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® A Periodic Table is printed on the back cover of this paper.
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Answer ALL questions.
Write your answers in the spaces provided.
Some questions must be answered with a cross in a box [X.

If you change your mind about an answer, put a line through the box 54
and then mark your new answer with a cross [X.

1 This question is about the bonding and structure of molecules.

(a) Which element exists as discrete molecules in its solid state?

O 0o o o

A
B
C
D

aluminium
iodine
silicon

sodium

(b) Which compound has non-polar molecules?

O 0o o o

A
B
C
D

ammonia
carbon dioxide
hydrogen sulfide

water

(c) Which is the best reason for why the boiling temperature of HF is much higher
than that of HCI?

O

(|
(|
(|

o N W >

the instantaneous dipole-induced dipole (London) forces are stronger in HF
HF molecules have a smaller mass
there are intermolecular hydrogen bonds in HF

HF molecules have fewer electrons
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(d) The dot-and-cross diagram for a molecule of tin(ll) chloride, SnCl,, in the gaseous
state is:

00 XX 00

(] o X o
'CIXSn.CI'

(i) Using the electron-pair repulsion theory, explain the shape of this molecule.

(ii) Predict a value for the CI—Sn—Cl bond angle.

Justify your answer.

(Total for Question 1 = 7 marks)
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2 This question is about energy changes involved in the formation of ionic compounds.

(@) What is the order of increasing first ionisation energy for the elements beryllium,
helium and lithium?

O O 0O
O N ww >

O

lithium < helium < beryllium
beryllium < lithium < helium
helium < beryllium < lithium
lithium < beryllium < helium

(b) The second ionisation energy of calcium has a magnitude of 1150 kJ mol-'.

Which of the following represents the second ionisation energy of calcium?

o o oo
O N w »

Ca(g) — Ca*(g) + 2e= AH~ = +1150 kJ mol™'
Ca*(g) > Ca*(g) + e AH® = +1150 kJ mol~
Ca(g) — Ca*(g) + 2= AH~ = -1150 kJ mol~
Ca*(g) > Ca*(g) + e AH® = -1150 kJ mol~

(c) The formation of potassium ions can be represented by the equation

K(s) —» K*(g) + e

Which statement corresponds to the energy change for this process?

O

A

the first electron affinity of potassium
the first ionisation energy of potassium

the sum of the enthalpy change of atomisation of potassium and the first
electron affinity of potassium

the sum of the enthalpy change of atomisation of potassium and the first
ionisation energy of potassium
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(d) The table shows the ionic radius and charge of each of six ions.

lon D+ E+ G* X Y- 7=
lonic radius / nm 0.14 0.18 0.15 0.14 0.18 0.15

The ionic solids DX, EY and GZ have the same lattice structure.

Deduce the order of magnitude of their lattice energies, giving the most
exothermic first.

Justify your answer.
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(e) The diagram shows a Born-Haber cycle for calcium chloride, CaCl..

Ca?*(g) + 2CI(qg)

Ca(g) + 2Cl(g)
Ca(s) + Cl(9)
CaCIz(s)
kJ mol™’
Enthalpy of formation of CaCl(s) -796
Lattice energy of CaCl,(s) -2258
Enthalpy of atomisation of Ca(s) — Ca(qg) 178
Enthalpy of atomisation of 1/zCI2(g) — Cl(g) 122
First ionisation energy of Ca(g) 590
Electron affinity of Cl(g) -349

Calculate the second ionisation energy of calcium, in kJ mol-'.

(Total for Question 2 = 8 marks)
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3 Vanadium is a transition metal that forms ions with several oxidation numbers. Four
of these ions are shown in the table.

Formula of ion Oxidation number of vanadium Colour of ion
V2 +2 violet
V3 +3 green
VO** +4 blue
VO,* +5 yellow

(@) Complete the electronic configuration for the vanadium atom and the V3*ion.

V182 282 2108 B8 e

3t 182 282 2100 32 e e
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(b) The table shows the standard electrode (redox) potentials, £, for some half-cell

reactions.

Redox . -

system Half-cell reaction ET/V
1 V*(aq) + 2e- = V() -1.20
2 V3*(aq) + e~ = V*(aq) -0.26
3 VO*(aq) + 2H*(aq) + e = V**(aq) + H,0() +0.34
4 VO,*(aq) + 2H*(aq) + e~ = VO*(aq) + H,O() +1.00
5 SO, (aq) + 4H*(aq) + 2e~ = SO,(g) + 2H,0() +0.17

(i) Explain, using information from the table, the colour changes that take place when
SO, gas is bubbled slowly through an acidified solution containing VO,* ions.

Equations are not required.

(i) Explain, using information in the table, whether the disproportionation of
V?*(aq) into V**(aq) and V(s) is feasible under standard conditions.

(Total for Question 3 = 7 marks)
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4 Aqueous copper(ll) sulfate reacts with an excess of aqueous ammonia to give a dark
blue solution.

The dark blue solution contains the octahedral complex ion, [Cu(NH3)X(HZO)y]2+.
The formula of this complex ion is determined by colorimetry, using this method:

e Make up six different mixtures of 1.00 mol dm= aqueous ammonia and
0.500 mol dm=3 aqueous copper(ll) sulfate and water.

e Filter the mixtures to remove any precipitate that forms.
e The filtrate is a dark blue solution that contains the complex ion, [Cu(NH3)X(H20)y]2+.

e Place the dark blue solution into a colorimeter and measure the absorbance
of the solution.

The table shows the absorbance of each mixture.

Mixture
1 2 3 4 5 6

Volume of 0.500 mol dm
CuSO,(aq) / cm?

Volume of 1.00 mol dm~

5.00 5.00 5.00 5.00 5.00 5.00

300 | 600 | 900 | 12.00 15.00 @ 18.00

NH,(aq) / cm?
Volume of HZO(I) / cm? 17.00 | 14.00 | 11.00 | 8.00 5.00 2.00
Absorbance 0.25 0.50 0.76 0.84 0.84 0.84

(a) Plot a graph of absorbance against volume of NH,(aq) on the grid opposite.

Draw a straight line of best fit through the first three points and another straight
line of best fit through the last three points. Extend both lines so that they cross.
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(b) (i) Use the graph to determine the smallest volume of 1.00 mol dm~ NH_(aq)
required to completely react with 5.00 cm? of 0.500 mol dm~ of CuSO, solution.
(1)
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(i) Calculate the amount, in moles, of CuSO, in 5.00 cm? of 0.500 mol dm~3 solution.

(iii) Calculate the amount of NH,, in moles, present in the volume of NH.(aq) in (b)(ii).

(iv) Deduce the values of x and y in the formula of the complex ion [Cu(NH3)X(HZO)y]2+.

(c) The precipitate formed when some of the mixtures are made is copper(ll) hydroxide.

Write an ionic equation to show the formation of copper(ll) hydroxide from its ions.
Include state symbols.

(Total for Question 4 = 8 marks)
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5 Chlorine and bromine are elements in Group 7 of the Periodic Table.

Both elements exist in a number of different oxidation numbers and therefore are
involved in many redox reactions.

(@) Write an equation for the reaction between chlorine and cold, dilute aqueous
sodium hydroxide. State symbols are not required.

(b) Chlorine dioxide reacts with cold, dilute aqueous sodium hydroxide.

The ionic equation for the reaction is:
2Cl0,(aq) + 20H (aq) — ClO,(ag) + ClO,(aq) + H,O(l)

Using oxidation numbers, explain why the chlorine in ClO, has undergone
disproportionation.
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(c) Chloride ions (CI") can be oxidised to chlorine molecules (Cl,) by manganate(VIl) ions.

A dilute solution containing manganate(VIl) ions (MnO,") and an excess of dilute
sulfuric acid is added to the solution containing chloride ions.

As the manganate(VIl) ion solution is added, it changes from purple to colourless.

(i) The formula of the manganese species that is formed during this reaction is

Mn?*(aq)
Mn3*(aq)
Mn*(aq)

I O Iy N
O N w »

MnO,> (aq)

(i) Using oxidation numbers, deduce the molar ratio of MnO,~ to CI- that would
appear in the balanced chemical equation for the reaction.
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(d) Potassium bromide reacts with concentrated sulfuric acid. Three of the products
of the reaction are hydrogen bromide, bromine and sulfur dioxide.

(i) Explain why the hydrogen bromide, which is a colourless gas, appears as misty
fumes when it makes contact with moist air.

(Total for Question 5 = 10 marks)
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6 Sodium can form three oxides:

sodium oxide, Na,0O
sodium peroxide, Na,O,

sodium superoxide, NaO,

It has been suggested that sodium superoxide could be used in spacecraft to
regenerate oxygen.

Oxygen needs to be replaced in a spacecraft because an astronaut oxidises glucose,
according to the equation:

CH,0, + 60, — 6CO, + 6H,0

6 1276

Sodium superoxide can regenerate oxygen according to the equation:

4NaO, + 2CO, — 2Na CO, + 30,

In order to maintain the correct percentage of oxygen in the air, any excess carbon
dioxide could be removed by using sodium oxide.

NazO + CO2 — Na2C03

(@) Calculate the mass of sodium oxide that would be required to remove the excess
carbon dioxide when exactly 880 g of sodium superoxide is reacted per day.

You can assume that an astronaut oxidises 2 mol of glucose each day.
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(b) Using a dot-and-cross diagram, explain why the superoxide ion, O0—O-, is a radical.

(c) A 0.403 g sample of sodium peroxide was reacted with water:

Na,0, + 2H,0 — 2NaOH + H.0,

The hydrogen peroxide produced was determined by titration with a solution
containing cerium(lV) ions. In this reaction the hydrogen peroxide is converted
into oxygen.

H202 — 2H* + O2 + 2e-

The hydrogen peroxide solution reacted with exactly 24.85 cm? of a 0.420 mol dm~3
solution of cerium(lV) ions, Ce**.

Deduce the formula of the cerium ion present in the final solution. Support your
answer with a calculation.

(Total for Question 6 = 10 marks)
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7 The following reversible reaction is used in industry to make methanol, CH,OH:

CO(g) + 2H,(g) = CH,OH(g) AH=-91kJ mol

(@) Which change would affect both the value of the equilibrium constant, K, and the
proportion of methanol present in an equilibrium mixture of the three gases?

L]
L]
L]
L]

A
B
C
D

adding a catalyst
changing the temperature
increasing the concentration of carbon monoxide

increasing the pressure

(b) The expression for the equilibrium constant, K, for this reaction is

[CH;OH(g)]
[CO(g)1[H,(9)1?

K. =

0.200 mol of CO(g) and 0.400 mol of H_(g) are mixed in a sealed container of volume
1.2 dm? at a temperature of 500 K and a pressure of 100 atmospheres and allowed to
reach equilibrium.

The equilibrium mixture is found to contain 0.086 mol of CH ,OH(g).

(i) Calculate K_for this reaction. Give your answer to an appropriate number of
significant figures and state the units.
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(ii) The equilibrium mixture of CO(g), H,(g) and CH,OH(g) is heated in the same
sealed container to a temperature higher than 500 K. Since the gas volume
remains the same, the increased temperature results in an increase in pressure.

Explain why it is difficult to predict the effect on the yield of CH,OH.

(Total for Question 7 = 9 marks)
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8 Acids can be classified as weak or strong acids.

(a) A mixture of concentrated sulfuric and nitric acids is used in the nitration of benzene.
The following equilibrium is set up:
H,SO, + HNO, = H,NO,* + HSO,
Which statement about this equilibrium is correct?
HNO, and H,NO,* are a conjugate acid-base pair

the nitric acid acts as an acid

the nitric acid acts as an oxidising agent

O 0O O O
O N W >

the sulfuric acid acts as a dehydrating agent

(b) Sulfuric acid ionises in two stages.
Stage 1: H,SO,(aq) — H*(aq) + HSO, (aq)
Stage 2: HSO,” (aq) = H*(aq) + SO,*(aq)

(i) Explain, with reference to the equations, why the HSO," ion is classified as a
weak acid.
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(ii) A 0.100 mol dm=3 solution of sulfuric acid has a pH of 0.97.

Calculate the concentration of hydrogen ions in this solution.

(c) Ethanoic acid, CH,COOH, is a weak acid.

A student prepares 600 cm? of a buffer solution by mixing 400 cm?®of 0.500 mol dm™
ethanoic acid solution with 200 cm? of 0.500 mol dm~3 sodium ethanoate solution,

CH,COONa.
Calculate the pH of the buffer solution produced.

(K, for ethanoic acid = 1.74 x 10> mol dm™)

(Total for Question 8 = 8 marks)
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9 Prussian Blue, [Fe, [Fe(CN), 1], is a dark blue pigment used in painting and dyeing.
It was discovered around 1700 AD in the German state of Prussia.

Prussian Blue is formed when an iron(lll) salt is added to a solution containing the
complex ion [Fe(CN) ]*.

The cyanide ion has the formula CN~.

(@) (i) The oxidation number of Fe in the [Fe(CN)6]4‘ ion is

+2
+3

+4

o N w >

+6

O 0o o o

(ii) Draw a diagram to show the shape of a [Fe(CN),]*" ion, using the structure CN-
to represent a cyanide ligand and showing how the cyanide ligands bond to
the central iron ion.
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(b) A solution containing [Fe(CN) J*~ ions can be made from [Fe(H,0)]** ions in two
steps as shown:

Step 1 [Fe(H20)6]2+(aq) + 6CN-(aq) = [Fe(CN)6]4*(aq) + 6H,0(])
Step 2 2[Fe(CN) ]*(aq) + Cl(aq) — 2[Fe(CN)**(aq) + 2Cl-(aq)

Name the type of reaction taking place in each of Steps 1 and 2.

(c) In a separate reaction, aqueous sodium hydroxide was added to a solution
containing iron(ll) sulfate. A green precipitate formed that turned brown on
standing in air.

Identify the green precipitate and explain why it turns brown on standing in air.

(Total for Question 9 = 8 marks)
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10 This question is about some Group 2 compounds.

(@) Explain the trend in the thermal stability of carbonates in Group 2.

(b) Magnesium chloride is soluble in water. The enthalpy level diagram for the
dissolving of magnesium chloride is

A Mg*(9) + 2CI(g)

- 2493 kJ mol™!
enthalpy

MgCl,(s)

Mg*(aq) + 2CI(aq)

\ 4

The enthalpy changes of hydration of the ions are:
Mg?* —1920 kJ mol™
Cl- -364 k) mol™

Calculate the enthalpy change of solution, AH of MgCL(s) in kJ mol~'.

solution”
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(c) The table shows some data relating to the dissolving of magnesium sulfate,
MgSO,, in water at 298 K.

AHesolution / kJ mol™ Ase /J K" mol!

system

-87 -210

(i) Explain why the dissolving of magnesium sulfate in water is exothermic by
considering the enthalpy changes involved.

(ii) Use the data in the table to calculate AG~ when magnesium sulfate dissolves
in water at 298 K. State the significance of your answer.
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*(d) The table shows some data relating to the dissolving of barium sulfate and
calcium sulfate in water at 298 K.

Salt AH esolution TAsesystem
/ kJ mol™ / kJ mol™
BasO, +19 31
Caso, -18 43

Comment on the relative solubility in water of barium sulfate and calcium sulfate
at 298 K, using data from the table.

(Total for Question 10 = 15 marks)

TOTAL FOR PAPER =90 MARKS
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