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Answer all the questions.

1 The question below relates to chlorides of some of the elements in Period 3 of the Periodic
Table.

(@) Draw ‘dot and cross diagrams to show the bonding in magnesium chloride and
silicon(IV) chloride. Only draw the outer shell electrons.

(3]

(b) Describe the difference in behaviour when magnesium chloride and silicon(IV)
chloride are added separately to cold water.

You may include in your answer

e the pH of any resulting solution,
e relevant chemical equations,
e experimental observations,

e the name of the process taking place.
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(c) The melting point of magnesium chloride is much higher than that of silicon(IV)
chloride.

Explain this difference in terms of structure and bonding.

(d) Hot aluminium reacts with dry chlorine to give a white compound which has a relative
molecular mass of 267.

(i) Deduce the molecular formula for the white compound.

ANSWET L. [1]

(ii) Write an equation for the reaction between aluminium and dry chlorine.

(iii) Explain why solid aluminium chloride does not conduct electricity, but when
aluminium chloride is added to water, the resulting solution will conduct electricity.

(e) Phosphorus reacts with excess chlorine to form a compound with an empirical formula
PCl;. The solid compound has positive and negative ions.

The positive ion has the formula PCI, ™.
The formula of the negative ion includes one phosphorus atom.

Suggest the formula of the negative ion.

[Total: 16]
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2 The carbonates and nitrates of Group 2 elements decompose when heated. *

(@) Calcium oxide is manufactured by the decomposition of calcium carbonate.

(i) Write the equation for this decomposition.

(ii) Explain why the decomposition temperature of calcium carbonate is much lower
than that of barium carbonate.

(b) Barium nitrate decomposes when heated to make barium oxide, nitrogen dioxide and
oxygen.

2Ba(NO,),(s) — 2BaO(s) + 4NO,(g) + O,(9) Equation 2.1

(i) Use oxidation states to explain why this decomposition reaction involves both
oxidation and reduction.

(ii)) Calculate the enthalpy change of reaction, AH,, in kJ mol~!, for the thermal
decomposition of barium nitrate using the enthalpy changes of formation, AH,,
given in the table.

compound AH,/kJ mol™!
Ba(NO,),(s) _992
BaO(s) -558
NO,(g) +33
ANSWES .o, kdmol~! [3]
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(c) A student investigates the volume of gas formed when barium nitrate is heated. *

The diagram shows the apparatus the student uses.

100cm?3 gas syringe

N\N

—— barium nitrate

o/

M

heat

(i) A 1.31g sample of barium nitrate is completely decomposed.

Use Equation 2.1 to calculate the volume, in cm3, of gas formed at room
temperature and pressure.

1 mol of gas molecules occupies 24 000 cm? at room temperature and pressure.

ANSWET ... cm?® [3]

(ii) Suggest one problem that the student may encounter when carrying out the
investigation.
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(d) Barium nitrate has a higher decomposition temperature than calcium nitrate. One of *

the reasons for this is the difference between the lattice enthalpy of barium oxide and
that of calcium oxide.

(i) Explain what is meant by the term lattice enthalpy.

(ii) Explain why the lattice enthalpy of barium oxide is much less exothermic than
that of calcium oxide.

[Total: 17]
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In this question, one mark is available for the quality of use and organisation of scientific terms. *

Copper and iron are typical transition elements. One of the characteristic properties of a
transition element is that it can form complex ions.

e Explain in terms of electronic configuration why copper is a transition element.

e Give an example of a complex ion that contains copper. Draw the three dimensional
shape of the ion and describe the bonding within this complex ion.

e Transition elements show typical metallic properties. Describe three other typical
properties of transition elements. lllustrate each property using copper or iron or their
compounds.
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Quiality of Written Communication [1]

[Total: 12]
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