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ENERGETICS - PRACTICE
1.

When 2.00 g of potassium hydrogen carbonate was added to 30.0 cm? of approximately 2 moldm™
hydrochloric acid, the temperature fell by 3.7°C.

(a) Write a balanced equation for this reaction.

(b) Calculate the enthalpy change of the reaction per mol of potassium hydrogen carbonate, assuming
that the specific heat capacity and density of all solutions are 4.18 Jg™'K™" and 1.00 gcm™ respectively.
[+23.2]

(c) Explain why the hydrochloric acid need only be approximately 2 moldm™.

When 50.0 cm?® of 5.00 moldm™ sodium hydroxide and 50.0 cm? of 1.00 moldm™ sulphuric acid both at
the same temperature, were mixed in a calorimeter of negligible heat capacity, a temperature rise of
13.6°C was recorded.

In a second experiment, the sulphuric acid was replaced by 50.0 cm?® of 1.00 moldm™ methanoic acid
(HCOOH). The temperature rise was 5.3°C.

(a) Define the term standard enthalpy change of neutralisation.

(b) Calculate the enthalpy change of neutralisation of (i) sulphuric acid, (ii) methanoic acid by sodium
hydroxide. [-56.9, -44.3]

(c) Account for the difference in enthalpy change of neutralisation calculated in (a) (i) and (ii).

(a) Define the term standard enthalpy change of combustion.

(b) Write a balanced equation for the complete combustion of ethanol (C.HsOH).

(c) When 1.00 g of ethanol was burnt under a container of water, it was found that the temperature of the
100 g of water was heated from 15.0°C to 65.0°C. Given that the specific heat capacity of water is 4.2
Jg7'K™", and that the heat transfer is only 70% efficient, calculate the standard enthalpy change of
combustion of ethanol. [-1380]

Pentaborane, BsHo, was once used as a potential rocket fuel. Calculate the heat given off when 1 mol of
BsH, reacts with excess oxygen by the following equation:

ZB5Hg(g) + 1202(9) -> 58203(5) + 9H20(g)

Given that: AH; ® (in kdmol™) of BsHgg): +73.2; B2Oss): =1272; H,O(): —242.  [-4340]

Phosphine reacts with hydrogen iodide to form phosphonium iodide by the following reaction:

PHs) + Hlg) > PHale) AHK® = =102 kdmol™
Given that AH® for PHs) = +5.4 kdmol™" and AH¢# for Hl, = +26.5 kdmol™, calculate the enthalpy
change of formation of phosphonium iodide. [-70.1]

Using the following enthalpy changes of combustion, and by means of an energy level diagram,
calculate:

(a) the enthalpy change of formation of benzene, [+46]

(b) the enthalpy change of hydrogenation of cyclohexene, and [-120]

(c) the enthalpy change of hydrogenation of benzene [-206]

From the values obtained in (b) and (c), explain the difference in structures of benzene and the
hypothetical compound, cyclohexa-1,3,5-triene.

Substance AHS / kJmol™
Benzene -3268
Carbon / graphite -394
Cyclohexane -3920
Cyclohexene -3754
Hydrogen -286

7. The enthalpy change of formation of ammonia is —46.0 kJmol™" and the average bond energies of H-H

bond and N=N bond are 436 and 945 kJmol™ respectively. Use these data to calculate the average N-H
bond energy in ammonia. [+391]
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8. (a) Use the following information to calculate the standard enthalpy change of formation of calcium
chloride at 298 K. [-763]

Type of enthalpy change AH® / kJmol™
Atomisation of calcium +193
1%t jonisation of calcium +590
2" jonisation of calcium +1145
Bond dissociation energy of CI-ClI +242
Electron affinity of chlorine -348
Lattice energy of CaCly -2237

(b) Standard enthalpy change of formation for the hypothetical compounds, Ca*Cl7 and
Ca*(Cl )y are =155 kdmol™ and +1356 kJmol™ respectively. Use the information
and the value calculated in (b) to explain why the formula of calcium chloride is
CaC|2(s).

9. Use the following data to calculate the enthalpy change of hydration of (i) the chloride ion, and (ii) the
iodide ion. Comment on the difference in the enthalpy change of hydration of the two ions.

[-384, -307]
Type of enthalpy change AH® / kJmol™
Dissolution of NaCl, -2.0
Dissolution of Nal +2.0
Hydration of Na*, -390
Lattice energy of NaCly, =772
Lattice energy of Nal, -699

10. Cyclohexane, CsHy1, is a liquid hydrocarbon at room temperature.
(a) Write a balanced equation for the combustion of CsH12(/) to form CO(g) and H.O(/).
(b) Without using thermochemical data, predict whether AG? for this reaction is more negative or less
negative than AH®.

11. From the values given for AH? and AS®, calculate AG® for each of the following reactions at 298K. If the
reaction is non-spontaneous at 298K, calculate temperature that the reaction would become

spontaneous.

(@) 2PbS(s) + 30(g) = 2PbO(s) + 2S0,(g) AH® = -844 kdmol™', AS° = =165 JK 'mol™ [-795]

(b) 2POCK(g) = 2PCl3(g) + O2(g) AH® = +572 kdmol™, AS® = +179 JK 'mol™ [+519, T>3200]
12. For the decomposition of calcium carbonate

CaCOs(s) — CaO(s) + CO(g) AH = +178.3 kdJmol™

(a) Use the values given below to calculate AG? for the reaction, and AS®.  [+130, +161]

(b) Calculate AG® at 1000 K, stating the assumptions made in the calculation [+17.6]

(c) Estimate at what temperature would AG® be zero. [1110]

(d) Explain why calcium carbonate decomposes at a lower temperature than this.
(AGF kdmol™: CO,(g), —394.4; CaO(s), —604.0; CaCOs(s), —1128.8.)
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