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Answer all the questions.

The table below shows the enthalpy changes needed to construct a Born-Haber cycle for
sodium oxide, Na,O.

process enthalpy change / kJ mol™
first ionisation energy of sodium +495
first electron affinity of oxygen —141
second electron affinity of oxygen +791
enthalpy change of formation for sodium oxide -416
enthalpy change of atomisation for sodium +109
enthalpy change of atomisation for oxygen +247

(a) Use the table of enthalpy changes to complete the Born-Haber cycle by putting in the
correct numerical values on the appropriate dotted fine. [4]

2Na*(g) + 0*7(g)

2Na*{g} + O(qg) + 2e~ AH=.......... kJ
AH= ... kJ
AH= ... kJ
2Na*(g) + O(g) + e~

2Na*(g) + 30,(g) + 2e~ _
3 lattice

enthalpy of

AH=.......... kJ sodium oxide

2Na(g) + 30,(g)

AH=.......... kJ

2Na(s) + 30,(9)

Na,O(s)

A
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(b} Use the Born-Haber cycle to calculate the lattice enthalpy of sodium oxide.

lattice enthalpy =........ccoeeeeeeercrcrenereenns kJ mol~! [2]
(c) Which one of the following compounds has the most exothermic lattice enthalpy?

calcium bromide
calcium chloride
potassium bromide
potassium chloride

Explain your answer in terms of the ions present.

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

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

{Total: 10]
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Copper and zinc are both d-block elements but only copper is a transition element. Copper
forms compounds containing Cu?* or Cu* ions but zinc only forms compounds containing

Zn?* ions.

(a) Use the electronic configurations of Cu®* and Zn?* to explain why copper is a transition
etement and zingc is not.

“807202304"
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{¢) Brass is an alloy of copper and zinc.

The percentage of copper and zinc in a sample of brass can be determined by reaction
with hydrochloric acid. Only zinc reacts, as shown in the equation below.

Zn(s) + 2H*(aq) — Zn?*(aq) + H,(g)

» A sample of brass powder of known mass is added to an excess of 1.00moldm=
hydrochloric acid.

* The mixture is heated gently and the hydrogen collected is measured once the
reaction has finished.

A student analyses a 1.23g sample of brass using the method described.
The student coltects 76.0cm? of hydrogen at room temperature and pressure.
1 mol of gas molecules occupies 24.0dm? at room temperature and pressure.

Calculate the percentage by mass of copper in the sample of brass.
Give your answer to an appropriate number of significant figures.

ANSWET ... % [3]

[Total: 7]
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Artists between the 13th and the 19th Centuries used a green pigment calied verdigris. The
artists made the pigment by hanging copper foil over boiling vinegar.

(a) During the preparation of verdigris, copper atoms are oxidised to copper(II) ions.

(i) Write the oxidation half equation for the conversion of copper atoms into copper(Il)
jions.

(i) The reduction half equation that takes place is as follows.
O,(g) + 4H*{aq) + 4e” —> 2H,0())

Construct the equation for the redox reaction between copper, oxygen and hydrogen
ions.

(1]
(b) A sample of verdigris has the formuia [(CH,COO),Cul,.Cu(OH),.xH,0.
Analysis of the sample shows that it contains 16.3% water by mass.
Calculate the value of x in the formula.
ANSWEN ......evveererinenn i sernesesseneeeesssmsne s [3]
[Total: 5]
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4  The question below relates to oxides of some of the elements in Period 3 of the Periodic Table.

(a) Draw a ‘dot-and-cross diagram to show the bonding in sodium oxide, Na,O. Only draw the
outer shell electrons.

[2]
(b} Magnesium oxide is a basic oxide which has a very high melting point.

(i) Explain why magnesium oxide has a very high melting point.

(ii) A small mass of magnesium oxide is added to water. The mixture is stirred thoroughly
and an agqueous solution is formed.
What is the name of the solution formed? Estimate its pH value.

(iii) Give the ionic equation, including state symbols, for the reaction between solid
magnesium oxide and hydrochloric acid.
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(d} Silicon{lV) oxide has a giant molecular structure that is similar to that of diamond.
Suggest two physical properties of silicon(1V) oxide.

D, et eee ettt et et e et ee e et e n oo ee e eeee e e [2)

(e) Chlorine(VI1I) oxide, C/,0., has a simple molecular structure.
Suggest one chemical property of C/,0,.

() Compare the reactions of sodium and magnesium with cold water. Identify the products
formed in each case.

[Total: 13]
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In this question, one mark is available for the quality of spelling, punctuation and grammar.

Iron and its compounds take part in several different types of reaction including ligand
substitution, precipitation and redox.

For each type of reaction
»  give an example, taken from the chemistry of iron or its compounds

e state what you would see
* write a balanced equation for your example.

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

.....................................................................................................................................................
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OCR has made every efforl to trace the copyright holders of items used in this Question paper, but if we have inadvertently overlocked any, we apologise.
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