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	Enthalpy of chemical reactions
	



questions

1
a 
The spark provides the activation energy required to initiate combustion of the methane gas.

b 
The covalent bonds within the methane and oxygen molecules are broken.

c 
Covalent bonds within the carbon dioxide and water molecule products are formed.

d 
It is exothermic, as all combustion reactions generate heat as a product of their reaction.

2 
a 
The total enthalpy of the solid NaOH will be greater than that of the dissolved solution as energy was released during the dissolution process.

b 
Exothermic

c 
Ionic bonds between sodium cations and hydroxide anions

3 
a 
Endothermic as (H is positive.

b
Exothermic as (H is negative.

c
Exothermic as (H is negative.
d
Endothermic as (H is positive.

4 
Activation energy = 150 kJ mol–1, (H = –95 kJ mol–1
5
Sketch required. Similar to the figure in question 4.

6 
Double the first equation and reverse the second, so:

(H = 2 × –297 + (–198) = –792 kJ mol–1
7 
n(C3H8) = 
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From the equation, 1 mol of C3H8 yields 2217 kJ.
( 2.27 mol of C3H8 yields x kJ


By ratio, x = 2217 × 2.27 = 5.04 × 103
The energy released by the combustion reaction is 5.04 × 103 kJ.

8 
n(C4H9OH) = 
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From the equation, 1 mol of C4H9OH yields 2677 kJ.
( 10.9 mol of C4H9OH yields x kJ

By ratio, x = 2677 × 10.9 = 2.92 × 104
The energy released by the combustion reaction is 2.92 × 104 kJ.

9 
From the equation, 1 mol of C5H12 yields 3509 kJ.
( x mol of C5H12 yields 500 kJ
By ratio, x = 
[image: image3.wmf]3509
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 = 0.142 mol

m(C5H12) = n × M = 0.142 × 72 = 10.3 g
10 
n(B2H6) = 
[image: image4.wmf]M

m

 = 
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From the equation, if 36.2 mol of B2H6 yields 73 700 kJ

then 1 mol of B2H6 yields (H.
By ratio, (H = 
[image: image6.wmf]2
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The thermochemical equation for the combustion of diborane is:

B2H6(g) + 3O2(g) ( B2O3(s) + 3H2O(g)
(H = –2034 kJ mol–1


11
a
i 
Heat of combustion = 
[image: image7.wmf]2
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 = 725 kJ mol–1
ii 
Heat of combustion = 
[image: image8.wmf]32
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= 22.7 kJ g–1
iii 
In 1.0 L of methanol there is 787 g 

( heat of combustion = 787 × 22.7 = 17.9 MJ L–1

b
m(CH3OH) = density × volume = 0.787 × 15.0 × 1000 = 1.181 × 104 g
n(CH3OH) = 
[image: image9.wmf]mol
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n(CO2) = n(CH3OH)

V(CO2) = 
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12
a
In vapour form any fuel has an enormous ‘surface area’ as the droplets of fuel are so tiny as to be invisible to the naked eye. This increases the rate at which the fuel can undergo combustion to a significant extent.

b
The petrol is ignited by a small spark generated by the spark plug that is inserted into the combustion chamber.

c
The spark plug supplies sufficient energy to overcome the activation energy for the reaction of petrol with air. Once a small portion of the fuel has ignited it will provide sufficient energy to ignite surrounding fuel and so sustain combustion.

13
a
Water has hydrogen bonds between its molecules, in addition to dispersion forces, whereas acetone is a less polar molecule and so has mainly dispersion forces between its molecules. For this reason it requires considerably more energy to change the state of water than acetone.

b
Water would be the better refrigerant as it is able to absorb more energy before it vaporises and so will control external temperature variations more effectively.

14 
E = (Hfusion × m = 335 × 100 000 = 3.35 × 107 J = 33.5 MJ

15 
E = m × c × (T
( (T = 
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16 
E = m × c × (T = 1000 × 1000 × 0.448 × (550 – 24.0) = 2.36 × 108 J = 236 MJ

17 
E = m × c × (T = 724 × 4.18 × (50.7 – 7.44) = 1.31 × 105 J = 131 kJ
From the equation, 2 mol of C4H10 yields 5748 kJ.
( x mol of C4H10 yields 131 kJ
By ratio, x = 
[image: image12.wmf]5748
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 = 0.0456 mol

m(C4H10) = n × M = 0.0456 × 58 = 2.64 g

18 
n(NH4NO3) = 
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From the equation, 1 mol of NH4NO3 absorbs 25 kJ.
( 0.153 mol of NH4NO3 absorbs x kJ

By ratio, x = 25 × 0.153 = 3.81 kJ = 3810 J

E = m × c × (T
( (T = 
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The water will reach a temperature of (28.3 – 10.7) = 17.6°C

19
a
Energy produced by reaction E = CF × (T = 3130 × (21.0 – 13.9) = 2.22 × 104 J

n(HNO3) = c × V = 1.60 × 0.250 = 0.400 mol

n(KOH) = c × V = 2.00 × 0.250 = 0.500 mol

( the KOH is in excess and HNO3 is the limiting reagent.

0.400 mol of HNO3 yields 2.22 × 104 J

( 1 mol of HNO3 yields x kJ

By ratio, 
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( (H = –55.6 kJ mol–1
b
Excess reagent was used to ensure that the reaction went to completion. According to Le Châtelier’s law, an excess of a reactant forces the reaction further to the right to partly compensate for the change.

c
Major sources of error for any calorimetric analysis are loss of heat to the surroundings due to inefficient insulation, inaccurate temperature recording or inaccurate volume measurement.

20 
n(C2H2) = 
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From the equation, 2 mol of C2H2 produces 2600 kJ.
( 3.62 × 10–3 mol of C2H2 produces x kJ

By ratio, x = 
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 4.70 kJ = 4700 J

Calibration factor =
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21
a
Calibration factor =
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b
Energy produced by combustion E = CF × (T = 916 × (53.9 – 19.0) 


= 3.20 × 104 J

Mass loss of jelly beans = 4.86 – 2.91 = 1.95 g
Energy content of jelly beans = 
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Review Questions

1 
a–c
Sketches required. See figure 14.1.2 for examples.

2 
Endothermic: a, c and e
Exothermic: b and d
3 
The required equation can be obtained by reversing the second equation and adding it to the first equation.

(H = –393 + (+395) = +2.0 kJ mol–1
4
a
(H = 2 × –272 = –544 kJ mol–1
b
(H = 2 × (+824) = +1648 kJ mol–1
c
(H = 3 × (+272) + (–1118) = –302 kJ mol–1
5
a
Sketch required.

b
Exothermic

c
Energy released as products formed = 250 kJ
d
Activation energy of the reverse reaction = 330 kJ 
e
It would decrease, just as it would for the forward reaction.

6 
n(Na2SO4.10H2O) = 
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From the equation, 1 mol of Na2SO4.10H2O absorbs 79.0 kJ.
( 0.0776 mol of Na2SO4.10H2O absorbs x kJ

By ratio, x = 79.0 × 0.0776 = 6.13 kJ

Heat energy absorbed when crystals dissolve = 6.13 kJ


Note that when crystallisation occurs from water, that is, the solid forms, 6.13 kJ will be released, not absorbed.

7 
n(H2O) = 
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From the equation, 1 mol of H2O absorbs 44.0 kJ.
( 55.55 mol of H2O absorbs x kJ

By ratio, x = 44.0 × 55.55 = 2444 kJ

Energy required = 2.44 × 103 kJ

8
n(C) = 
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From the equation, 1 mol of C releases 393.4 kJ.
( 0.833 mol of C releases x kJ

By ratio, x = 393.4 × 0.833 = 328 kJ

Energy released = 328 kJ

9 
n(Fe3O4) = 
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From the equation, 1 mol of Fe3O4 absorbs 38.0 kJ.
( 1.08 mol of Fe3O4 absorbs x kJ

By ratio, x = 38.0 × 1.08 = 41.1 kJ

Energy absorbed = 41.1 kJ

10 
Mass = density × volume ( m(C8H18) = 0.698 × 50 000 = 3.49 × 104 g

n(C8H18) = 
[image: image25.wmf]=
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From the equation, 2 mol of C8H18 releases 10 900 kJ.
( 306 mol of C8H18 releases x kJ

By ratio, x = 
[image: image26.wmf]2
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Energy produced = 1670 MJ

11
a
Mass = density × volume ( m(C2H5OH) = 0.785 × 50 000 = 3.93 × 104 g

n(C2H5OH) = 
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From the equation, 1 mol of C2H5OH releases 1364 kJ.
( 853 mol of C2H5OH releases x kJ

By ratio, x = 1364 × 853 = 1.16 × 106 kJ

Energy produced = 1160 MJ

b
On the basis of these calculations octane is a more energy-dense fuel.

c
Other factors to consider include:

•
the cost of producing the fuel (both economic and environmental)

•
the efficiency with which it burns inside car engines

•
any modifications required to the car to burn ethanol

•
emissions produced by each fuel when it burns.

12 
n(O2) = 
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From the equation, when 1 mol of O2 is produced, 572 kJ of energy is consumed.

( 0.0223 mol of O2 consumes x kJ

By ratio, x = 572 × 0.0223 = 12.8 kJ

Electrical energy required = 12.8 kJ

13 
n(CO2) = 
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From the equation, when 1 mol of CO2 is reduced, 173 kJ of energy is consumed.
( 54.4 mol of CO2 consumes x kJ

By ratio, x = 173 × 54.4 = 9416 kJ

Heat energy absorbed = 9420 kJ

14 
n(CuSO4) = 
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0.0359 mol of CuSO4 absorbs 2.39 kJ

( 1 mol of CuSO4 absorbs x kJ

By ratio, x = 
[image: image31.wmf]0359
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CuSO4(s) 
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 Cu2+(aq) + SO42–(aq)

(H = + 66.6 kJ mol–1
15 
(H = 2 × –4158 = –8316 kJ mol–1
16 
Heat of combustion = 
[image: image33.wmf]2
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 × 5354 = 2677 kJ mol–1
17
a
E = m × c × (T = 20.0 × 4.18 × (85.0 – 11.0) = 6186 J = 6.19 kJ

b
m(ethanol) = density × volume = 0.785 × 45.0 = 35.3 g

E = m × c × (T = 35.3 × 2.46 × (37.0 – 4.00) = 2866 J = 2.87 kJ

c
E = m × c × (T = 200 × 1000 × 0.889 × (150 – 25.0) = 2.22 × 107 J = 2220 kJ

18 
E = m × c × (T ( (T = 
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Final temperature of water = 13.3 + 39.9 = 53.2(C

19 
E = m × c × (T = 600 × 4.18 × (100 – 20) = 201 kJ

Mass of coal required = 
[image: image35.wmf]25
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20 
E = m × c × (T = 2000 × 4.18 × (100 – 16.6) = 697 kJ

From the equation, 1 mol of propane produces 2217 kJ.
( x mol of propane produces 697 kJ

By ratio, x = 
[image: image36.wmf]2217

697

 = 0.314 mol

Mass of propane required = n × M = 0.314 × 44.0 = 13.8 g

21 
As is the case with the majority of organic liquids, acetone has a very low latent heat of vaporisation. The largely non-polar nature of these compounds means that only relatively weak dispersion forces are holding the molecules together and so a relatively small amount of energy is sufficient to cause vaporisation. The liquid feels cold as it evaporates, as it is drawing heat energy from the body in order to change state from liquid to gas.

22
Energy produced by reaction E = CF × (T = 719 × (25.4 – 19.6) = 4170 J

n(HCl) = c × V = 2.00 × 0.100 = 0.200 mol

n(Mg) = 
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( the HCl is in excess and Mg is the limiting reagent.

0.0185 mol of Mg yields 4170 J

( 1 mol of Mg yields x kJ

By ratio, 
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23
a
Calibration factor CF = 
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b
Energy released by 1.50 g of bread = CF × (T = 1357 × (29.2 – 17.2) = 16.3 kJ

( heat content of bread = 
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c
Major sources of error for any calorimetric analysis include loss of heat to the surroundings due to inefficient insulation, inaccurate temperature recording or inaccurate volume measurement.

24 
n(C6H5COOH) = 
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2 mol of C6H5COOH yields 6454 kJ

( 6.10 × 10–3 mol of C6H5COOH yields x kJ

By ratio, 
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a
CF = 
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b
Energy produced by reaction E = CF × (T = 812 × 3.39 = 2752 J

n(HCl) = c × V = 1.00 × 0.0500 = 5.00 × 10–2 mol

n(NaOH) = c × V = 1.10 × 0.0500 = 5.50 × 10–2 mol

( the NaOH is in excess and HCl is the limiting reagent.

If 5.00 × 10–2 mol of HCl yields 2752 J

( 1 mol of HCl yields x J

By ratio, 
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( (H = –55.0 kJ mol–1
c
An excess of the NaOH may have been used to ensure that the reaction went to completion. According to Le Châtelier’s law, an excess of a reactant forces the reaction further to the right to partly compensate for the change.

d 
Major sources of error for any calorimetric analysis include loss of heat to the surroundings due to inefficient insulation, inaccurate temperature recording or inaccurate volume measurement.
e
We would expect the heat of reaction to be smaller as this reaction involves a weak acid reacting with a weak base. The extent of the reaction is not as great, 
so the heat evolved by the reaction will not be as great.

Examination Questions

Multiple choice

1 
C

2 
B
Extended response

1
a
n(C6H5COOH) = 
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2 mol of C6H5COOH yields 6454 kJ

( 0.01184 mol of C6H5COOH yields x kJ

By ratio, 
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CF = 
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b
CH3(CH2)18COOH(s) + 29O2(g) ( 20CO2(g) + 20H2O(l)

c
Energy produced by reaction E = CF × (T = 2.915 × 28.68 = 83.60 kJ

n(CH3(CH2)18COOH) = 
[image: image52.wmf]312
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If 0.01355 mol of CH3(CH2)18COOH yields 83.60 kJ

( 1 mol of CH3(CH2)18COOH yields x kJ

By ratio, 
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2
a
Sketch required. See figure 14.1.2 for a similar graph.

b
Endothermic

c
+50 kJ mol–1
d 
Sketch required. Activation energy will be decreased.
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