redox
reaction. [2]

[1] S in SO; oxidised as o.s increased from +4 to +6 in SO
[1] O in Oz reduced as o.s. decreased from 0 to -2 in SO¥H:0

Redox because there is oxidation and reduction in the same
reaction.

Some students omitted to link the nerease in 0.8, to axidation
and vice-versa.
Many incorrectly determined the O 5 staxygen in SO; to be 6.

On Fig 6.1, draw an energy profile diagram o' the reaction in
step 2. Your diagram should skow and labe!

» the reactants and produets

* the activation energy and entnaipy chanpe of reaction.  [3)

SR r
P

i
L SRR ;- S

Fig. 6.1

[1] correct energy level for reactants and products (with labels)
[1] correct arrow direction for Es and label
[1] correct arrow direction for AH and label

12
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B7

(c) A sample of bottled orange juice was tested in a laboratory to determine
the concentration of citric acid present. 10 cm® sample of orange juice
was diluted to 100 cm?® with distilled water. 25.0 cm® of the diluted
solution required 30.50 cm?® of 0.0100 mol/dm® sodium hydroxide for
complete reaction.

(i) Calculate the number of moles of citric acid present in the 10 cm?®
sample of orange juice. [2]

No. of moles of NaOH = (30.50/1000) x 0.0100 = 3.05 x 10"* mol
No. of moles of citric acid in 25.0 cm?® of diluted soiution
=3.05x10% = 1.017 x 10* mol

3

(100 cm?® of diluted sample was made from 10 cm® sample of orange juice)

No. of moles of citric acid present in sample = 1.017 x 104 x (100 / 25.0)
= 4,07 x 104 mol

Of the students who attempted this question. many forgot to account for the
dilution of the 10 cm?® sample and that only 25.0 cm” of the diluted solution was
titrated.

(i) Hence calculate the concentration of citric acid present in the
orange juice. [1]

concentration of citric acid in juice = 4.067 x 10 x (1000 / 10)
= 0.0407 mol / dm?3

[Total: 12]

(a) Suggest the reagents and steps required to prepare a pure sample of
magnesium chloride. [4]

1] correct reagents (any of the following):
- Mg metal + hydrochloric acid
- magnesium carbonate + hydrochloric acid
- magnesium oxide + hydrochloric acid

[1] excess of solid

[1] correct separation technique:
- filter and retain filtrate

[1] correct purification technique:
- heat filtrate to obtain saturated solution, leave to cool
- filter crystals, wash with small amount of cold water
- leave to dry or dry between sheets of filter paper

13
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(b)

(i)

(i)

Write a balanced chemical equation for the reaction you have
chosen in (a). [2]

[1] correct formula

[1] balanced

Draw a ‘dot-and-cross’ diagram of magnesium chloride.

Show only the valence electrons. [2]
[1] correct number of electrons for each ion

[1] correct charge for cation and anion AND shows 2 anions
Accept ‘2’ written in front of 1 anion diagram

Quite a few students thought magnesium chioride is & covalent

compound

[Total: 8]
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EITHER

B8

(a)

Carbon nanotubes were first discovered in 1952 by two Russian
scientists. It is an allotrope of carbon with a diameter that is about one-
thousandth of the thickness of a human hair.

The structure of the different carbon allotropes are shown in Fig 8.1.

allotropes of carbon

diamond graphite

carbon nanotube

(i)

(ii)

Fig. 8.1
Explain, in terms of structure and bonding, why carbon nanotubes
can withstand high temperatures up to 750 °C. [2]
[1] giant covalent lattice structure

[1] A lot of energy required to overcome the strong covalent
bonds in the three-dimensional lattice

t to state the structure or gave the “shape”
i of structure.

Carbon nanotubes are also good electrical conductors. Explain
this property in terms of its bonding. [2]

[1] each C atom is bonded to 3 other C atoms

[1] 1 valence electron not used for bonding, can move freely
/ mobile to conduct electricity

Many students did not indicate that it is the valence electron that
is delocalised.

15
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(b)

Many materials that we use in daily life contain carbon. Plastic bags are
very large molecules made from smaller hydrocarbon molecules.

Hydrocarbon molecules contain only carbon and hydrogen atoms.
One such hydrocarbon, X, contains 85.7% by mass of carbon atoms.

The relative molecular mass of X is 28.

(i) Calculate the empirical formula of X. [3]
C H
% mass 85.7 100-85.7=14.3
no. of moles 7.14 14.3
mole ratio 1 2

[1] Empirical formula is CH:
[1] correct calculation of % mass of H

[1] correct calculation of moies

(i) Hence determine the molecular formula of X. [1]
n(12+2)=28
n=2
[1] Molecular formula is CzHa.

(iiiy Based on your answer in (ii), explain why X exists as a gas at
room temperature and pressure. [2]
[1] Simple covalent molecule

[1] Little energy required to overcome the weak
intermolecular forces of attraction between C;Hs molecules.

[Total: 10]
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OR

B8

(@)

An element Y burmns in oxygen to form a compound, Y203, which has a
relative molecular mass of 160.

(i)

(i)

(iif)

Determine the identity of element Y. [2]
2(Ar of Y) + 3(16) = 160

[11Arof Y = 56

[1]1Yisiron.

Explain, in terms of structure and bonding, if element Y can
conduct electricity. [2]
[1] metallic lattice structure

[1] metal cations in ‘sea of electrons’ which can move freely/
mobile to conduct electricity

State if the compound Y20; has a low or high melting point.
Explain your answer. [2]
High melting point

[1] a lot of energy required to overcome strong

[1] electrostatic forces of attraction / ionic bonds between
ions

17
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(b)

Many organic molecules contain oxygen. One example is compound Z

which has the following composition by mass:
C, 40.0%; H, 6.7%; O, 53.3%.

The relative molecular mass of Z is 180.

(i) Calculate the empirical formula of Z. [3]
C H 0
% mass 40.0 6.7 533
no. of moles 3.33 8.7 3.33
mole ratio 1 2 1
[1] Empirical formula is CH:0
[1] correct calculation of moles
[1] correct calculation of mole ratio
(ii)  Hence determine the molecular formula of Y. (1
n(12 + 2 + 16) =180
n=6
[1] Molecular formula of Y is CsH1206
[Total: 10]

«e- End of paper --------
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