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A1

Section A
Answer all questions.
Use the list of elements to answer the questions.
zinc argon fluorine
hydrogen sodium silicon
Each element may be used once, more than once or not at all.

(@) Name the element that forms an amphoteric oxide.

(b) Name the element that can form ions with more than one oxidation state.

() Name the element that can form a neutral oxide.

(d) Name the element that is unreactive.

(e) Name the element that is a good oxidising agent.

(f) Name the element that forms an oxide with a giant covalent structure.

copper

carbon

[Total: 6]



A2

(a)

Fig. 2.1 and Fig. 2.2 show some properties of Group 17 elements, the halogens.

Fig. 2.1 shows the atomic radii and Fig. 2.2 shows the electronegativity of the Group 17
elements.

Electronegativity is a measure of the tendency of an atom to attract a bonding pair of
electrons. It is usually measured on the Pauling scale, on which the most electronegative
element (fluorine) is given an electronegativity of 4.0.

atomic radii electronegativity
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fluorine * chlorine  bromine  iodine fluorine ~ chlorine ~ bromine ~ iodine
Fig. 2.1 Fig. 2.2

Use Fig. 2.1 to describe and explain the trend in atomic radii for halogens down the
group.

Use Fig. 2.1 and Fig. 2.2 to state and explain the relationship between atomic radii
and electronegativity of the halogens.

Predict and explain the electronegativity value of astatine, the next member of
Group 17 element.



(b)

Table 2.1 shows the melting points and boiling points of Group 1 elements, together with the

atomic radii.

Table 2.1
element melting point/ °C | boiling point/ °C | atomic radii / pm
lithium 180 1330 145
sodium 98 890 180
Group 1
potassium 64 774 220
rubidium 39 688 235

(i) State the trend observed in the melting and boiling points of Group 1 elements.

(ii)  Explain, in terms of bonding, the trend observed in (b)(i).

[Total: 6]



A3 Table 3.1 shows some properties of oxyacids of chlorine.

Table 3.1
reaction with magnesium N
. : : oxidation state
name of acid chemical formula (all acids have the same .
: of chlorine
concentration)
hypoch_lorous HCIO only a few bubbles seen
acid

chlorous acid HCIO: reacts readily

chloric acid HCIO; vigorous
perchloric acid HCIO4 very vigorous

(@) Suggest why these acids are known as oxyacids.

(b) Complete Table 3.1 by filling in the oxidation states of chlorine. 2]
(c) State the relationship between the oxidation state of chlorine and the strength of the acids.

Explain your reasoning using the information in Table 3.1.

(d) Identify the acid with the lowest electrical conductivity.

Explain your answer.

[Total: 6]



A4 (a) Ammonia is produced by nitrogen gas and hydrogen gas during the Haber process.

(i)

(ii)

Since nitrogen is the most abundant gas in air, explain why air is not used as a raw
material during the Haber process.

Concentrated aqueous ammonia is used to make fertilisers such as ammonium
sulfate, (NH4).SOs. Aqueous ammonia reacts with dilute sulfuric acid to form
ammonium sulfate, (NH4)2SOsa.

2NHs(aq) + H2SO04(agq) > (NH4)2S04(aq)
A student titrates 20.0 cm?® of aqueous ammonia with 0.150 mol/dm?® sulfuric acid.

10.50 cm?® of sulfuric acid is required to neutralise the aqueous ammonia.
Calculate the concentration, in mol/dm? , of the aqgueous ammonia.

[2]



(b) Table 4.1 shows some fertilisers that are necessary for healthy plant growth. Some of the
elements needed by plants are nitrogen, potassium and phosphate.

Table 4.1
type of fertiliser chemicals commonly used
potassium-based fertilisers potassium chloride KC!
) - ammonium nitrate NH4NO3
nitrogen-based fertilisers
urea CO(NH2)2
. calcium dihydrogen phosphate Ca(H2POs)2
phosphate fertilisers :
calcium sulfate CaS0q

Calculate the percentage by mass of nitrogen in ammonium nitrate and urea to determine
which fertiliser would give more nitrogen per kg.

[2]
(c) A chemical company makes salts for use in fertilisers.

To make calcium sulfate, the company started with limestone, which is calcium carbonate.
Briefly describe how pure calcium sulfate can be made from calcium carbonate.

[Total: 7]



A5 A mixture of grey powder and white crystals undergoes a series of reactions as shown in Fig. 5.1.

mixture of white crystal
and grey powder

excess water and

filtered
aqueous white precipitate F

i i . ammonia luble in ex
residue of solid A colourless filtrate E |-2mmonia | soluble in excess
to form colourless

o solution
heated in air warm with sodium
black solid B hydroxide solution
sulfuric acid alkaline gas
A
) D produced
yellow solution C
aqueous sodium
hydroxide
red brown
precipitate
Fig. 5.1

(a) Identify substances A, B, C and D.

A

B o

C o

Do, [4]
(b) There are two cations present in filtrate E. Give the formulae of the two cations present in

filtrate E.

....................................................................................................................... 1
(c) Write the ionic equation for the formation of precipitate F.

....................................................................................................................... 1

(d) To test for the anion present in filtrate E, a student added acidified silver nitrate solution to a
sample of E. No visible change was observed. What can be concluded from this statement?

[Total: 7]



A6

Many metal carbonates thermally decompose to form carbon dioxide and metal oxide.
Four 2.00 g samples of carbonates are heated strongly until there is no further change in their
masses.

Table 6.1 shows the mass of solid remaining at the end of the heating.

(a)

(b)

(c)

Table 6.1
metal carbonate mass before heating / g mass after heating / g
calcium carbonate 2.00 1.12
copper(II) carbonate 2.00 1.29
magnesium carbonate 2.00 0.95
zinc carbonate 2.00 1.35

Calculate the percentage yield of carbon dioxide formed when 2.00 g of zinc carbonate
is heated.

[3]
Explain why the mass of carbon dioxide formed is different for each metal carbonate.

In two separate experiments, hydrogen was passed over heated aluminium oxide and heated
copper(II) oxide.

Describe the observation, if any, you would expect to see in each experiment. Explain your
reasoning.

[Total: 6]
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A7 A student electrolysed aqueous copper(Il) sulfate using the set-ups shown in Fig. 7.1. The
electrodes used in each apparatus are made of the same material. However, the electrodes used
in experiment 1 and 2 are made of different materials

- power supply - power supply

electrode A1 electrode A2 electrode B1 electrode B2

' copper(Il) sulfate copper(Il) sulfate

solution solution
experiment 1 experiment 2
Fig. 7.1
He recorded the observations in Table 7.1.
Table 7.1
experiment 1 experiment 2
mass of electrode A1 has increased mass of electrode B1 has increased
mass of electrode A2 remains the same mass of electrode B2 has decreased
effervescence observed at electrode A2 no effervescence observed at electrode B2
(a) State which electrode is the cathode in each experiment.
experiment1:.............. experiment2 : .............. [1]

(b) Explain, with an appropriate equation, the increase in mass at electrodes A1 and B1.

(c) Write the half-equations of the reactions taking place at electrode A2.



1

(d) Universal Indicator is added to the solution after the electrolysis in experiment 1.
Predict the pH and colour of the Universal Indicator in experiment 1.
colour of Universal Indicator in experiment 1 .................coooiiine .
pH of electrolyte in experiment 1 ...l

Explain your reasoning.

[Total: 7]
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A8 Fig. 8.1 shows the apparatus used to investigate the relative reactivity of metals, A, B, C and D.
The metal strips and copper were first cleaned with sandpaper. The metal strips were connected
in turn with the copper strip and the voltage was recorded.

voltmeter metal strip .
/ filter paper
N\ ¥ soaked in sodium

/ . .
chloride solution

\
/ copper strip
\v

Fig. 8.1
Table 8.1 shows the results.
Table 8.1
metal strip direction of electron flow voltage / V
A from copper to metal A 0.78
B from metal B to copper 2.22
C from metal C to copper 1.39
D from metal D to copper 0.28

(@) Use the results in Table 8.1 to deduce the order of reactivity of these four metals and copper.

.......................................... most reactive

.......................................... least reactive [2]

(b) Given that metal C is an element in Group 2 of the Periodic Table and does not react readily
with water, describe two observations you would expect to see if metal C were added to
copper(Il) sulfate solution.

OIS VAt ON T o,
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(c) Predict and explain the voltage reading if the experiment with metal A and copper were
repeated using a piece of filter paper soaked in ethanol instead of sodium chloride solution.

VOIAGE MEAAING = ...

[Total: 5]
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A9

In Singapore’s residential homes, there are two types of supplied gas: piped gas or liquidfied
petroleum gas.

Piped gas comprises hydrogen gas and is delivered straight to your kitchen through built-in pipes
whenever you turn on the gas stove, whereas liquidfied petroleum gas comprises mainly propane
and butane gas, and comes in gas cylinders.

(@) One mole of hydrogen gas gives out 247.5 kJ of energy when combusted.

Write a chemical equation for the combustion of hydrogen gas and its enthalpy change of
reaction in kdJ/mol.

(b) The enthalpy change for the combustion of one mole of propane is — 2025 kJ/mol.
CsHg(g) + 502(g) = 3CO2(g) + 4H20(g) AH =-2025 kJ/mol

(i) Explain, in terms of bond forming and bond breaking, why the combustion of propane
is exothermic.
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(ii) Draw the energy profile diagram for the combustion of propane.

energy

progress of reaction

(c) Suggest one advantage for using each type of gas. “
011 0= To [0 =T
....................................................................................................................... [1]
liquidfied PetroleUmM Gas: ... ..o
....................................................................................................................... [1]

[Total: 8]
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A10 Co-ordinate Bonds

In 1913, the Bohr model was introduced to explain the structure of an atom. Based on the Bohr
model, an atom consists of a small, dense nucleus surrounded by electrons in fixed orbits.

The Bohr model also shows the formation of a simple covalent bond as the sharing of a pair of
valence electrons from two atoms. A co-ordinate bond is a covalent bond in which both electrons
come from the same atom.

An example of a co-ordinate bond can be found in the ammonium cation. Ammonium ion is formed
when ammonia gas reacts with hydrogen chloride. During the reaction the H* ion will attach to
ammonia forming ammonium ion while the electron from hydrogen remains on the chlorine atom
to form a chloride ion.

NH3 + HC/ — NH4CI

The co-ordinate bond is represented by an arrow in the structural formula, pointing from the atom
that contributes the pair of electrons to the other atom. The structural formula of ammonium cation
is as shown in Fig. 10.1.

AN

.

co-ordinate bond

Fig. 10.1
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Ligand Exchange Reactions

Ligands are ions or molecules that bind to a central metal atom to form a complex metal ion.
The ligand shares one of its electron pair with the central metal atom, forming a co-ordinate bond.

In general, the cations involved in qualitative analysis are considered as complex metal ions. For
example, in a beaker containing CuSOs solution, water acts as a ligand, sharing one electron pair
with Cu?* ion, forming a complex ion of copper(Il) with molecular formula [Cu(H20)e]**. The
structural formula of [Cu(H20)e]** is as shown in Fig. 10.2 .

] 2+
H. O
H.O l OH.,
ho / [ \ OHz
H,O
Fig. 10.2

When a small volume of aqueous sodium hydroxide is added to a solution of copper(Il) ions, a
complex, light blue precipitate of Cu(H20)4(OH)2 is formed. The molecular formula of the precipitate
remains the same when excess aqueous sodium hydroxide is added.

When a small volume of aqueous ammonia is added to a solution of copper(Il) ions,
Cu(H20)4(OH). is formed, containing four H>O ligands and two OH- ligands. When aqueous
ammonia is added in excess, four ammonia ligands replaces two OH- ligands and two H;O ligands.

(@) (i) Draw the dot-and-cross diagram of ammonium chloride, showing only the outer shell
electrons.

[2]

(ii)  Given that there is only one co-ordinate bond formed from the reaction between
ammonia and boron trifluoride, draw the structural formula of the product, NH3:BFs.

[1]



(b)

(c)

(i)

(ii)

(iii)

(ii)

(iii)

19

Describe the observations when aqueous ammonia is added to a solution of copper(II)
ions until there are no further changes.

Suggest the molecular formula of the complex ion of copper(Il) after adding excess
agueous ammonia.

Draw the structural formula of the complex ion of copper(ll) after adding excess
agueous ammonia.

[2]

Suggest the molecular formula of the complex ion of iron(II) after adding excess
aqueous ammonia.

With reference to the complex ions of both metals, explain the difference in
observations when excess aqueous ammonia is added to copper(Il) and iron(II)
solutions in separate test tubes.

Green precipitate formed after adding aqueous sodium hydroxide to iron(IT) solution.
After a while, It was observed that the surface of the green precipitate in the test tube
turns red-brown. Explain the observation.

[Total: 12]
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Section B

Answer one question from this section.

Alkenes and alkynes are two homologous series of hydrocarbons. These hydrocarbons are
sometimes obtained from the fractional distillation of crude oil. Table 11.1 shows the structural
formulae of the first four members of alkynes.

(a)

Table 11.1
alkyne structural formula
ethyne H—C=C—H
)
propyne H—-C=C—-C—H
|
H
(i
but-1-yne H-C=C—C—C—H
I
H H
I
pent-1-yne H—C=C—-C—-C—-C—H
o
H H H

Ethyne and propyne are unsaturated hydrocarbons. Both have the same general formula.

(i) Explain what is meant by ‘ethyne and propyne are unsaturated hydrocarbon’.

(ii) Deduce the general formula of alkynes.

(iii)  Draw the full structural formula of the fifth member of the alkyne homologous series.

(1]



(b)

21

The chemical reactivity of alkynes is similar to alkenes.

(i)

(ii)

(iii)

When propyne reacts with chlorine gas, the reaction is similar to reaction with aqueous
bromine, a mixture of organic compounds are formed. One compound is able to
decolourise aqueous bromine while the other does not.

Draw two possible full structural formulae of these organic compounds.

(2]

X is an isomer of pent-1-yne that can form a polymer. Part of this polymer structure is
shown in Fig. 11.1.

(;JHa ?Hz '?HE- (|3H3
—CZ?—C=?—C=?—C=?—
C:Hs CaHs CzHs CaHs
Fig. 11.1

State the type of polymerisation that X can undergo and draw the full structural formula
of this isomer.

One of the organic compounds formed in (b)(i) continues to react with chlorine gas
and formed a mixture of organic molecules when exposed to ultra-violet light.
Draw the full structural formulae of a product formed.
Name the product you have drawn.

name Of Organic COMPOUNG: ... ... .ot e e [2]

[Total: 10]



B12 (a)

(b)
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Fig. 12.1 shows various reactions involving organic compounds, with ethene as the starting
material.

on standing

east, 37 °C in ai i
X Y »  ethanol inair etgi?do'c + | propanol

absence of oxygen Y

heat with a few drops
of conc. HzSOq4

hydrogen gas
w : ethene Y
high temperasure,
nickel complete
combustion

Fig. 12.1
Identify W, X, Y and Z.
W o X
Y Z oo [4]

Fumaric acid is a white crystalline chemical compound which can be extracted from plants.
When solid fumaric acid is dissolved in water, a colourless solution is formed.
Fig. 12.2 shows the structural formula of fumaric acid.

O H H O

H—O0—C—C=C—C—0—H

Fig. 12.2

(i) Describe what you would observe when aqueous fumaric acid is added to bromine
solution and draw the full structural formula of the product formed.
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(i)  Fumaric acid can undergo condensation polymerisation with ethane-1,2-diol to form
polymer M. Fig. 12.3 shows the structural formula of ethane-1,2-diol.

H H
HO—(|3—(|3—OH
Yo

Fig. 12.3

Name the linkage present in M.

(¢) Fumaric acid can also undergo addition polymerisation to form polymer N.
Polymer N is non-biodegradable and can possibly pose problem to our environment during
disposal.

(i) Draw the structure of polymer N, showing two repeating units.

[1]
(ii) Define non-biodegradable.
.............................................................................................................. [1]
(iii) Suggest a possible problem that polymer N can pose to our environment during
disposal.
.............................................................................................................. [1]

[Total: 10]
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