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Section A

Answer all questions in this section in the spaces provided.
The total mark for this section is 50.

Al Use the list of substances to answer the questions.

You may use each substance once, more than once or not at all.

iodine
ozone
dichloroethane
magnesium
potassium manganate(VII)
copper(ll) sulfate
calcium chloride

diamond

(@) Which substance is a good reducing agent?

...................................................................................................... [1]
(b) Which substance can be formed under ultraviolet radiation conditions?
...................................................................................................... [1]
(c) Which substance exists as three different colours when the physical state is
changed?
...................................................................................................... [1]
(d) Which two substances can react to undergo a redox reaction?
...................................................................................................... [1]
(e) Which substances are elements?
...................................................................................................... [1]

[Total: 5]
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A2 Lithium is a metal with low melting point and low density. It can react with cold water to

A3

form lithium hydroxide and hydrogen gas.
(a) Write a chemical equation for the reaction of lithium with cold water.

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

(b) Given that 0.2 g of lithium metal was used in the reaction with an excess of cold
water, determine the volume of hydrogen gas produced.

[2]
(c) Describe how you can determine that the reaction has reached completion.

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

[Total: 4]

Hydrochloric acid reacts with methanol to form chloromethane and water in the equation
as shown.

HCl(aq) + CHsOH(aq) — CHsCl(g) + H20(l)

(a) Briefly describe a practical method by which the concentration of hydrochloric acid
can be determined in a sample.
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(b) Fig. 3.1 shows how the concentration of hydrochloric acid changes as the reaction

proceeds.
1.80 S;‘A'
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\
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mol/dm? N
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time in hours
Fig. 3.1
(i) Deduce the concentration of hydrochloric acid 4 hours from the start of the
experiment.
concentration = ...................... mol/dm?®  [1]
(i)  With reference to the graph in Fig. 3.1, explain clearly whether hydrochloric
acid or methanol is the limiting reactant.
.............................................................................................. [2]
(iif) Explain why point A in Fig. 3.1 has the fastest rate of reaction.
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(iv) Enrig thinks that the average rate of the reaction can be determined by the
formula as shown:

[rate at point A + rate at point B + rate at point C + rate at point D J
4

Do you agree with Enrig? Explain your answer.

.............................................................................................. 2]

(c) The rate of formation of chloromethane and water can be changed by altering some
conditions.

(i) Draw on Fig. 3.1, the curve that you would expect if the experiment was
repeated with hydrochloric acid at a higher temperature.

[1]
(ii) Use ideas about collisions between patrticles to describe and explain how the

rate of a reaction changes when the concentration of hydrochloric acid is
increased.

.............................................................................................. 2]

(iif) Use kinetic particle theory to explain why increasing the pressure of the
reaction chamber has little or no effect on the rate of reaction.

.............................................................................................. 2]

[Total: 14]
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A4 Hydrogen is an important source of fuel as it burns cleanly and has a high energy content
per unit mass. Hydrogen can be produced from the steam-methane reforming reaction
shown in Step 1.

Step 1: CH4(g) + H20(g) = CO(g) + 3H2(g) AH = +206 kJ/mol

The carbon monoxide produced can undergo water-gas shift reaction to produce more
hydrogen shown in Step 2.

(@)

(b)

(c)

Step 2: CO(g) + HO(g) = COu(g) + Ha(g)  AH =—41.0 kd/mol

Based on Step 1 and Step 2, write the overall equation for the production of
hydrogen gas. Include the overall enthalpy change.

...................................................................................................... 2]

Give two reasons why it is better to produce hydrogen using both steps of the
reaction in (a) than using Step 1 alone. Explain your answer clearly.

...................................................................................................... [4]

Another method of hydrogen production is through the electrolysis of pure water as
shown.

2H,0(l) — O2(g) + 2H2(g)  AH = +484 kJ/mol
However, this electrolytic process takes place very slowly. Explain why the reaction
takes place very slowly and suggest a modification to make the reaction proceed

faster.

EXPIANATION L. e

...................................................................................................... 2]

[Total: 8]
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A5 The diagram shows two organic molecules, A and B which can undergo polymerisation.

H3C\C _F H,N—CH—COOH
i .

H” H OH
A B

(a) State the type(s) of polymerisation that both molecules can undergo.
MOIECUIE A . e

MOIECUIE B ... [2]

(b) Draw the structure of two repeating units when molecule A undergoes
polymerisation.

[1]

(c) Suggest why polymers made from molecule B show a wider range of properties
than polymers made from molecule A.

...................................................................................................... 2]

[Total: 5]

A6 Ethanol can be manufactured by the hydration of steam with ethene and the fermentation
of glucose solution. Table 6.1 shows a comparison of both methods producing ethanol.

Table 6.1
method fermentation hydration
raw material glucose ethene
reaction CeH12,06 — 2C,Hs0OH + 2CO» CoH4 + HO = CoHsOH
operating pressure 1 atm 60 to 70 atm
type of process batch (stop-start) continuous (runs all the time)

(a) State the source of the raw materials used for both methods.
source of glucose

SOUICE Of BTtNENE ...e [1]



(b)

(c)
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With reference to Table 6.1, suggest one reason why hydration is preferred over
fermentation to produce ethanol.

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

Table 6.2 shows the amount of ethanol formed when one mole of ethene reacts with
one mole of steam under different conditions.

Table 6.2
temperature / °C pressure / atm amount of ethanol / mol
250 50 0.420
300 50 0.400
300 60 0.460
300 70 0.550
350 50 0.380

0)

(ii)

(iii)

(iv)

Describe the effect of temperature changes on the amount of ethanol formed.

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

High pressures of up to 200 atm were not used in the reaction as an unwanted
product may be formed.

Name this unwanted product.

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

Given that 40 g of ethene was used, calculate the actual number of moles of
ethanol formed and the percentage yield for the reaction conditions occurring
at 300 °C and 70 atm.

[2]



(d)

Peihao claims that the hydration of ethene with steam is an exothermic reaction.

9

Do you agree with him? Use the bond energies in Table 6.3 to justify your answer.

Table 6.3
bond bond energy, in kJ/mol bond bond energy, in kJ/mol
H-H 436 c-0 358
O-H 463 C-H 412
c=C 612 c-C 348

[3]

(e) Draw the energy profile diagram for the reaction in (d). Label on the diagram the
activation energy and the enthalpy change.

energy

(f)

A

v

Draw a structural isomer of ethanol.

progress of reaction

[3]

[1]

[Total: 14]
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Section B
Answer all three questions in this section.

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

B7 Properties of Transition Metals
Transition metals have similar properties like main group (Group | and Il) metals. In
addition, transition metals exhibit variable oxidation states, form coloured compounds and
their compounds can be used as catalysts.

Variable Oxidation States

As d-block elements in Period 3, transition metals can hold up to 18 electrons in the third
electron shell. Beyond argon (2,8,8), the electronic configuration of Period 4 elements
require the knowledge of the orbital theory. Specifically, Period 4 elements’ electronic
configuration would be represented by d-orbitals (3d) and s-orbitals (4s).

4s orbitals are lower in energy than 3d orbitals, hence electrons occupy the 4s orbitals
before the 3d orbitals. The s-orbitals can hold a maximum of two electrons while the
d-orbitals can hold a maximum of ten electrons.

An illustration of the electronic configuration of scandium is shown below.

number of electrons in the orbital

!

[Ar]4s23dt:

bl

electron shells
Electronic configuration of argon (2,8,8) is simplified as [Ar], where [Ar] represent 18 electrons.

The electronic configuration of some elements in Period 4 are shown in Table 7.1.

Table 7.1

proton number element electronic configuration
19 potassium [Ar]4st
20 calcium [Ar]4s?
21 scandium [Ar]4s23d?!
22 titanium [Ar]4s?3d?
23 vanadium [Ar]4s23d3
24 chromium
25 manganese [Ar]4s23d°®
26 iron
27 cobalt
30 zinc [Ar]4s23d*°

Transition metals can have variable oxidation states due to the loss of electrons in the 4s
and 3d orbitals. For example, titanium can have variable oxidation states of +1, +2, +3
and +4 from the loss of electrons from the 4s and 3d orbitals.
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Coloured Compounds

Transition metals form coloured compounds. This is due to several reasons. First, the five
d-orbitals split into two different energy levels when a compound is formed as shown in

Fig. 7.1.

energy [l
e excitation of electron to a
ot higher energy d-orbital due
et to absorption of energy from
4 certain wavelength
. .

d-orbitals splitting in a

five degenerate d-orbitals
transition metal compound

in a transition element

Fig. 7.1

Second, the electron in the lower energy d-orbitals absorbs a certain wavelength of light
within the visible region of the electromagnetic spectrum and is excited (moved) to a
higher energy level of the empty or partially filled d-orbital as shown in Fig. 7.1.

Third, the colour observed by our eyes is the complement of the colour absorbed.
Fig. 7.2 shows the wavelengths absorbed by the different compounds of iron and copper
and the colour observed.

360 nm! 720 nm

425 nm
420 nm 630 nm
~ violet red
N e 615 0M wavelength | wavelength
~N solutions absorbed observed
dark blue > _orange (colour) (colour)
450 nm ] N >90nm e na | B15nm | 470mm
blue™” N Jellow (orange) (blue)
"""""" ~N . —_—— e e —
470 nm* ron(M) | 495 nm 583 nm
blue-green| - green N compound | (yark blue) | (yellow)
490 nm 580 nin
583 nm
520 nm
Fig. 7.2

One example illustrated in Fig. 7.2 would be that some solutions of copper(ll) compound
absorbed wavelengths at around 615 nm (orange colour) and the wavelengths observed
are at around 470 nm (blue colour), which is observed by us as blue solutions.
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Catalytic properties

Transition metals and their compounds are good catalysts as they provide a binding site
for the reactants to react. This helps to increase the rate of reaction.

The catalysed conversion of sulfur dioxide to sulfur trioxide using vanadium(V) oxide in
the two-step reaction is shown.

(@)

(b)

(c)

Step 1: V205 + SOz — V204 + SO3
Step 2: 2V,04 + Oz — 2V20s

With reference to Table 7.1, write the electronic configuration of iron and cobalt.

electronic configuration of Fe ... ...

electronic configuration Of CO ........oiiiii i [2]

(i)

(i)

(i)

(iii)

State all the possible oxidation states that vanadium can have.

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

Is it possible for manganese to have an oxidation state of +8? Explain your
answer.

A sample solution Z absorbs a wavelength of around 680 nm.

With reference to Fig. 7.2, state the colour of wavelength absorbed by
solution Z.

Nickel(ll) chloride solutions absorb a wavelength of around 395 nm.

With reference to Fig. 7.2, state the colour of wavelength observed from a
solution of nickel(ll) chloride.

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

With reference to Fig. 7.1 and Fig. 7.2, explain why nickel is able to form
coloured compounds when reacted with chlorine.



(d)

(e)
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Zinc is a Period 3 transition metal with the electronic configuration [Ar]4s23d2°.
However, solutions of zinc compounds are colourless.

With reference to the data given, explain why solutions of zinc compounds appear
colourless.

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

(i) Explain how the conversion of sulfur dioxide to sulfur trioxide shows that
vanadium(V) oxide acts a catalyst.

(i) Briefly explain how a catalyst increases the rate of reaction.

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

[Total: 12]
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B8 Fig. 8.1 shows the carbon dioxide concentration in the atmosphere in the Northern
Hemisphere between 1965 and 2014.

(a)

carbon dioxide concentration/ parts per million

(i)

(ii)

(iii)

400

390

380 ]
370 ]
360 ]
350 ;
340 ]
330 ]
320 3

310
[ I R BN SN BN BN MM B B %

1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

year
Fig. 8.1
Describe the general trend observed in Fig. 8.1.

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

Explain the changes in the carbon dioxide concentration over the 50-year
period observed in (a)(i).

.............................................................................................. 2]

The concentration of carbon dioxide varies within the year, where the lowest
concentration of carbon dioxide was observed during summer times in June,
and the highest concentration of carbon dioxide observed during winter times
in December.

Describe and explain the trend observed within each year.
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(b) (i) Explain why it is important to regulate the concentration of carbon dioxide in
the atmosphere.

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

(i) State one effect brought about by the high concentrations of carbon dioxide.

.............................................................................................. [1]
[Total: 8]
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EITHER

B9 Wayne sets up a simple electric cell experiment shown in Fig. 9.1.

O,

zinc iron
h! 4
aqueous -——- 1 J-=-1+)--
silver nitrate | - - ——————— —
\=- - - - - === = y,

Fig. 9.1

(&) Use your knowledge of energy conversion to explain why the simple electric cell in
Fig. 9.1 is also known as a potable battery.

...................................................................................................... [1]
(b) Write ionic equations for reaction at each electrode.

POSILIVE ElECIIOUE ...\ et

Negative eleCtrode ...........ouiii [2]
(c) A small amount of grey deposit was observed at the bottom of the beaker.

Explain this phenomenon observed.

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

(d) Skyler thinks that replacing the same number of moles of zinc metal with
magnesium metal will increase only the rate but not yield of the product.

Do you agree? Explain your answer.



(e)

(f)

17

Other than the small amount of grey deposit obtained, Wayne claims that his
experiment setup is the best way to coat silver onto the iron object.

Suggest one reason this method of coating is not cost-effective.

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

Draw another experiment setup that can efficiently coat the iron object with silver.

[2]
[Total: 10]
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B9 Table 9.1 shows the melting points of some compounds formed with Period 3 elements.

Table 9.1
melting melting melting
compound point / °C compound point / °C compound point / °C
sodium 990 | sodium oxide | 1130 sodium 808
fluoride chloride
magnesium magnesium magnesium
fluoride 1260 oxide 2850 chloride 715
alumlr_num 1290 alum_lnlum 2070 alumlnlum 190
fluoride oxide chloride
silicon silicon silicon
tetrafluoride —90 dioxide 1710 tetrachloride —68

(@)

Jie Xi thinks that the type of anion affects the melting point of the metallic
compounds formed.

Do you agree with her? Use the information in Table 9.1 to describe any trends
observed and the attractive forces between particles to explain your answer.

...................................................................................................... 3]

(i) Theoretically, a more reactive metal forms stronger ionic bonds in its

compounds. Explain why this statement is true.

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

(if) Isthe theory in (b)(i) applicable to the compounds listed in Table 9.1? Use the

information in Table 9.1 to support your answer.
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(c) (i) Draw a ‘dot-and-cross’ diagram for silicon tetrachloride.

Show outer electrons only.

[2]

(i)  With reference to the structure and bonding, explain the difference in the
melting points of silicon dioxide and silicon tetrachloride.

.............................................................................................. 3]

[Total: 10]
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