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1.
(a)
Write a chemical equation, including state symbols, for the following enthalpy 

(i) changes

(ii) ∆Hfθ (C2H5OH) (l)
…………………………………………………………………………….

(2)
(iii) ∆Hatθ (I2 (l))

…………………………………………………………………………….

(2)
(b) Define the term standard enthalpy of combustion
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
(2)

(c) Table below shows a number of standard molar enthalpy change of fomation.
	Compound
	C2H5OH(l)
	CO2(g)
	H2O(l)

	H[image: image1.wmf]/kJ mol –1
	–278
	–394
	–286


Use the data from the table above to calculate the standard molar enthalpy of combustion for ethanol



C2H5OH (l)   +3O2 (g)  
→
2CO2 (g)    + 3H2O (l)
Calculation

(4)

TOTAL 10 marks

2.
(a)
Define lattice enthalpy



…………………………………………………………………………………….



…………………………………………………………………………………….



…………………………………………………………………………………….

(2)

(b)
State and explain the influences of both ionic charge and ionic radius on lattice enthalpy values


……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

(4)

TOTAL 6 marks

3.
Chlorine is formed in a reversible reaction as shown by the equation

4HCl(g)  +  O2(g)  [image: image2.wmf]  2Cl2(g)  +  2H2O(g)

(a)
Use the data below to calculate the standard enthalpy change, H[image: image3.wmf], and the standard entropy change, S[image: image4.wmf], for this reaction.

	Substance
	HCl(g)
	O2(g)
	Cl2(g)
	H2O(g)

	Hf[image: image5.wmf]/kJ mol–1
	–92
	0
	0
	–242

	S[image: image6.wmf]/ J K–1 mol–1
	187
	205
	223
	189


Standard enthalpy change,H[image: image7.wmf] .............................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
Standard entropy change, S[image: image8.wmf] ................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
(6)

(b)
The data below apply to a different gas phase reversible reaction.


Standard enthalpy change, H[image: image9.wmf] = +208 kJ mol–1
Standard entropy change, S[image: image10.wmf] = +253 J K–1 mol–1
(i)
Deduce the effect of an increase in temperature on the position of the equilibrium in this reaction. Use Le Chatelier’s principle to explain your answer.

Effect ...............................................................................................................
Explanation ......................................................................................................

.........................................................................................................................
(ii)
Calculate the minimum temperature at which this reaction is feasible.

.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
(7)

(Total 13 marks)

4.
(a)
(i)
Draw a fully-labelled Born–Haber cycle for the formation of solid barium chloride, BaCl2, from its elements. Include state symbols for all species involved.

(ii)
Use your Born–Haber cycle and the standard enthalpy data given below to calculate a value for the electron affinity of chlorine.


Enthalpy of atomisation of barium 
+180 kJ mol–1
Enthalpy of atomisation of chlorine 
+122 kJ mol–1
Enthalpy of formation of barium chloride 
–859 kJ mol–1
First ionisation enthalpy of barium 
+503 kJ mol–1
Second ionisation enthalpy of barium 
+965 kJ mol–1
Lattice formation enthalpy of barium chloride 
–2056 kJ mol–1
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
.........................................................................................................................
(9)

(b)
Use data from part (a)(ii) and the entropy data given below to calculate the lowest temperature at which the following reaction becomes feasible.

BaCl2(s)    Ba(s)  +  Cl2(g)

	
	BaCl2(s)
	Ba(s)
	Cl2(g)

	S[image: image11.wmf] / J K–1 mol–1
	124
	63
	223


...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
...................................................................................................................................
(4)

(Total 13 marks)

5.
(a)
A Born–Haber cycle for the formation of magnesium(II) chloride is shown below.

[image: image12.wmf]Mg   (g) + 2Cl  (g)

(iv)

(v)

(i)

(ii)

(iii)

Mg  (g) + 2Cl(g) + e

Mg   (g) + 2Cl(g) + 2e

Mg(g) + 2Cl(g)

Mg(g) + Cl  (g)

Mg(s) + Cl  (g)

2

2

2 

2+

–

–

–

+

2+

MgCl  (s)



Taking care to note the direction of the indicated enthalpy change and the number of moles of species involved, give each of the enthalpy changes (i) to (v) above.

Enthalpy change (i) ...................................................................................................
Enthalpy change (ii) ...............................................................................................
Enthalpy change (iii) .................................................................................................
Enthalpy change (iv) .................................................................................................
Enthalpy change (v) ..................................................................................................
(5)

(b)
Write an equation for the decomposition of MgCl(s) into MgCl2(s) and Mg(s) and use the following data to calculate a value for the enthalpy change of this reaction.

[image: image13.wmf]D   

H

MgCl(s)

f

 = –113 kJ mol–1
[image: image14.wmf]D   

H

MgCl  (s)

f

2

 = –653 kJ mol–1
Equation .....………………………………………………………………………….

Calculation …………………………………………………………………………..

.....................………………………………………………………………………….

.....................………………………………………………………………………….

.....................………………………………………………………………………….

(4)

(c)
Use the data below to calculate a value for the molar enthalpy of a solution of MgCl2(s).


Lattice formation enthalpy of MgCl2(s)
= –2502 kJ mol–1
[image: image15.wmf]D  

H

hydration

 of Mg+2(g)
= –1920 kJ mol–1
[image: image16.wmf]D  

H

hydration

 of Cl–(g)
= –364 kJ mol–1
.....................………………………………………………………………………….

.....................………………………………………………………………………….

.....................………………………………………………………………………….

.....................………………………………………………………………………….

.....................………………………………………………………………………….

.....................………………………………………………………………………….

(3)

(Total 12 marks)
6.
Use the data in the table below to answer the questions which follow.

	Substance
	Fe2O3(s)
	Fe(s)
	C(s)
	Co(g)
	CO2(g)

	Hf[image: image17.wmf]/ kJ mol–1
	–824.2
	0
	0
	–110.5
	–393.5

	S[image: image18.wmf]/ J K–1 mol–1
	87.4
	27.3
	5.7
	197.6
	213.6


(a)
The following equation shows one of the reactions which can occur in the extraction of iron.

Fe2O3(s)  +  3CO(g)  (  2Fe(s)  +  3CO2(g)

(i)
Calculate the standard enthalpy change and the standard entropy change for this reaction.

Standard enthalpy change ...........................................................................

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

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

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

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

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

Standard entropy change .............................................................................

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

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

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

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

(ii)
Explain why this reaction is feasible at all temperatures.

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

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

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

(9)

(b)
The reaction shown by the following equation can also occur in the extraction of iron.

Fe2O3(s)  +  3C(s)    2Fe(s)  +  3CO(g)
H[image: image19.wmf] = +492.7 kJ mol–1

The standard entropy change, S[image: image20.wmf], for this reaction is +542.6 J K–1 mol–1

Use this information to calculate the temperature at which this reaction becomes feasible.

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

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

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

(3)

(c)
Calculate the temperature at which the standard free-energy changeG[image: image21.wmf] has the same value for the reactions in parts (a) and (b).

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

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

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

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

(3)

(Total 15 marks)

7.
Sulphuric acid is manufactured by the contact process.  One stage of the process is the oxidation of sulphur dioxide according to the equation:



2SO2 (g)   +   O2 (g)
[image: image22.wmf]
2SO3  (g)

∆H=-196 KJ mol-1

The value of the entropy change ∆S for the reaction between sulphur dioxide and oxygen is –188 J mol-1K‑1.

(a) Explain why there is a decrease in entropy of the system.

……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………..
(2)

(b) Use the equation

∆G
=
∆H – T∆S

to calculate the value of ∆G for the reaction between sulphur dioxide and oxygen at 250C.  explain the significance of the sign of the value obtained.

Calculation

Explanation……………………………………………………………………… …………………………………………………………………………………….
(4)

TOTAL 6 marks
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