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Section A [70 marks]
Answer all questions.

1 Fig. 1.1 shows part of the Periodic Table.

Li C |IN |O
Al

Ca Fe Cu|Zn

Fig. 1.1

Select elements from Fig. 1.1 to answer the following questions. You may use each
element once, more than once or not at all.

Write down the symbol for an element which:

(a) forms a stable ion by losing three electrons,

............................................................................................................... [1]
(b) exists as diatomic molecules,
............................................................................................................... [1]
(c) forms an ion which gives a red-brown precipitate on addition of aqueous ammonia,
............................................................................................................... [1]
(d) has chemical properties similar to those of magnesium,
............................................................................................................... [1]
(e) has a giant covalent structure,
............................................................................................................... [1]
(f) reacts with sodium to form an ionic compound with Mr less than 70.
............................................................................................................... [1]

[Total: 6]



A laboratory technician mixes red, blue and yellow dyes to make black dye for a paper
chromatography experiment. A common solvent used to separate the dyes in black ink is
a mixture of ethanol and water. The coloured dyes have different R, values in solvents

with different composition of ethanol as shown in Fig. 2.1.
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Fig. 2.1

(a) Predict the colours of the separated spots observed when the solvent used consists
of 40% ethanol in the mixture.

.............................................................................................................. [1]
(b) State the R;value of the yellow dye on the chromatogram when the solvent is a

mixture of 64 cm? of ethanol and 136 cm? of water.

.............................................................................................................. [1]
(c) Explain why a pure solvent of water or ethanol is not suitable for the separation of

the black ink using paper chromatography.

.............................................................................................................. [2]



(d)

(e)

A student carried out chromatography on the black ink using a mixture of ethanol
and water as solvent. Only one spot was observed on the resulting chromatogram.

What is the percentage of ethanol in the solvent mixture used? Explain why only
one spot is observed.

Draw and label on the chromatography paper below the chromatogram obtained

when a mixture containing 90% ethanol is used.

[1]
[Total: 7]



Until recently, arsenic poisoning, either deliberate or accidental, has been a frequent
cause of death. The symptoms of arsenic poisoning are identical to those of a common
illness, cholera. A reliable test was needed to prove the presence of arsenic in a body.

In 1840, Marsh devised a reliable test for arsenic as shown in Fig 3.1.

. ] H2 and arsine
pieces of zinc and burning

arsenic compound ™

Fig 3.1

Hydrogen is formed in this reaction.

“|L— hydrochloric acid

e

=~

cold surface

black stain
shows presence
of arsenic

(@) Any arsenic compound reacts with this hydrogen will form arsine which is arsenic

hydride, a covalent compound.

The mixture of hydrogen and arsine is burnt at the jet and arsenic forms as a black

stain on the glass.

(i) Write an equation for the reaction which forms hydrogen.

(i)  Arsenic (As) is located in Group 15.
Suggest the formula of arsine.



(b)

(iii)

(i)

(iif)

Draw a ‘dot and cross’ diagram to show the bonding in the compound arsine.

Show the outer shell electrons only.

(2]

Table 3.1 shows the composition of another hydride of arsenic.

Table 3.1
arsenic hydrogen
97.4% 2.6%

Determine the empirical formula of this hydride from the data above.

empirical formula: ........................ [2]

The mass of one mole of this hydride is 154 g.

What is its molecular formula?

molecular formula: ........................ [1]

Draw the full structural formula of this hydride from (b)(ii).

(1]
[Total: 8]



4 This question is about halogens and their compounds.

(a)

(b)

(c)

Explain in terms of electron transfer why halogens behave chemically as non-
metals.

.............................................................................................................. 11
Complete Table 4.1 to show the results of experiments where aqueous halogens
are added to the solutions of aqueous halides.
Use the following legend:
v'areaction occurs
% no reaction occurs
Table 4.1
Atz (aq) Br2 (aq) Cl (aq)
At~ (aq)
Br~(aq)
Cl~(aq)
(2]
Two students commented on the use of potassium iodide.
Student 1: “Potassium iodide can be very useful because when it is oxidised, a
colour change is produced.”
Student 2: “Aqueous potassium iodide can be used to test for the presence of an
oxidising agent.”
(i) Describe the colour change when potassium iodide is oxidised.
................................................................................................... 1

(ii)  Explain why the reaction between aqueous potassium iodide and oxidising agents
is a redox reaction.



(d) Concentrated aqueous hydrochloric acid releases fumes of hydrogen chloride gas.

A long glass tube is set up as shown in Fig. 4.1.

L = I
/ \

cotton wool soaked in concentrated damp blue litmus
hydrochloric acid paper

Fig. 4.1

Use the kinetic particle model to explain why the blue litmus paper turns red after a short
while.

.............................................................................................................. [3]
[Total: 9]

5 Ozone does not come directly from factories and vehicles. Ozone is formed when heat and
sunlight cause chemical reactions between oxides of nitrogen (NOX) and Volatile Organic
Compounds (VOC). This reaction can occur both near the ground and high in the atmosphere.

(@) (i) Predict the effect of each factor on the ozone level by completing Table 5.1.

Table 5.1

Factor Ozone levels

(Increase or Decrease)

Smaller population density

More electrical cars

Sunny skies

[1]

(ii) Ozone levels in a city are usually at their peak in mid-afternoon. Suggest two
reasons for this.



(b) In Singapore, a small fraction of our electricity is generated by burning petroleum. Most
power stations have switched to the use of natural gas.

(i) Name one air pollutant produced by burning petroleum in a power station.

(ii) How can power stations reduce the amount of this pollutant from (b)(i) that is
released into the atmosphere?

...................................................................................................... [1]
[Total: 5]

A group of students were investigating the effects of ‘acid rain’. They decided to look at the
effect of acid on metals used as building materials. Lead and copper are used as materials for
roofing and iron and aluminum can be used for window frames.
They learnt that the order of the reactivity of the metals as:

aluminium > iron > lead > copper
The students went on to test on the metals by adding dilute sulfuric acid to pieces of each metal

to simulate the effects of ‘acid rain’ on the metals. It is found that only the iron seemed to give
a reaction.

(@) Explain why the students deduce that aluminium did not react with the acid, even when
aluminum is known to be more reactive than iron.

(b) As the reaction is carried out with sulfuric acid, there were no reactions for both lead and
copper. It did not prove that lead was more reactive than copper.

(i) Explain why the copper show no reactions with sulfuric acid.

(ii) Describe an experiment the students can carry out to show that lead is more reactive
than copper.



(c) Iron, when exposed to environmental factors can undergo rusting. Hence, sacrificial
protection can be used to prevent rusting. State an example of sacrificial protection and
explain how it prevents rusting.

.............................................................................................................. [2]
[Total: 8]

Lead(II) carbonate reacts with dilute nitric acid as shown by the equation below:
PbCO;(s) + 2HNO;(ag) > CO,g) + Pb(NO;)(aq) + H,O(!)

Two experiments are carried out using lumps or powder of lead(Il) carbonate of the same
mass, with other conditions kept the same.

The results are shown in Fig. 7.1.

volume of
gas/ cm?3

experiment A _
. experiment B

» time/ min

Fig. 7.1

(@) With reference to the graph, which experiment, A or B, was carried out using lumps of
lead(II) carbonate?

Explain your answer in terms of collisions between patrticles.



(b)

(c)

Experiment A is repeated using the same mass of calcium carbonate in place of lead(II)
carbonate. All other conditions are kept constant.

Will the total volume of gas produced be more, less, or the same, as compared to
Experiment A?

Explain your answer.

Experiment A is repeated using excess sulfuric acid in place of nitric acid. All other
conditions are kept constant.

(i) Sketch in Fig. 7.1 the result you would expect to obtain. 11

(ii)  Explain the shape of your graph.

................................................................................................. [2]
[Total: 7]
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8 This question is about the electrolysis of aqueous copper(II) nitrate.
Some students investigated the electrolysis of copper(Il) nitrate solution using inert electrodes.

Fig. 8.1 shows the apparatus.

dc power ?nn;amsi[?er g?ectric
suppl
PRy current

positive electrode ]
negative electrode

beaker copper(Il) nitrate

solution

Fig. 8.1

The students investigated how the mass of copper produced at the negative electrode varies
with time and current.

This is the method used.

. Weigh the negative electrode.

. Set up the apparatus shown.

. Adjust the power supply until the ammeter shows a current of 0.3A.
. Switch off the power supply after 5 minutes.

. Rinse the negative electrode with water and allow to dry.

. Reweigh the negative electrode.

. Repeat steps 1 to 6 for different times.

NO O WN =

Repeat steps 1 to 7 at different currents.

(a) Write the ionic equation for the reaction at the negative electrode.

.............................................................................................................. [1]
(b) Some of the copper produced did not stick to the negative electrode but fell to the
bottom of the beaker.
Suggest how the students could find the total mass of the copper produced.
.............................................................................................................. [3]



(c) The student plotted their results on a graph.
Figure 8.2 shows the graph.
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Fig. 8.2

ik

A student concludes that the total mass of copper produced is directly proportional
to the time taken and the current.

Do you agree? Justify your answer using the information given.

(d) Describe and explain what happens to the copper(Il) nitrate solution during
electrolysis.

13



(e) Calculate the number of atoms of copper produced when copper(II) nitrate solution
is electrolysed for 20 minutes at a current of 0.6A.

number of Cu atoms: .................... [2]
[Total: 10]

14



Gas Chromatography

Gas chromatography is a commonly used separation technique in many environmental and
forensic laboratories for quality control as well as identification and quantitation of compounds
in a miscible mixture. Gas chromatography allows for the separation and detection of
compounds even in very small quantities. A broad variety of samples can be analysed as long
as the compounds are sufficiently stable to heat and reasonably volatile.

injection port

direction
of carrier / glass tube

gas flow
;

\
,L chromatogram

\\ produced
electronic

detector

oven
carrier gas
Fig 9.1

Fig. 9.1 shows a schematic diagram of the gas chromatography machine. The gas
chromatography machine consists of a thin glass tube placed inside an oven, where the
temperature can be adjusted. A carrier gas, such as helium, is allowed to flow through the glass
tube.

Next, a small sample of a mixture is injected into the glass tube and heated at a fixed
temperature. The substance (in the mixture) with lower boiling point evaporates more easily and
moves through the glass tube due to the flow of the carrier gas. The mixture separates into its
constituent substances as it passes through the glass tube.

The time taken by each substance to reach the end of the glass tube is known as the retention
time. Different substances have different retention times as they move through the glass tube
at different rates.

A signal is recorded by the electronic detector when each substance reaches the end of the
glass tube.

(a) Helium is often used as a carrier gas in gas chromatography because it will not react with
the mixture of substances analysed.

Explain why helium will not react with other substances.



(b)

(c)

Gas chromatography is often compared to fractional distillation due to their similarities.
State two similarities between gas chromatography and fractional distillation.

SN Y T Lo e

A mixture of mesitylene and toluene is separated using gas chromatography. The boiling
point of each compound is provided in the table below.

compound boiling point/ °C
mesitylene 165
toluene 111

Fig 9.2 shows the chromatogram obtained.

height of detector signal

N
6 1+ signal B
4 : signal A
, |
: 4
Fig 9.2 re"cention time/ min

(i) Identify the compound that produced each signal.

signal compound
A
B

(1]

16



(ii) The ratio of the heights of the signals gives the ratio of the amounts of the
compounds present in the mixture.

Use the chromatogram above to find the percentage of each compound present.

Show your working in the space below.

[2]

17



(d) The flow rate of the carrier gas can affect the retention times of the substances separated
by gas chromatography.

Three identical mixtures of benzene and hexane are separated using gas chromatography
with different flow rates of the carrier gas. The type of carrier gas used, and the
temperature of the oven are kept constant for the three separations.

Fig. 9.3 shows the chromatograms obtained for the different flow rate of carrier gas.

height of detector signal 4 flow rate= 20 cm/ min
benzene
10 +
h
6 4+ exane
0
| | -
| I >
5 10 retention time/ min
height of detector signal A flow rate= 30 cm/ min
benzene
10 4+
6 1 hexane
0
| 1 -
| | >
5 10 retention time/ min
height of detector signal A flow rate= 35 cm/ min
benzene
10 +
hexane
6 1 X
0
1 1 -
| I >
5 10 retention time/ min
Fig. 9.3

18



(i) Use the information provided in Fig 9.3, describe how the flow rate of the
carrier gas affects the retention time of the compounds.

....................................................................................................... [2]
(ii) Another identical mixture of benzene and hexane is separated with gas
chromatography. The type of carrier gas and temperature used are kept
constant, but the flow rate of the carrier gas is increased to higher than 35
cm/min.
Only one signal is obtained in the chromatogram shown in Fig. 9.4.
height of detector signal 4
16 T
0 i > retention time/ min
5
Fig. 9.4
Suggest why only one signal is obtained.
....................................................................................................... [1]

[Total: 10]
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Section B [10 marks]

Answer one question from this section.

10  Vinegar, also known as ‘sour wine’, is a type of carboxylic acid industrially made by the

oxidation of an aqueous solution of ethanol in air and catalysed by bacteria which
provide enzymes that speed up the oxidation process.

(@) Give the chemical name and draw the full structural formula of vinegar.

chemical name

full structural formula

(1]

(b) Apple cider vinegar is industrially made from oxidation of ethanol obtained from
apple juice.

Briefly describe the process of how ethanol is obtained from apple juice. Include
a balanced equation in your answer, stating the conditions required clearly.

20



The extent to which a particular type of gasoline will burn smoothly in an
engine is indicated by the octane rating. Brands of petrol are typically
available with octane ratings in the range of 83 to 98.

Table 10.1 lists the octane ratings of three organic compounds which can
be used as fuels.

Table 10.1
compound octane rating
H H H H H
H (‘: c| <|: l (‘: H 62
O R e
H H H H H
|
H—C—H
H H H
| | o2
T
H H H H
H
H—C—H
L]
H—(|3—C—C|)—H 116
H H
H—G—A
H

(i) Explain why the above compounds are classified as isomers.

21



(ii)

(iii)

Suggest a relationship between the structure of the compound and the
octane rating.

Heptane, an alkane with 7 carbon atoms, is a particularly bad fuel and
has been assigned an octane rating of zero. It can be cracked into smaller
molecules under high temperatures and a catalyst.

A large volume of heptane was subjected to cracking and the main
product was methane. The other only product gas B, which has a relative
molecular mass of 28, was also isolated in the product mixture and was
found to be unsaturated.

Write a balanced equation to show the cracking process. Describe a
chemical test that can be used to distinguish between methane and gas

........................................................................................ 13]
[Total: 10]
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11 The structure of compound A is shown in Fig. 11.1.

H H
|

C=—=C

COOH OH
Fig. 11.1

Compound A can undergo two types of polymerisation.

(@) State the type of polymerisation and draw a section (showing two repeat
units) of the polymer produced by each type of polymerisation.

first type of

POlymerisation: .........coiiiii i

second type of

POlYMEriSation: ........oiii e

23
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(b) The structure of compound B, a diester, is shown in Fig. 11.2.

H7Cs00C—CH(OH)~CH—COOCsH;
Fig. 11.2

B was made from malic acid and two molecules of an alcohol with three carbon
atoms.

A student tried to describe the full structural formula of malic acid.
« Malic acid is a carboxylic acid because it contains the carboxyl group.
* Malic acid is also an alcohol as it contains the hydroxyl group.

Using the information above, draw out the full structural formula of malic acid.

(2]

(c) Succinic acid is a colourless organic acid.
The structure of this acid is shown in Fig. 11.3.

H H
O\\ ‘ | //O
Je—¢—6—c
H—0O H H O—H
Fig. 11.3

In a titration carried out, succinic acid is neutralised by aqueous sodium
hydroxide.

The chemical equation for the reaction is as shown below.
C2H4(COOH), + 2NaOH — C;H4(COONa); + 2H,0

Calculate the minimum volume of 0.0200 mol/dm?® sodium hydroxide required to
neutralize 25.0 cm? of 0.0500 mol/dm? succinic acid.

volume of sodium hydroxide: .............ccocvvvviiennnnn. cm®  [2]

24



(d) There are several types of nylon. One type of nylon is nylon-6,6.
Fig. 11.4 shows the repeating unit of nylon-6,6.

N—(CH;)s— N— C—(CH;);—C

| |
0 O
Fig. 11.4
(i) During the manufacturing process, the chain length of the nylon is
controlled so that the nylon polymer molecules have an average relative
molecular mass in the range of 12000 to 20000.
What is the range of the average number of repeating units in the nylon-

6,6 molecules? Show your working.
[Mr of the repeating unit: 226]

(2]

(ii) Nylon-5,10 is made by reacting the two monomers shown in Fig. 11.5.

0 o)
| I
H,N— (CH,)s— NH, HO —C— (CH,)s— C — OH
Fig. 11.5

Give one similarity and one difference between the structures of the
repeating units of nylon-6,6 and nylon-5-10.

....................................................................................... 2]
[Total: 10]
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