THERMODYNAMICS
Answers to end-of-chapter questions

	1.
	a)
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2(107) + ½(249) + 2(496) -141 + x -2478 = -414

x = -414 -2(107) -½(249) - 2(496) + 2478 + 141 = +874.5 kJmol-1
	4

1

1

	
	b)
	Energy is required to add an electron to a species which is also negatively charged
Due to repulsion between electron and anion
	1

1

	
	c)
	O- is unstable because the extra energy required to give and electron to O- to form O2-
Is recovered because the lattice energy of Na2O is much larger than the lattice energy for Na2O

Na2+ is unstable because the energy required to form Na+ is so high

That it is not recovered by the higher lattice energy
	1
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1

1

	
	12


	2.
	a)
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∆H = 393.5 + 2(-110.5) = +172.5 kJmol-1
∆S = 2(197.6) – 213.6 – 5.7 = +175.9 Jmol-1K-1
∆G = ∆H - T∆S

so ∆G = 0 when ∆H = T∆S

T = ∆H/∆S = 172500/175.9 = 981 K = 708 oC
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	b)
	i)
	∆S ≈ 0 as there is little change in gas moles
∆H = +ve so ln K is negative

so K is very small (much less than 1) and the reaction does not occur significantly
	1

1

	
	
	ii)
	This reaction occurs during thunderstorms
NO can cause acid rain
	1
1

	
	c)
	1.5 g of water = 1.5/18 = 0.083 moles

so ∆H for water = 3675/0.083 = 44100 Jmol-1
at 373 K ∆G = 0 so ∆H = T∆S

∆S = ∆H/T = 44100/373 = +118 Jmol-1K-1 
	1

1

1

	
	
	
	
	Total 15


	3.
	a)
	i)
	Break C=C, H-H = 612 + 436
Make C-C, 2 x C-H = 348 + 2(413)

So ∆H = 1048 – 1174 = -126 kJmol-1
	1

1

	
	
	ii)
	Reaction in (i) is being repeated 3 times
So ∆H = -126 x 3 = -378 kJmol-1
	1

	
	
	iii)
	less energy is released when ethylbenzene is hydrogenated

than when 1-ethylcyclohexa-1,3,5-triene is hydrogenated

and since the same product is formed

ethylbenzene must have a lower energy

than 1-ethylcyclohexa-1,3,5-triene

so is more stable
	1

1

1

	
	
	
	
	Total
6


	4.
	a)
	Enthalpy change when one mole of a compound

is formed from the most stable allotropes of its elements

in their standard states under standard conditions
	1

1

1

	
	b)
	The energy released when one mole of free gaseous ions

is dissolved in an excess of water under standard conditions
	1

1

	
	c)
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717 + 2(436) – 4x = -75

so x = (717+ 2(436) + 75)/4 = +416 kJmol-1 
	4

	
	d)
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718 – 364 + x = +17

x = 17 + 364 – 718 = -337 kJmol-1
	3

	
	
	
	Total 12


	5.
	a)
	∆S = 3(134) + 83 – 4(112) = +37 Jmol-1K-1
	2

	
	b)
	∆G = ∆H – T∆S

= +16800 – 37(298) = 5774 Jmol-1 = +5.8 kJmol-1
	3

	
	c)
	i)
	∆G must be –ve
	1

	
	
	ii)
	At equilibrium ∆G = 0
So T = ∆H/∆S = 16800/37

= 454 K = 181oC
	1
1

1

	
	
	
	
	Total 9


	6.
	a)
	i)
	2C(s) + O2(g) ( 2CO(g)
increase in gas moles
	1
1

	
	
	ii)
	2H2(g) + O2(g) ( 2H2O(l)
decrease in gas moles
	1
1

	
	b)
	∆G = ∆H – T∆S
	1

	
	c)
	i)
	A reaction for which ∆G is –ve
	1

	
	
	ii)
	If the temperature increases, T∆S becomes more negative
So - T∆S becomes more positive

So ∆G becomes more positive, not less positive
	1
1

1

	
	
	
	
	Total 9
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