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

A1 Atoms or ions that contain the:
e same number of electrons are isoelectronic particles;
e same number of neutrons are isotonic particles; and
e same number of protons are isoprotic particles.

The nuclide notations of five ions are given below.
My3-  3QW2- 32Y- 31y- 35
15v ’ 15““"2 ’ 17X ' 15Y ' 172_
(@) Which of the five ions are

(i) isoelectronic;

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

(i) isotonic; and
................................................................................................. [1]

(iii) isoprotic?
................................................................................................. [1]

(b) Abeam of charged particles is deflected when they passed through an electric field.

Particles with higher charge and lower mass are deflected more.

—|+j//v negative particles
— neutral particles
—1

positive particles

When passed through an electric field, which of the five ions would be deflected the

(i) most?

(ii) least?

[Total: 5]
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A2 The table below shows the melting points of some aluminium compounds.

aluminium compound | melting point / °C
Al2O3 2072
AlF3 1291
AIC/3 180

(@) With reference to the melting points given, suggest the structure and bonding of
aluminium chloride.

(b) (i) Draw the ‘dot-and-cross’ diagram for aluminium oxide.
Show outer electrons only.

[2]

(ii) Explain why the melting point of aluminium oxide is higher than that of
aluminium fluoride.

[Total: 6]
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A3 Carbon monoxide is used to make phosgene, COCl/,, which is an important reactant in
industries to make polymers, dyes, and pharmaceuticals.

Phosgene was first made in 1812 by using a photochemical reaction in which a mixture
of carbon monoxide and chlorine was exposed to bright sunlight.

CO + Ck = COCh

It has been determined that phosgene melts at —118°C and boils at 8°C.

(a)

(b)

(c)

Explain, using bonding and structure, why phosgene has low melting and boiling
points.

Describe the change in arrangement and movement of the particles of phosgene
when the temperature decreases from —110 °C to —-130 °C.

Draw a ‘dot-and-cross’ diagram for phosgene, COClL.
Show outer shell electrons only.

[2]
[Total: 6]
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A4 Hydrogen peroxide, H20>, is both an oxidising agent and a reducing agent.
Reactions 1 and 2 below illustrate this property of hydrogen peroxide.

Reaction 1
2KI(aq) + H202(aq) + H2SO4(aq) — I2(aq) + KoSO4(aq) + 2H20(!)

Reaction 2
2KMnOs4(aq) + 5H202(aq) + 3H2S04(aq) — K2S04(aq) + 502(g) + 2MnSO4(aq) + 8H20(/)

(@) In which reaction is hydrogen peroxide acting as an oxidising agent?

Explain your answer.

......................................................................................................... [1]
(b) State the oxidation states of manganese in:

KMnOg4: ..o,

MNnSO4: ..o, 1]
(c) Describe two observations from Reaction 2.

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

[Total: 4]



6

A5 The following set-up can be used for the electrolysis of solution Q and dilute magnesium
sulfate solution using graphite electrodes.

dilute magnesium sulfate solution Q

(@) (i) Write the half-equations with state symbols to show the reactions taking place
at electrodes A and B.

BlEC IO A oo
eleCtrode B: ... [2]

(ii) State and explain the change in observation for electrode A when the
electrolyte is changed to aqueous silver sulfate.

(b) In the electrolysis of solution Q, a reddish-brown deposit is observed at electrode
C while a yellowish-green gas is observed at electrode D. The yellowish-green gas
turns moist blue litmus paper red then bleaches it.

(i) Identify solution Q.



(ii) Calculate the volume of gas formed at electrode D if the volume of gas
produced at electrode B is 30 cm?.

[2]
[Total: 7]
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A student places a few drops of aqueous potassium iodide on a white tile and adds a few
drops of chlorine water. The student observes that the solution darkens in colour.

(a) Explain the student’s observation.

(b) Describe how the student could extend this experiment and use his observations
to show that the reactivity of bromine is placed between that of chlorine and iodine.

[Total: 4]
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The Haber process, which converts hydrogen and nitrogen to ammonia, is one of the
most important industrial chemical reactions to be developed. The process made
ammonium-based fertilisers widely available, causing a world population boom as food
production increased rapidly in a short period.

The diagram shows a simplified flowchart of the Haber Process in a reactor.

Hydrogen Gases cooled to
(3 volumes) Catalyst |l liquefy ammonia
A
Nitrogen
(1 volume) Unreacted
gases

(a) State the source of each raw material in the Haber Process.
Y70 [ 0o =T o
V100 =T o [1]
(b) When the mixture of gases is cooled, only ammonia changes into a liquid.

Explain this observation with reference to its boiling point.

(c) Explain why the volume ratio of nitrogen to hydrogen in the reactor is maintained at
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(d) The ammonia produced from the Haber process is used to make fertilisers.

(e)

Ammonium-based fertilisers are often added to soil to provide nitrogen to stimulate
plant growth. However, it is not recommended for ammonium-based fertilisers to
be added to acidic soils that have just been treated with calcium hydroxide.

Explain why this is so.

The Haber process accounts for roughly 1% of the global carbon dioxide emissions.

Describe two ways in which the Haber process contributes to the global carbon
dioxide emissions.

[Total: 8]
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Polymers are widely used in various medical applications due to their properties.

Poly(lactic-co-glycolic acid), PLGA, is a biodegradable polymer that is used as an
adhesive material to dress surgical wounds due to its biocompatibility. PLGA is
synthesized by the polymerisation of two different monomers, lactic acid and glycolic
acid.

The structures of a part of the PLGA and its monomer glycolic acid are shown below.

name

structure

poly(lactic-co-glycolic acid)

O CHj3 C”)

O

CH3 (")

Il I I
-0—CH;—C—0—CH—-C—0—CH;—C —0O—CH—C-

(PLGA)
T
glycolic acid HO—C—C—OH
H

(@) Name the type of linkage in PLGA.

(b) What is the relative molecular mass of the repeating unit of PLGA?

Show your working.

[2]

(c) Draw the full displayed formula of the lactic acid monomer.

[2]
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(d) Draw the full structural formula of the organic molecule formed when glycolic acid
is warmed with excess acidified potassium manganate(VII).

[1]

(e) Poly(propene), PP, is another example of synthetic polymers used in medical

applications. Due to its high chemical and bacterial resistance, PP is commonly
used to make disposable syringes.

PP is formed from the polymerisation of propene.

H C C (|Z H
H
propene

(i) Draw the structure of PP which shows two repeating units.

[1]
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(ii) PP is an addition polymer. PLGA is a condensation polymer.

Describe three differences between the synthesis of polymers by addition
polymerisation and by condensation polymerisation.

[Total: 10]

END OF SECTION A
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SECTION B
Answer all three questions in this section.

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

attempted.

This question is about two methods which can be used to manufacture hydroiodic acid,
HI.

Method 1: Reaction of aqueous iodine with propanone

Aqueous iodine reacts with propanone, CH3COCHs, in the presence of an acid catalyst
to form iodopropanone and hydroiodic acid.

Io(aq) + CHsCOCHs(aq) — CH.ICOCHs(aq) + Hi(aq)

In an experiment using 0.002 mol/dm?® of aqueous iodine, the change in concentration of
propanone was measured as the reaction progressed. The results are shown in Fig. 9.1.

A

concentration
of propanone
/ moldm~2

0 —
time / min
Fig. 9.1

Initial rate of reaction

The initial rate of a reaction is the instantaneous rate at the start of a reaction. It can be
calculated from a concentration-time graph by finding the gradient of the graph att = 0.

Two sets of experiments were conducted to determine how the concentration of aqueous
iodine and propanone affect the initial rate of reaction.
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In experiment 1, different concentrations of propanone were reacted with a fixed
concentration of iodine. Fig. 9.2 shows how the concentration of iodine changes with
time using different concentrations of propanone.

A
0.0020 — concentration of propanone
concentration of _ 0.4 mol/dm3
iodine detected / 0.0015
(mol/dm?®) 5 6910 0.8 mol/dm?
0.0005 — 1.2 mol/dm3

— T T 1T T 1T >
1 2 3 4 5 6 time/min

Fig. 9.2

In experiment 2, different concentrations of iodine were reacted with a fixed
concentration of propanone. Fig. 9.3 shows how the concentration of iodine changes
with time using different concentrations of iodine.

A
0.0040 —Nncentration of iodine
0.0035— 0.0040 mol/dm?3
0.0030
concentration of
0.0025 —

iodine detected /
(mol/dm?)

0.0020 —\
0.0015— 0.0020 mol/dm?
0.0010—

0.0005 —\ 0.0010 mol/dm?

T T T T 1 >
1 2 3 4 5 6 time/ min
Fig. 9.3
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Method 2: Reaction of iodine with hydrazine

The industrial preparation of HI involves the reaction of iodine with hydrazine, NaHa.
Nitrogen gas is produced as the only by-product.

During the reaction, more energy is released during the forming of bonds in the products
than energy absorbed during the breaking of bonds in the reactants.

(a)

(b)

(c)

Name the type of reaction between iodine and propanone as shown in Method 1.

Using information from Fig. 9.1, deduce which reagent, iodine or propanone, is in
excess in this reaction. Explain your answer.

Describe how the initial rate of reaction is affected by the

(i) concentration of propanone. Support your answer using information from
Fig. 9.2.

(i) concentration of iodine. Support your answer using information from Fig. 9.3.



17

(d) The reaction of iodine with hydrazine in Method 2 is a redox reaction.

(i) Write a balanced chemical equation for the reaction of iodine and hydrazine.
State symbols are not required.

(ii) Explain, in terms of oxidation numbers, why the reaction of iodine and
hydrazine is a redox reaction.

(e) Complete the energy profile diagram for the reaction between iodine and hydrazine
in Method 2.

Your diagram should include:
e the names of the products of the reaction,
e labels to show the enthalpy change of reaction and the activation energy.

energy

iodine + hydrazine

progress of reaction
[3]
[Total: 12]



18

B10 Alkenes and alkynes are examples of unsaturated hydrocarbons. Alkenes contain
carbon-carbon double bond (C=C) whereas alkynes contain carbon-carbon triple bond

(C=C). Alkenes can exist as straight chain or branched hydrocarbons.

Table 10.1 shows the boiling points of some straight chain alkenes.

Table 10.1
name molecular formula boiling point/ °C
ethene C2H4 -104
propene CsHs -47
butene C4Hs -6
pentene CsHi1o 30

Table 10.2 shows some properties of branched isomers of butene and pentene.

Table 10.2
number of
carbon atoms structural formula boiling point / °C
in molecule
H H
| |
H—C—C—C
branched | |
alkene 1 4 H H -7
H C—H
|
H
H H H H
| | |
branched
alkene 2 5 H ‘ H 20
H—C— H
H
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Table 10.3 shows some properties of the first four members of the alkyne homologous
series.

Table 10.3
name molecular formula boiling point/ °C
ethyne C2H2 -84
propyne CsHa -23
butyne CsHe 8
pentyne CsHs 40

(@) How is the boiling point of a straight chain alkene affected by branching in
isomerism? Use evidence from Table 10.1 and Table 10.2 to explain your
reasoning.

(b) Alkynes are an example of a homologous series.

Explain how the formulae of alkynes in Table 10.3 show this.

(c) Draw the full structural formula of propyne.

[1]



(d)

(e)

20

State a reagent and describe the observations which could be used to distinguish
an alkyne from an alkane.

[=T= Lo [>T o | PP

observation for alkyne ........ ..o

Branched alkene 1 in Table 10.2 is reacted with steam.

(i) Draw the full structural formulae of the two possible products formed from
this reaction.

[1]
(ii)  Explain why the two products in (e)(i) are isomers of each other.

[Total: 8]
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B11 Phosphorus exists in several forms, such as white phosphorus and phosphorene.

Phosphorene, or thin-layer black phosphorus, was recently discovered by scientists and
held exciting opportunities for its application such as electronic devices and
photodetectors.

(a)

(b)

State the term used to describe the different forms of phosphorus.

Phosphorene is made up of a few layers of phosphorus atoms that are arranged
hexagonally in each layer.

Adjacent layers of atoms are held together by weak forces of attraction.

A section of a monolayer of phosphorene is shown.

Using concepts involving chemical bonding, suggest and explain two physical
properties of phosphorene.
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(c) Phosphorus is a vital plant nutrient and potassium phosphate is a common fertiliser
that provides plants with this essential mineral when added to soil.

Potassium phosphate is a soluble salt that can be prepared by the following steps.
1. Dissolve solid potassium carbonate in water.
2. React aqueous potassium carbonate with phosphoric acid
3K2CO03 + 2H3P04 — 2K3PO4 + 3H20 + 3CO2
3. Crystalise potassium phosphate.

During the manufacturing process, 1.75 kg of impure potassium carbonate is
dissolved in water in step 1.

Given that 180 dm? of carbon dioxide is evolved in step 2, calculate the percentage
purity of potassium carbonate.

[3]

(d) Phosphorus and nitrogen react with hydrogen to form phosphine, PHs, and
ammonia, NHs, respectively.

Explain why phosphorus and nitrogen are chemically similar.

[Total: 10]
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B11 Malachite is an ore of copper, containing a copper carbonate hydroxide mineral,
Cu2C0O3(OH)2.

(a) Starting with a powdered sample of malachite, describe an experimental procedure

that you may conduct to show that malachite contains copper(Il) ions.

(b) Copper can be extracted from malachite by a two-stage process.

(c)

Stage 1: Malachite is heated to decompose it into copper(Il) oxide, carbon dioxide
and water vapour.

Stage 2: Copper(II) oxide is heated with coke to reduce it to form copper.

Write two balanced chemical equations to show the reactions involved in this
extraction process.

A sample of malachite was found to contain 16.5% of other substances apart from
Cu2C0O3(0OH)2.

Calculate the mass of copper that can be extracted from 2 tonnes of this sample of
malachite.

[3]
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(d) Draw a labelled diagram to show how the extracted copper can be purified by
electrolysis.

(2]
[Total: 10]

END OF PAPER
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