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13.1 Bond enthalpies and Hess’s law
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Objective

Build the skills to answer exam questions on energy cycles : bond enthalpies

and Hess’s law.
You must be able to:
o calculate AH from average bond enthalpies and explain the limits of this method

o use Hess’s law to find an enthalpy change that cannot be measured directly
e draw and use an energy cycle

1 Key knowledge and worked examples

B Bond enthalpy and Hess’s law

Bond enthalpy: the energy needed to break one mole of a bond in gaseous
molecules. Values in the data booklet are averages over many compounds. Breaking
bonds is endothermic; making bonds is exothermic.

AH = Z(bonds broken) — Z(bonds formed)

Hess’s law: the enthalpy change of a reaction is the same whichever route is taken,
as long as the start and end are the same. Around a cycle, follow the arrows: add a
step taken forwards, subtract a step taken backwards.

Worked example 1: bond enthalpies. Hy + Cl, — 2HCI: broken 436-+242 = 678;
formed 2 x 431 = 862; AH = 678 — 862 = —184 kJ mol~!.

Worked example 2: Hess. If A — B is —50 kJ and A — C is —80 kJ, then B —
Cis =80 — (=50) = =30 kJ.

Answer shapes: list bonds with numbers, or draw the cycle and follow the arrows.
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2 Practice

2.1 Explain why AH calculated from bond enthalpies is often different from a value
measured by calorimetry. [2]

o
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o

2.2 Use the bond enthalpies (kJ mol™) C-H 414, O=0 498, C=0 804 and O-H 463 to

calculate AH for CHy(g) + 2042(g) — CO4(g) + 2H20(g). 3]
H
H-é—H +20=0— 0=C=0 +2H-0-H
H

2.3 Use the cycle to calculate AH for C(s) +304(g) — CO(g).

w

AH
C + O ————»CO +30;
—394 —283

CO2

3 Exam-style questions

3.1 The enthalpy change for CuSOy(s) + 5H20(1) — CuSO4-5H50(s) cannot be measured
directly. It is found from two enthalpies of solution: anhydrous CuSOy4, AH; = —66.5 kJ
mol~!; hydrated CuSO4-5H,0, AHy = +11.7 kJ mol .

(a) State Hess’s law. 1]

(b) Calculate the enthalpy change of hydration. 2]
CuSO4(s) + 5Ha0(I—=T3CuS04-5H,0(s)

AHl A1_12

CuSO4(aq)

(c) Explain why this enthalpy change cannot be measured directly. 2]
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(d) To find AH;, a student dissolves 0.0200 mol of anhydrous CuSOy in 50.0 g of water.

The temperature rises by 6.2 K. Calculate AH; from these results. 2]
(e) Suggest why the student’s value is less negative than —66.5 kJ mol~'. 1]
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