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Thermodynamics — A2 Chemistry P1 & P3

1. No.8

This question is about enthalpy changes.

[II Theoretical values for enthalpies of lattice dissociation can be calculated using a
perfect ionic model.

State the meaning of the term perfect ionic model.
[1 mark]
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El Enthalpies of lattice dissociation can also be obtained from Born—-Haber cycles.

Figure 3 shows an incomplete Born-Haber cycle for the formation of sodium oxide.

Figure 3
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Complete Figure 3 by writing formulas, including state symbols, of the appropriate
species on each of the two blank lines.

[2 marks]
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@ Table 4 shows some enthalpy changes.

Table 4
Enthalpy change AH / kJ mol™'
Enthalpy of atomisation of oxygen +248
Enthalpy of atomisation of sodium +109
Enthalpy of formation of sodium oxide -416
First ionisation energy of sodium +494
First electron affinity of oxygen -142
Second electron affinity of oxygen +844

Use the data in Table 4 to calculate the enthalpy of lattice dissociation of

sodium oxide.
4l +x =348 +@ x109) T(X qu@ _ [2marks]
(42 +&4¢
% =z 28T
Enthalpy of lattice dissociation ___ -+ 27 3- kJ mol

m Explain why the second electron affinity of oxygen has a positive value.
[1 mark]
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[—i—] Explain why the enthalpy of lattice dissociation for sodium oxide is greater than the
enthalpy of lattice dissociation for sodium chloride.
[2 marks]
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@ Sodium chloride dissolves in water.

Table 5 shows some more enthalpy changes.

Table 5
Enthalpy change AH | kJ mol-'
Enthalpy of hydration for Cl- ions -364
Enthalpy of hydration for Na* ions -406
Enthalpy of lattice dissociation for NaCl +771

Use the data in Table 5 to calculate the enthalpy of solution for sodium chloride.
[2 marks]
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Enthalpy of solution -f’ [ kJ mol-’
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Iz] Give a reason why data books do not contain a value for the enthalpy of solution of

sodium oxide.
[1 mark]
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. Calculate the temperature, in °C, at which this reaction becomes feasible.

NaCl(s) — Na(s) + %Clz(g) AH = +411 kJ mol-'

AS = +90.1 J K" mol™’
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This question is about metals and their compounds.

State why the atomic radius of calcium is greater than the atomic radius of
magnesium.
[1 mark]
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Magnesium reacts with steam.

Give an equation, including state symbols, for this reaction.
[1 mark]
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Similar-sized pieces of barium and magnesium are added to separate

100 cm? samples of dilute sulfuric acid. In each case the sulfuric acid is in excess.

The barium reacts quickly at first. After a few minutes the reaction stops, even though
there is still some unreacted barium in the flask.

The magnesium reacts more slowly than the barium, but the reaction continues until
all the magnesium has reacted.

Explain why
« the barium initially reacts more quickly than the magnesium

« the barium reaction stops before all the barium has reacted.
[3 marks]
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E A metal nitrate X(NO3). completely decomposes when heated.
2X(NO3)2(s) — 2XO(s) + 4NO2(g) + O2(g)

A 0.832 g sample of X(NOs). decomposes on heating to produce a total of
348 cm?® of gas at 298 K and 100 kPa

Deduce the identity of metal X.

The ideal gas constant, R = 8.31 J K- mol™

_ [6 marks]
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@ Sodium reacts with aluminium and hydrogen to form solid NaAlH4
Give an equation for this reaction.

Suggest why NaAlH4 has a high melting point.

[3 marks]

Equation

Na 4+ Kl + 2. — NaAfH‘f.
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IEI Give the equation for the reaction between HaPO4 and an excess of NaOH
[1 mark]

3NaOH ¢ W,P0¢ — Nasf0 ¢ + 3420

Lithium is an important metal used in cells to power mobile phones.

. In a lithium cell, a lithium cobalt oxide electrode and a lithium electrode are used.

Give the equation for the reaction that occurs at the positive electrode.
[1 mark]
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. Commercial electrochemical cells can be rechargeable or non-rechargeable.

State why lithium cells can be recharged.
[1 mark]
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3. No.16

Which statement explains why the rate of a reaction increases when a catalyst is

added at a constant temperature?
» 1 mark]
o does e infencloes |

A The colirsion frequency increases because there is a decrease in

<
activation energy. verain M
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5 The collision frequency increases because there is an increase In the =
average energy of the particles.

c The proportion of successful collisions increases because there isa =
decrease in activation energy.,yM lhave eno 14 gm\_‘ \'0 \93

D The proportion of successful collisions increases gecaus there is an =

increase in the average energy of the particles.
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