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Substance X can occur in three different physical states as shown in the diagram.
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Which statement is correct?

In state 1, the particles vibrate in fixed positions.

Diffusion occurs in the phase change from state 3 to state 2.

The volume of the substance in state 1 is fixed.
Condensation occurs in the phase change from state 1 to state 2.

The rate of diffusion of two gases, methane and propene, is investigated.
Which gas diffuses at a faster rate and why?

Faster gas

Reason

oOomP

propene
propene
methane
methane

It is unsaturated so is more reactive.
Itis lighter so moves faster.
It has a lower molecular mass.
It has a lower boiling point.

oOm>

The table gives the results of chromatography experiments that were cartied out on some
known food colours, using the same solvent.

Name of food colour Distance form start line to

solvent front (mm)

Distance moved by food
colour spot (mm)

Ponceau 4R 80
Carmoisine 74

Fast red 67
Erythrosine 58

42
45
27
17

Which foad colour is the most soluble in the solvent used?

Ponceau 4R
Carmaoisine
Fast red
Erythrosine
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The diagram shows the fractional distillation of crude oil.

L

heated crude oil —p

Which statement about fractions X and Y is correct?

X is more flammable than Y.

X is more viscous than Y.

X burns with a sootier flame than Y.
X has fonger chain molecules than Y.

An unknown salt sample, X, has been sent off for analysis and identification using flame emission
spectroscopy. In this kind of spectroscopy, atoms of an element each give a characteristic pattern
of lines which is known as a line spectrum.

A small sample of X loaded into a flame emission spectroscope and its line spectrum was generated.
The line spectrum of X was compared to the line spectrums of Group 1 elements to see if the metal
ions present in X could be identified. The line spectra are shown below.

Lire spectrim of unknown salt, X

400 wavelongth (nm) 700

Line spectrum of Group 1 elemeants

Sodium

Polassium

Rubidium

a0 wavelength (nm) 060

Which element is not present in X?
Lithium
Sodium
Potassium
Rubidium
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6 A student reacted excess calcium with hydrochloric acid and carried out a series of tests on the
reaction mixture. The resulfs of the tests are given in the table.
Which observation does not tell you that this reaction has occurred?
Test Observation
A | Add dilute nitric acid followed by aqueous silver nitrate White precipitate
B | Weigh the reaction mixture at the start and at the end Mass decreases
C | Test the pH of the mixture at the start and after 30 s pH increases
D | Add aqueous sodium hydroxide until no further change White precipitate insoluble in
excess sodium hydroxide
7 Elements X and Y combine to form an ionic compound.
Atoms of X have more protons than atoms of Y.
Atoms of Y have more valence electrons than atoms of X.
Which statement is correct?
A lons of X are negatively charged.
B Atoms of X have more electron shells than atoms of Y.
c X and Y are in the same period of the Periodic Table.
D X and Y are in the same group of the Periodic Table.
8 Iridium has two isotopes, 1'Ir and *®Ir. The percentage abundance of each isotope in a sample of

oom)»

iridium is given in the table.

Mass number 191 193

Percentage abundance 62.7% 37.3%

What is the relative atomic mass of the sample of iridium?

191.2
191.6
191.7
192.5
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9 A selenide ion has the following notation.
Jase®
Which row correctly describes the sub-atomic particles in the selenide ion?
Protons Neutrons Electrons

A 32 79 34

B 34 45 32

C 34 45 36

D 45 34 36
10 Which element does not form a stable ion with the same electronic configuration as neon?
A Magnesium
B Fluorine
C Sodium
D Sulfur
" Which of the dot-and-cross diagrams shows the correct arrangement of electrons in the valence

shells of lithium sulfide?
k4 e ey 2- +
A
+ 2- " +
8 [
2+ - — 2
c {: j
+ e — 2=
D [

9,
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12 CHa, H20 and HClI are covalent compounds.
Which atoms in these compounds do not use all their outer shell electrons in bonding?
A CandH
B Cand O
c O and Cl
D Cland C
13 An impure sample of calcium carbonate with a mass of 1.70 g was reacted with excess
hydrochloric acid and 360 cm? of carbon dioxide was collected at room temperature and pressure.
What is the percentage purity of the calcium carbonate?
A 75%
B 88%
Cc 90%
D 98%
14 The relative molecular masses of four compounds are given.
A student has a 1.0 g sample of each compound.
Which sample contains the highest number of moles of oxygen atoms?
compound relative molecular mass
A AlO3 102
B CuO 80
c H2804 98
D HNO: 63
15 50.0 cm? of 0.10 mol/dm? silver nitrate, AgNO3, is added to 150.0 cm? of 0.05 mol/dm?® of sodium
iodide, Nal, in a beaker.
After the reaction, solid silver iodide is present in the beaker. What else is present in the mixture?
A Ag*, Na*, NOs™ only
B Na*, 1", NOs only
c Na*, I only
D Na*, NOs™ only
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16 Water is formed when oxygen combines with hydrogen. What mass of oxygen combines with 6 g
of hydrogen?
A 12g
B 48 g
c 96 ¢g
D 144 g
17 Which compound has the lowest percentage by mass of nitrogen?
A (NH2):CO
B (NHs)504
c (NH4)sPO4
D NHsNO3
18 Cobalt(II) chloride is a soluble salt. What reactants could be used to produce coball(T) chloride
and what is a suitable method to produce a pure sample of the salt?
Reactants Method
A | coball(IT) nitrate and hydrochioric acid excess solid + acid
B | cobalt(IT) hydroxide and sodium chioride titration
C | cobalt(Il) suifate and sodium chloride precipitation
D | cobalt(Il} carbonate and hydrochloric acid excess solid + acid
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Ammonium carbonate reacts with calcium hydroxide to produce a colourless, pungent gas. The
set-up for preparation and collection of a moist sample of the gas is shown.

Moist gas

Round-bottom flask —

calcium hydroxide

Which statements about the moist gas are correct? The gas

turns universal indicator blue

is denser than air

is very soluble in water

can be dried by passing it through concentrated sulfuric acid

BN -

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

Which property of elements increases from left to right of Period 3 of the Periodic Table?

number of outer shells
metallic character
tendency to get reduced
melting points

A solution of a lithium halide and a halogen are mixed. A reaction occurs and the mixture darkens
in colour.

What are the reactants?

bromine and lithium chloride
iodine and lithium fluoride
chlorine and lithium iodide
chiorine and lithium fluoride
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Part of the Periodic Table is shown. The letters are not symbois of the elements.

L
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Which statement is correct?

I and L can react with oxygen to form neutral oxides.

E and K react with acids to form coloured salts.

E and M form chlorides that conduct electricity at room temperature.
J reacts with M to form a covalent compound with formula MJ.

The following section of the reactivity series shows a newly discovered element Y.
Ca
Mg
Fe
Y
H
Cu
The carbonate of Y has the formula YCOs.
Which of the equations shows a reaction that would take place?

2Y(s) + Cu(ag) -» 2Y*(ag) + Cu(s)
3¥(s) + Fex0a(s) — 2Fe(s) + 3YO(s)
YOH(aq) + HCl{ag) — YCl{ag) + H20(l}
YO(s) + CO(g) — Y(s) + COqAg)

Solder is an alloy of lead and tin,
Which statement about solder is correct?

it can be represented by the chemical formula, PbSh.

it has a higher melting point than lead and tin.

It consists of positive ions in a sea of delocalised electrons.
It is formed by a chemical reaction between iead and tin.

BP-385
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25 Attaching pieces of magnesium to underground iron pipes can protect the iron from corrosion.
Which reaction protects the iron from cotrosion?

A Fe**(ag) + 2e¢° — Fe(s)
B Fe(s) — Fe*{aq) + 2e
C  Mg¥(ag) + 26 — Mg(s)
D Mg(s) — Mg*(aq) + 2¢

26 A liquid X reacts with solid Y to form a gas.

Which two diagrams show suitable methods for investigating the speed of the reaction?

1and 3
1and 4
2and 3
2and 4

ooOow»
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27 In an experiment, a student reacted excess magnesium with 100 cm? of 1.0 mol/dm? of acids P
and Q in separate conical flasks.
The following observations were recorded.
1. Acid P produces the gas at a faster rate than acid Q.
2. Both reactions produced the same volume of gas at the end of the reaction.
What could acids P and Q be?
Acid P Acid Q
A hydrochloric acid propanoic acid
B sulfuric acid hydrochloric acid
C propanoic acid nitric acid
D sulfuric acid propanoic acid
28 Four electrolytes are listed. Each is electrolysed using inert electrodes.
How many of these electrolytes would produce a colourless gas at both the cathode and anode?
» dilute aqueous copper(ll) chloride
s dilute aqueous iron(II} chloride
¢ concentrated hydrochloric acid
» dilute aqueous sodium hydroxide
A 1 B 2 c 3 D 4
29 Which statement about the efectrolysis of molten magnesium chloride is incorrect?
A Magnesium ions gain electrons at the cathode.
B Chioride ions are reduced at the anode.
C Electrolysis of 47.5 g of molten magnesium chloride produces 12 dm? of chiorine.
D The process is endothermic.

BP~387




30

oow»

12

A student sets up the apparatus shown. The bulb does not light up.

buib

After the student adds substance X to the water, the bulb lights up. What is X?

copper{ll) carbonate
carbon

zinc sulfate

ethanol

BP-~388
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3 Two metals and an electrolyte can be used in a simple cell to produce an electric current.
The table shows the voltage produced when two different metals are used.

voltmeter

metal 1 metal 2
electrolyte
metal 1 metal 2 voltage!/ V
copper zZinc 1.10
copper nickel 0.60
silver zinc 1.56
silver hicke! 1.06
silver iron 1.25

A student made some deduictions based on the information given. Which one is correct?

Nickel is more reactive than iron.

The voltage produced when metal 1 and 2 are copper and iron would be about 0.80V.
In a simple cell with copper and silver as the metals used, silver will be oxidised.

oOom>

32 These statements refer to hydrogen and its use as a fuel. Which statements are correct?

1. Both water and hydrocarbons can be a source of hydrogen.
2. In afuel cell, hydrogen reacts directly with oxygen to generate electricity.
3. The reaction taking place in a hydrogen fuel cell is a redox reaction.

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

oOmw>»

The greater the difference in reactivity between the metals, the smaller the voltage produced.

BP-~389
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The formation of liquid water from hydrogen and oxygen may occur in three stages.

1 2Hz(g) + O2(g) — 4H(g) + 20(g)
2 4H(g) + 20(g) — 2H0(g)
3 2H.0(g) — 2H:0(l)

Which stage(s) is/are endothermic?

1 only

2 only

1 and 3 only
1,2and 3

Which reactions involve oxidation and reduction?

1 chlarine gas reacting with agqueous potassium iodide
2 dilute sulfuric acid reacting with magnesium
3 ditute hydrochloric acid reacting with aqueous sodium hydroxide

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

Propane, CaHs, reacts with chiorine in the presence of ultra-viclet light.
What are the possible products of this reaction?

1 CsH:Cl

2 C3HsCl2
3 HCI

4 Clz

1 and 3 only

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

2,3 and 4 only

BP~390
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36 The diagrams show the structures of five hydrocarbons.

1 i 3
L ! 1]
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H—(’)—H H-—-—(IJ—H
H H
Which three hydrocarbons are isomers of each other?
A 1,2and 3
B 1,2 and 4
c 2,3and4
D 3,4and5
37 Which statements about butanel are correct?
1 Itis prepared by addition of hydrogen to butene.
2 It burns in excess oxygen to form carbon dioxide and steam.
3 it is oxidised by oxygen to form butanoic acid.
4 It is prepared from glucose by fermentation.
A 1 and 2 only
B 2 and 3 only
C 1 and 3 only
D 3 and 4 only
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38 An ester has the formula C:HsCOOC:H7. What are the names of the alcohol and carboxylic acid
used to make this ester?

Alcohol Carboxylic Acid
A ethanol propanoic acid
B propanol ethanoic acid
Cc propanol propanoic acid
D ethanoic acid butanoic acid

39 Polyhydroxybutyric acid is a natural polymer produced by microorganisms as a form of energy
storage. The structure of the polymer is as shown in the diagram.

H,

Q

L)

%_

H

|
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I n
H

Q
I—O—0

Which diagram represents a monomer of polyhydroxybutyric acid?

A B
CH; H © TH3 T cl;
H—mo———cl:——(l:_———ﬂ—ﬂ HMOWT——TWLWO—*H
Lo i
c D
CH; H O ?Ha |C|*
oﬁcl;mi__u Hm—o——t%;-mc—o-—ﬂ
. u

40 A steel factory and a chemical plant are built near a city. The limestone buildings in the city begin
to crumble.
Which gas is most likely to have caused this damage?

carbon dioxide
carbon monoxide
oxygen

sulfur dioxide

oOm>
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Section A

Answer all questions

1 These diagrams show the electron arrangement in the outer shells of five elements, A to E.
All elements are from Period 3 of the Periodic Table.

©@ )
B @
© i ¢ ®
® @
A B

Use the letters A to E to answer the following questions.
You may use each letter once, more than once or not at all.

{a) Which elements are most likely to be non-metals?

...................................................................................................................... [1}
(b) Which elements can act as reducing agents?
...................................................................................................................... [1]
{c) Which element has an atomic number of 167
...................................................................................................................... [1]
(d) Which element will form three covalent bonds when it forms compounds?
...................................................................................................................... 1
(e) Which two elements will form a compound with the formula of the type YZ2?
...................................................................................................................... 1
{f) Which element will form an oxide that reacts with both acids and bases?
...................................................................................................................... 1
[Total: 6]

[Turn over]
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2 Ethylamine, CHsCHzNH;, behaves similarly to ammonia in terms of its chemical properties.
The equation below shows what happens when ethylamine is dissolved in water,

CH3CHsNH; + H.O = CH3CH;NH;* + OH-

(a) According fo the Bransted-Lowry theory, an acid is defined as a species that can donate
protons (H*}), while a base is a species that can accept protons.

Based on the Bronsted-Lowry theory and the given equation, explain whether ethylamine
acts as an acid or a base.

(b} The pH scale is a method to measure the acidity or alkalinity of a substance. Predict the pH
of an aqueous solution of ethylamine.

{d) A student conducted an experiment to measure the electrical conductivity of an aqueous
solution of sadium hydroxide and an aqueous solution of ethylamine.

" Predict and explain which solution will be a better electrical conductor.

..........................................................................................................................

(e} Ethylamine can react with acids to form a salt. For example, ethylamine reacts with
hydrochloric acid according to the equation below:

CH3CHaNHz + HCI - CH3CH:NH3CI

Deduce the formula of the salt formed when ethylamine reacts with sulfuric acid.

[Total: 7]

[Turn over}
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Nitrogen oxides in the upper atmosphere cause damage to the ozone layer. Aircraft engines are
one source of nitrogen oxides.

(a) (i) Explain how nitrogen oxides are formed in the engine of an aircraft.

............................................................................................................... [1]
(i) Give one natural source of nitrogen oxides in the atmosphere.
............................................................................................................... 1
(b) Nitrogen monoxide, NO, damages the ozone layer by reacting with ozone in a two-step
reaction.
NO + 03 —» NOz + O2 step 1
NO; + O3 —» NO + 20; step 2
(i) Use oxidation states to identify which element is oxidised in step 1.
element ...
change in oxidation state ... 2]
(ii) Write the equation for the overall reaction between nitrogen monoxide and ozone.
.............................................................................................................. [1]
(iii) Hence, state the role of NO in the reaction.
............................................................................................................ 1]

(c) Nitrogen oxides are removed from car exhaust emissions with the aid of the platinum catalyst
within catalytic converters.
In a converter, nitrogen monoxide reacts with carbon monoxide.

(i) Briefly explain why carbon monoxide is harmful to humans.

(i) Explain, in terms of colliding particles, how the presence of the platinum catalyst
speeds up the reaction between nitrogen monoxide and carbon monoxide.

[Tum over]
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(ii)) Cars fitted with catalytic converters still give out environmentally harmful gases.
Name one environmentally hamful gas that is emitted in large amounts and
describe the problem it causes.

..................................................................................................................

[Totat: 10]

[Tum over]
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Cobalt can be extracted from one of its ores, linnaeite (a cobalt sulfide compound containing
traces of other metal compounds), through a 3-stage process.

Stage 1:

The ore is roasted to form a mixture of metals and metal oxides. The mixture is then heated
with dilute sulfuric acid. Copper metal and an aqueous mixture of the sulfates of cobalt and
other metals are formed.

Stage 2:

Sodium hypochlorite (NaOC/) is then added to the aqueous mixture leading to the formation
of cobalt(TIT} hydroxide.

2Co0?*(aq) + NaOCl(aq) + 40H(aq) + H20(/) —» 2Co(OH)s(s) + NaClaq)

Stage 3:

Cobalt(II1) hydroxide is decomposed to form cobalt{III) oxide and steam. The cobalt(III) oxide
is further reduced by carbon to form cobalt metal.

(a) (i) Why is copper metal left after treating with sulfuric acid in Stage 17

(ii) Draw a labelled diagram in the box below to show the structure of copper metal.

(1]

(i) A sample of cobalt sulfide contain 58% of cobalt and 42% by mass of sulfur. Determine
the empirical formula of the cobalt sulfide.

empirical formula ........................ 2l
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(b) (i) Explain using oxidation states whether sodium hypochlorite is an oxidising agent or
reducing agent in Stage 2.

....................................................................................................................

(ii) Draw a dot and cross diagram for the hypochlerite ion, C/O~. It has a single bond between
the chlorine atom and oxygen atom.
Show outer electrons only.

[2]

(c) State how cobalt(IlT) hydroxide can be separated from the reaction mixture after Stage 2 is
completed.

[Total: 11]

[Tum over]
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5§ Electroplating is the process of using an electrical current to deposit a thin layer of metal onto
an object. An example of electroplating is gold-plating.

During an experiment to gold-plate a spoon, the apparatus was set up as shown below:

....3!“-4%-?

steel spoon pure gold rod

NaAu{CN):(aq)

Aqueous sodium dicyanoaurate, NaAu(CN)., dissociates in water to form sodium ions, gold ions,
and cyanide ions (CN").

{a) Give the formula of all the ions that are attracted to the cathode, after aqueous NaAu(CN).

dissociates.
.......................................................................................................................... [11
(b) (i) Gold is deposited at the cathode. Write the half-equation for the reaction at the cathode.
...................................................................................................................... 11
(ii) Explain why gold ions are selectively discharged at the cathode.
...................................................................................................................... 11

(c) A student measures the concentration of the NaAu(CN). electrolyte before and after the
gold-plating experiment. Predict and explain the results that the student will obtain.

(d) In a separate experiment, the gold electrode was replaced with graphite. Describe and explain
a difference in observation during this experiment, compared to the experiment using the gold
electrode. Include an equation in your explanation.

You may assume that CN- ions are inert and do not take part in the reaction.

[Total: 8]

[Turn over]



BP-403
9

6  The combustion of ethanol or hydrogen releases energy. This enables them to be used as fuel.
(a) The complete combustion of ethanol is represented by the following equation.

C:2HsOH + 30; = 2C0; + 3H0 AH = —1370 kJ per mole of C;HsOH

(i) Complete the energy profile diagram below for the combustion of ethanol.

Your diagram should include labels for the reaction enthalpy change and activation
energy.

energy / kJ

1

he %
-

progress of reaction 2]

(if)

Explain, in terms of bond breaking and bond making, why this reaction is exothermic.

(b} The complete combustion of hydrogen is represented by the following equation.
2H: + O2 - 2H;0

Use the bond energies given in the table below to calculate the energy released on buming
1 mole of hydrogen.

bond bond energy / kJ mol™
H-H 436
C=0 496
O-H 460

Energyreleased = .............................. [2]

[Turn over]
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(¢) Calculate the energy released when:

() 1 g of hydrogen is burned in excess oxygen.

Energy released = .........co.oeeiiinenn. [1]

(ii) 1 g of ethanol is burned in excess oxygen.

Energy released = .........coooiiniiinne [1]

(d) Hydrogen and ethanol can also be used in fuel cells to power electric cars. The figure below
shows a direct ethanol fuel cell (DEFC).

CaHsOH + Electrical )
H20 Appliance ——r Os (air}
. "
i
dectrolyte electrolyle
co. <~ 1 o [ >wo
negative positive —
electrode electrode
porous
membrane

The half-equation for the DEFC at the negative electrode is:
CoHsOH + 3H0 — 2C02+ 12H" + 12e”

(i) With reference to the diagram, what would be the half-equation at the positive electrode

in a DEFC?

................................................................................................................ [1]
(i) Write the overall equation for the reaction occurring in a DEFC.

....................................................................................................... [Total 1[10 ]]

[Turn over]
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This question is about the chemistry of group 17 elements. Group 17 elements are also known
as halogens or “salt-producers”, based on their ability to form salts with sodium. Table 7.1 below
shows some information regarding the size of the halogen atoms, also known as the atomic
radius.

Table 7.1
element atomic radius / X 100" m
fluorine 42
chlorine 79
bromine 94
iodine 140

Group 17 elements have the ability to gain electrons during chemical reactions. One method of
measuring how readily elements gain electrons is by measuring their standard electrode
potential (£°). E° is measured in volts (V) and the more positive the E® value, the greater the
tendency of a species to gain electrons. E* is represented by half-equations showing the gain
of electrons of the respective species. The £° of some of the halogens are shown in Table 7.2
below.

Table 7.2
element iV
Fs + 2e~— 2F- +2.87
Ch+2e > 2CF +1.36
Br; + 2e— 2Br-
L+ 2e— 21" +0.54

The melting points of some salts formed from group 17 elements are shown in Table 7.3 below.

Table 7.3
salt melting point / °C
sodium fluoride 993
sodium iodide 661
magnesium fluoride 1263

Melting an ionic compound involves overcoming the ionic bonds present between the ions.
One way of measuring the strength of the ionic bonds in ionic compounds is to compare their
Lattice Energy (L.E.). The L.E. of ionic compounds can be determined by the formula:

L.E aq+xq_
T -

where 4" is the charge of the cation
g~ is the charge of the anion
r* is the radius of the cation
r~ is the radius of the anion

a is the mathematical symbol for “proportionate to”

[Tum over]
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Besides reacting with metals to form salts, group 17 elements react with hydrogen to form
hydrogen halides. The bond energies of the hydrogen-halogen bond of some hydrogen halides

are shown below in Table 7.4.

Table 7.4
bond bond energy / kJ mol™
H-F 562
H-CI 431
H-Br 366
H-1 299

The hydrogen halides can dissolve in water to form aqueous acids. The acids produced can
then undergo dissociation according to the general equation:

HX(aq) = H*(aq) + X(aq) where X =F, G/, Br, or I
During the dissociation of the acids, the H-X bond is broken in the process.

The strength of an acid can be quantified by the acid dissociation constant, Ks. The larger the
magnitude of Ka, the stronger the acid. Table 7.5 shows the K, values of some aqueous

acids formed from hydrogen halides:

Table 7.5
aqueous acid K./ mol dm™
HF(aq) 6.6 x 10~
HC!(aq) 1.4 x 108
HBr(aq) 1.0x 108
Hi(aq) 3.2x10°

(a) Describe and explain the trend in atomic radius shown in Table 7.1.

(i) Hence or otherwise, arrange the group 17 elements shown in Table 7.2 based on their
strength as oxidising agents, starting with the strongest oxidising agent first.

(¢) Use suitable information provided in the question to explain the differences in melting points
of the salts shown in Table 7.3.

....................................................................................................................

[Turn over]
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(d) Describe the trend in the strength of the aqueous acids shown in Table 7.5.
Use data from Table 7.4 to suggest an explanation for the trend.

........................................................................................................................

The agueous acids in Table 7.5 can be reacted with magnesium metal to liberate hydrogen
gas. 50 cm® of 0.1 mol/dm? HBr(aq) was reacted with excess magnesium at room temperature
and pressure. The volume of gas evolved over time is plotted in Figure 7.1 below:

volume gas / cm3

0N

o
-

time

Figure 7.1
(e) (i} Calculate the volume of hydrogen produced, x, shown in Figure 7.1.

[2]

(i) Sketch, on Figure 7.1, the graph that would be obtained for the reaction between
50 cm® of 0.1 mol/dm?® HF(aq) and excess magnesium, assuming all other conditions
remain the same. Label your graph as HF. [1]

[Total: 11]

[Turn over]
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8 A company manufactures polymers. It sells one of its polymers under the trade name of “PB-T1".

The table shows some information about PB-1. The term “softening temperature” is used for
materials that have no definite meiting point.

structure molecular mass softening temperature

CH —CH, t 5600 115°C
CH,CH,8

(a) (i) Draw the structural formula of the monomer used to make PB-1.

(i) Name this monomer. g
............................................................................................................... 1]

(i} What type of polymerisation occurs when PB-1 forms from its monomers?
............................................................................................................... (1]

(b) The company sells two types of PB-7.
The polymer in the table is low molecular mass PB-1.

() Calculate the number of monomer units in each molecule of low molecular mass FB-1.

Number of monomer units .................c.eee. 1]

{Tumn over]
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(i} High molecular mass PB-1 has different properties.

Suggest the softening temperature of high molecular mass PB-1.
Explain your answer.

Softening temperature ........................ °C
EXPlANation ........ocoomiiiriiiie e
............................................................................................................... [2]

(if)) Explain why PB-1 has no definite melting point.
................................................................................................................ f1]
[Total: 7]

[Turn over]
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Section B
Answer one question from this section.

The table shows some information about the homologous series of a class of organic compounds
cailed acyl chlorides.

name condensed formula displayed formula
H
/;O
ethanoyl chloride CHsCOC! Hv-(t?--*c\
C
M !
C2HsCOC!
H H H
_ | L L O
butanoyl chloride C3H/COCI H—C—C—C—C__
PR

{a) (i) Fillin the table to show the name and displayed formuia of the acyl chloride that occurs
between ethanoyl chloride and butanoyl chloride in the homolgous series. [1]

(i} Explain how you can tell that these molecules are from the same homologous series.

.............................................................................................................. [2]
(iii) Predict the condensed formula of the acyl chloride that contains 7 carbon atoms.

.............................................................................................................. [11

(b) Ethanoyl chioride reacts with methanol in the following reaction.
CHsCOC! + CH30H — CH:COOCH; + HC/
compound X
(i) Whatis the name of compound X?
1]

(i) When 64 g of methanol was reacted with excess ethanoyl chloride, 140 g of compound
X was obtained. Calculate the percentage yield of compound X.

[2]

[Turn over]
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(iii) Ethanoic acid also reacts with methanol.
Write an equation for the reaction of ethanoic acid and methanol.

(iv) Give one similarity and one difference between the reaction of ethanoyi chloride with
methanol and the reaction of ethanoic acid with methanol.

SIMIAMLY ... et e e e,

..................................................................................................................

[Total: 10]

[Tum over]
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10 Table 10.1 shows the formulae of the first three members of the alcohol homologous series.

Table 10.1
alcohol formula
methanol CH30OH
ethanol C2H;0H
propanol CsH7OH

(a) State the general formula of the alcohol homologous series.

(b) Ethanol can be manufactured from either ethene or glucose.

(i} Write an equation for the preduction of ethancl from ethene and state the conditions
under which the reaction takes place.

(i) The fermentation of glucose can be represented by the following equation.
CsH120s — 2C2HsOH +2C0;

When 3.6 kg of glucose was fermented, 1.5 kg of ethanol was obtained. Calculate the
percentage yield of ethanol.

[3]

(iii) Explain why ethano! made from ethene is a non-renewable fuel but that made from
glucose is a renewable fuel.

[Turn over]
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{c) Propanol reacts in a similar way to ethanol.

(i) Name the organic product of the reaction between propanol and warm, acidified
potassium manganate(VII).

(ii) Draw the structure of the compound formed when the organic product in (c){i) reacts
with ethanol.

[1]
[Total: 10]

[Turn over]
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Section A

Answer all questions

1 These diagrams show the electron arrangement in the outer shells of five elements, A to E.
All elements are from Period 3 of the Periodic Table.

& @ &®
© & G (&)
& G ®

Use the letters A to E to answer the following questions.
You may use each letter once, more than once or not at all.

(a) Which elements are most likely to be non-metals?

[Total: 6]

[Turn over]
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Ethylamine, CHaCH:NH,, behaves similarly to ammonia in terms of its chemical properties.
The equation below shows what happens when ethylamine is dissolved in water.

CH3:CHzNH; + H20 = CH3;CHzNHs* + OH-

(a) According to the Brensted-Lowry theory, an acid is defined as a species that can donate
protons (H*), while a base is a species that can accept protons.

Based on the Bransted-Lowry theory and the given equation, explain whether ethylamine
acts as an acid or a base.

Ethylamine acts as a base as it accepts a proton from water.

..........................................................................................................................

(b} The pH scale is a method to measure the acidity or alkalinity of a substance. Predict the pH
of an agueous solution of ethylamine.

(c) Explain, in terms of structure and bonding, why ethylamine has a low boiling point.
Only a small amount of energy is required to overcome the weak intermolecular forces of

(d) A student conducted an experiment to measure the electrical conductivity of an aqueous
solution of sodium hydroxide and an aqueous solution of ethylamine.

Predict and explain which solution will be a better electrical conductor.

..........................................................................................................................

{e) Ethylamine can react with acids to form a salt. For example, ethylamine reacts with
hydrochloric acid according to the equation below:

CH3CHzNH; + HC! — CH3CH.NH:C/

Deduce the formula of the salt formed when ethylamine reacts with sulfuric acid.
(CHsCH2NH3).504

[Total: 7]

[Turn overj
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Nitrogen oxides in the upper atmosphere cause damage to the ozone layer. Aircraft engines are
one source of nitrogen oxides.

(a) (i) Explain how nitrogen oxides are formed in the engine of an aircraft.

(i) Give one natural source of nitrogen oxides in the atmosphere.

g NG By e 0]
(b) Nitragen monoxide, NO, damages the ozone layer by reacting with ozone in a two-step

reaction.

NO + O3 > NOz + O2 step 1

NO;z + O3 -5 NO + 202 step 2
(i} Use oxidation states to identify which element is oxidised in step 1.

element N{1} ....................................

change in oxidation state .*2 12 *4, ) YU [2)
(i} Write the equation for the overall reaction between nitrogen monoxide and ozone.

205 3 B0l et [1]
(iii) Hence, state the role of NO in the reaction.

Gl S ] e ]

(c) Nitrogen oxides are removed from car exhaust emissions with the aid of the platinum catalyst
within catalytic converters.
In a converter, nitrogen monoxide reacts with carbon monoxide.

(i) Briefly explain why carbon monoxide is hamful to humans.

(i) Explain, in terms of colliding particles, how the presence of the platinum catalyst
speeds up the reaction between nitrogen monoxide and carbon monoxide.
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(iii) Cars fitted with catalytic converters still give out environmentally harmful gases.
Name one environmentally harmful gas that is emitted in large amounts and
describe the problem it causes.

Carbon dioxide is emitted in large quantities, which leads to global warming and

[Total: 10]

[Turn over]
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Cobalt can be extracted from one of its ores, linnaeite (a cobalt sulfide compound containing
traces of other metal compounds), through a 3-stage process.

Stage 1:

The ore is roasted to form a mixture of metals and metal oxides. The mixture is then heated
with dilute sulfuric acid. Copper metal and an aqueous mixture of the sulfates of cobalt and
other metais are formed.

Stage 2:
Sodium hypochlorite (NaOC!/) is then added to the aqueous mixture leading to the formation
of cobalt(Il) hydroxide.

2Co?*(ag) + NaOCl(aq) + 40H(aq) + H.0() —» 2Co(OH)s(s) + NaCl(aq)

Stage 3:
Cobalt{III) hydroxide is decomposed to form cobalt(I11) oxide and steam. The cobalt(IIl) oxide
is further reduced by carbon to form cobalt metal.

(@)(i) Why is copper metal left after treating with sulfuric acid in Stage 17
Copper is unreactive and does not react with acids. {1]

(i) Draw a labelled diagram in the box below to show the structure of copper metal.

®
000

®
. . . electron
. [ L
(1

(iii) A sample of cobalt sulfide contain 58% of cobalt and 42% by mass of sulfur. Determine
the empirical formula of the cobalt sulfide.

element Co s
Percentage by mass / % 58 42
Number of moles in 100 g / mol 0.2831 1.313
Mole ratio 3 4
empirical formula CosSa ... 12]




BP-~425
7

(b) (i} Explain using oxidation states whether sodium hypochiorite is an oxidising agent or
reducing agent in Stage 2.

(ii) Draw a dot and cross diagram for the hypochlorite ion, CIO~. Ithas a single bond between
the chlorine atom and oxygen atom.
Show outer electrons only.

\\....

_J 2]

{c) State how cobalt(IlI) hydroxide can be separated from the reaction mixture after Stage 2 is
completed.

Filtration.

2C0204 + 3C — 4Ca + 3CO; [1]/ C0,0; + 3C — 2Co + 3C0O 2]

[Total: 11]

[Turn over]




BP~426
8

5 Electroplating is the process of using an electrical current to deposit a thin layer of metal onto
an object. An example of electroplating is gold-plating.

During an experiment to gold-plate a spaon, the apparatus was set up as shown below:

...%l>“‘"§!+

steel spoon pure gold rod

NaAu(CN):(aq)

Aqueous sodium dicyanoaurate, NaAu(CN)., dissociates in water to form sodium ions, gold ions,
and cyanide ions (CN7).

(@) Give the formula of ali the ions that are attracted to the cathode, after aqueous NaAu(CN):

dissociates.
N AU e [1]
{b) (i) Gold is deposited at the cathode. Write the half-equation for the reaction at the cathode.
* Na*, Au®
...................................................................................................................... [1]
(i) Explain why gold ions are selectively discharged at the cathode.
AU+ 67 AU (1] e s
...................................................................................................................... M

(c) A student measures the concentration of the NaAu(CN); electrolyte before and after the
gold-plating experiment. Predict and explain the resuits that the student will obtain.

(d) In a separate experiment, the gold electrode was replaced with graphite. Describe and explain
a difference in observation during this experiment, compared to the experiment using the gold
electrode. Include an equation in your explanation.

You may assume that CN- ions are inert and do not take part in the reaction.

The anode does not dissolve, but instead an effervescence of O, gas is observed at the anode.

[Total: 8]

[Tum over]



The combustion of ethanol or hydrogen releases energy. This enables them to be used as fuel.

(a) The complete combustion of ethanol is represented by the following equation.
CzHs0H + 302 — 2C0: + 3H20 AH = -=1370 kJ per mole of CoHs0OH

() Complete the energy profile diagram below for the combustion of ethanol.
Your diagram should include labels for the reaction enthalpy change and activation
energy.

energy / kJ
A

CzHs0H + 30-

AH =-1370

2C0; + 3H:0

N
-~

progress of reaction

(2]
(if) Explain, in terms of bond breaking and bond making, why this reaction is exothermic.

{(b) The complete combustion of hydrogen is represented by the following equation.,
2H; + 02 — 2H,0

Use the bond energies given in the table below to calculate the energy released on buming
1 mole of hydrogen.

bond bond energy / kJ mol™’
H-H 436
0=0 496
O-H 460

Energy change = 2(436) + 496 — 4(460) [1] = —472 kJ/mol
Energy released per mole of H; = 472 + 2 = 236 kJ/mol [1]

Energy released = ......... 236 kJd/mol......... 2]

[Turn over]
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{c) Caiculate the energy released when:
(i) 1 g of hydrogen is bumned in excess oxygen.

energy released = 236 + 2 =118 kJ

Energy released = 118"‘} .................. 1]
(i) 1 g of ethanol is burned in excess oxygen.
energy released = 1370 + 46 = 29.8 kJ (3 s.f)
Energy released = .. 298KJ(3sf) ]

(d) Hydrogen and ethanol can also be used in fuel cells to power electric cars. The figure below
shows a direct ethanol fuel cell (DEFC).

Electrical
Appliance

CaHs0H +
H.O

H+

electrolyte electrolyte

co. <=1 b, [ >wo
negalive | positive =

slectrode electrode

pOFouUs
membrane

The half-equation for the DEFC at the negative electrode is:
CoHsOH + 3H,0 — 2C02 + 12H" + 12e7

(i) With reference to the diagram, what would be the half-equation at the positive electrode
in a DEFC?

Oz #4H +de” > 2H,0 s 1]

CeHsOH +30; > 2C02+3H20 [1]
[Total: 10]

[Turn over]
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This question is about the chemistry of group 17 elements. Group 17 elements are also known
as halogens or “salt-producers”, based on their ability to form salts with sodium. Table 7.1 below
shows some information regarding the size of the halogen atoms, also known as the atomic
radius.

Table 7.1
element atomic radius / x 10"*m
fluorine 42
chlorine 79
bromine 94
iodine 140

Group 17 elements have the abllity to gain electrons during chemical reactions. One method of
measuring how readily elements gain electrons is by measuring their standard electrode
potential (£°). £° is measured in volts (V) and the more positive the £® value, the greater the
tendency of a species to gain electrons. £° is represented by half-equations showing the gain
of electrons of the respective species. The £° of some of the halogens are shown in Table 7.2
below.

Table 7.2
element E*lV
Fz+ 2 — 2F +2.87
Ch+2e—2CF +1.36
Bry + 2e~— 2Br
I + 2e7— 21~ +0.54

The melting points of some salts formed from group 17 elements are shown in Table 7.3 below.

Table 7.3
salt melting point/ °C
sodium fluoride 993
sodium iodide 661
magnesium fluoride 1263

Melting an ionic compound involves overcoming the ionic bonds present batween the ions.
One way of measuring the strength of the ionic bonds in ionic compounds is to compare their
Lattice Energy (L.E.). The L.E. of ionic compounds can be determined by the formula:

+ -
gt xgq
LE a g

where g"is the charge of the cation
g~ is the charge of the anion
r* is the radius of the cation
r~ is the radius of the anion

« is the mathematical symbol for “proportionate to”

[Turn over]
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Besides reacting with metals to form salts, group 17 elements react with hydrogen to form
hydrogen halides. The bond energies of the hydrogen-halogen bond of some hydrogen halides

are shown below in Table 7.4.

Table 7.4
bond bond energy / kJ mol™
H-F 562
H-C/ 431
H-Br 366
H-1 289

The hydrogen halides can dissolve in water to form aqueous acids. The acids produced can
then undergo dissociation according to the general equation:

HX(aq) = H*(aq) + X (aq) where X =F, C/, Br, orl
During the dissociation of the acids, the H-X bond is broken in the process.

The strength of an acid can be quantified by the acid dissociation constant, Ka. The larger the
magnitude of K,, the stronger the acid. Table 7.5 shows the K. values of some aqueous
acids formed from hydrogen halides:

Table 7.5
agueous acid K./ mol dm™
HF(aq) 6.6x10°
HClaq) 1.4 x 10°
HBr(aq) 1.0 x 10°
Hi{aq) 3.2x10°

(a) Describe and explain the trend in atomic radius shown in Table 7.1.

{b) (i) The E®value for bromine is not given in Table 7.2. State a possible E® value for bromine.
any value between +0.55 and #1.35V

(i) Hence or otherwise, arrange the group 17 elements shown in Table 7.2 based on their
strength as oxidising agents, starting with the strongest oxidising agent first.

ForCh>Brz>1 (]

(c) Use suitable information provided in the question to explain the differences in melting points
of the salts shown in Table 7.3.

[Turn over]
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{d) Describe the trend in the strength of the aqueous acids shown in Table 7.5.
Use data from Table 7.4 fo suggest an explanation for the trend.

The aqueous acids in Table 7.5 can be reacted with magnesium metal to liberate hydrogen
gas. 50 cm?® of 0.1 mol/dm® HBr(aq) was reacted with excess magnesium at room temperature
and pressure. The volume of gas evolved over time is plotted in Figure 7.1 below:

volume gas / cm®
A

HF

—~—
e

time
Figure 7.1
(e} (i) Calculate the volume of hydrogen produced, x, shown in Figure 7.1.
Mg + 2HBr — MgBr: + H;
No. of moles of HBr = (50/1000) x 0.1 = 0.005 mol [1]
Volume of Ha, x = (0.005/2) x 24000 = 60 cm?[1]

2]

(ii) Sketch, on Figure 7.1, the graph that would be obtained for the reaction between
50 cm?® of 0.1 mol/dm® HF(aq) and excess magnesium, assuming all other conditions
remain the same. Label your graph as HF. {1}

[Total: 11]

[Turn over]
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8 A company manufactures polymers. It sells one of its polymers under the trade name of “PB-1".

The table shows some information about PB-1. The term “softening temperature” is used for
materials that have no definite melting point.

structure molecular mass softening temperature

“{?H _Cﬂﬁ‘ﬁ' 5600 15°C
CH,CH;

(a) () Draw the structural formula of the monomer used to make PB-1.

: H

i ; ‘ 1

C= C
|
H

Ny

CH,CH;

(i} Name this monomer.

BN, e e [1]

(i) What type of polymerisation occurs when PB-1 forms from its monomers?
(b) The company sells two types of PB-1.
The polymer in the table is low molecular mass PB-1.

(i) Calculate the number of monomer units in each molecule of low molecular mass FPB-1.

M; of monomer = 12(4) +8(1) = 56
No. of monomer units = 5600 + 56 = 100

Number of monomer units .......... .00 .eis

[Turn over]
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(i) High molecular mass PB-1 has different properties.

Suggest the softening temperature of high molecular mass PB-1.
Explain your answer.,

(iif) Explain why PB-1 has no definite melting point.

They are mixtures [1] consisting of macromolecules of different chain lengths.

[Total: 7]

fTum over]
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Section B
Answer one question from this section.

The table shows some information about the homologous sefies of a class of organic compounds
called acyl chlorides.

name condensed formula displayed formuia
iH
P
ethanoyl chioride CHsCOC! H—C—C__
I C
H
R
propanoyl chloride C,HsCOC! Ho_ . (;3 — C; —C —Ci
H
H H H
_ O P
butanoyl chloride C:H,COCi H—C—C—~C—G_
[ e

(a) (i)  Fillin the table to show the name and displayed formula of the acyl chloride that occurs
between ethanoyl chloride and butanoyl chloride in the homolgous series. [1]

Explain how you can tell that these molecules are from the same homologous series.

(i)

.............................................................................................................. 2]
(iii) Predict the condensed formula of the acyl chloride that contains 7 carbon atoms.
CoHiaC O, et 1]
{b) Ethanoyl chloride reacts with methanol in the following reaction.
CHsCOCGI + CHsOH — CHiCOOCH; + HC!
compound X
() What is the name of compound X?
............................................................................. [1]

When 64 g of methanol was reacted with excess ethanoy! chloride, 140 g of compound
X was obtained. Calculate the percentage yield of compound X.

(i)
No. of moles of methanol = 84 +32 = 2 mol {1]
Theoretical mass of X =2 x74=148g

Percentage yield = (140 + 148) x 100% = 94.6% (3 s.f) [1]

(2]

[Turn over]
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(iif) Ethanoic acid also reacts with methanol.
Write an equation for the reaction of ethanoic acid and methanol.
CHaCO:zM + CHaDH = CHsCOCH;z + H:0

(iv} Give one similarity and one difference between the reaction of ethanoyl chloride with
methanol and the reaction of ethancic acid with methanol.

similarity Both produce the same esfer / an ester is formed as the product / a small

and methanol. [Total: 10]

[Turn over]
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Table 10.1 shows the formulae of the first three members of the alcohol homologous series.

Table 10.1
alcohol formula
methanol CH;0H
ethanol C;HsCH
propanol CsH;OH

(a) State the general formula of the alcohol homologous series.

CoHansOH  Cablans2O s [1]

(b) Ethanol can be manufactured from either ethene or glucose.

(i) Write an equation for the production of ethanol from ethene and state the conditions
under which the reaction takes place.

(i) The fermentation of glucose can be represented by the following equation.
CGH1206 — 2CzHs0H +2C0:

When 3.6 kg of glucose was fermented, 1.5 kg of ethanol was obtained. Calculate the
percentage yield of ethanol.

no. of moles of glucose = 3600 + 180 = 20 mol

theoretical no. of moles of C;HsOH = 2 x 20 = 40 mol {1}
theoretical mass of C;HsOH produced = 40 x 46 = 1840 g [1]
percentage vield = (1500 + 1840) x 100% = 81.5% (3 s.f.) [1]

(3]

(iii) Explain why ethanol made from ethene is a non-renewable fuel but that made from
glucose is a renewable fuel.

Ethene is obtained from fossil fuels, which is a finite and non-renewable resource.

[Turn over]
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(c} Propanol reacts in a similar way to ethanol.

(i) Name the organic product of the reaction between propanol and wam, acidified
potassium manganate(VII).

propanoic acid. [1]

(if) Draw the structure of the compound formed when the organic product in (c)(i) reacts
with ethanol.

0
i
£ —

H H H H
| S

H o & C oo O—C—¢—H
H H H H

(1]
[Total: 10]

[Tumn over]
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