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Hess’s Law
1. Explain how Hess’s law is consistent with the law of conservation of energy.

2. Phosphorus burns spontaneously in air to produce tetraphosphorus decaoxide, P4O10 (s).  Write the balanced chemical equation for this reaction, and use the thermochemical equations below to determine:

a) the enthalpy of combustion for phosphorus





   (-2984 kJ)
b) the molar enthalpy of combustion for phosphorus (in kJ/mol)



   (-846 kJ/mol)

4 P (s) + 3 O2 (g) → P4O6 (s)


ΔH = -1640 kJ

P4O6 (s) + 2 O2 (g) → P4O10 (s)


ΔH = -1334 kJ

3. Consider the following thermochemical equations:
NH3 (g) → 0.5 N2 (g) + 1.5 H2 (g)

ΔH = 46 kJ
2 H2 (g) + O2 (g) → 2 H2O (g)


ΔH = -484 kJ

a) Calculate ΔH for the reaction represented by the following equation:

2 N2 (g) + 6 H2O (g) → 3 O2 (g) + 4 NH3 (g)




   (1268 kJ)

b) Draw an enthalpy diagram of the reaction.

4. Consider the following thermochemical equations:

2 ClF (g) + O2 (g) → Cl2O (g) + F2O (g)

ΔH = 167.4 kJ
2 ClF3 (g) + 2 O2 (g) → Cl2O (g) + 3F2O (g)
ΔH = 341.4 kJ

2 F2 (g) + O2 (g) → 2 F2O (g)


ΔH = -43.4 kJ

a) Calculate ΔH for the reaction represented by the following equation:

ClF (g) + F2 (g) → ClF3 (g)






   (-108.7 kJ)

b) Draw an enthalpy diagram of the reaction.

5. If iron (III) oxide is heated with carbon monoxide, carbon dioxide and metallic iron are produced.  

a) Write the balanced chemical equation for this reaction.

b) Determine the enthalpy of this reaction give them following thermochemical equations:     (-24.8 kJ)

Cgraphite + 0.5 O2 (g) → CO (g)


ΔH = -110.5 kJ


Cgraphite + O2 (g) → CO2 (g)


ΔH = -393.5 kJ

2 Fe (s) + 1.5 O2 (g) → Fe2O3 (s)

ΔH = -824.2 kJ

6. The neutralization reaction between lithium hydroxide solution and hydrochloric acid will produce water and aqueous lithium chloride.  Using the following thermochemical equations, determine the enthalpy of neutralization for 1 mol of aqueous lithium hydroxide.




     (-461.3 kJ)
0.5 H2 (g) + 0.5 Cl2 (g) → HCl (g)


ΔH = -92.3 kJ

H2 (g) + 0.5 O2 (g) → H2O (l)



ΔH = -285.8 kJ

Li (s) + 0.5 Cl2 (g) → LiCl (s)



ΔH = -815.0 kJ

Li (s) + 0.5 O2 (g) + 0.5 H2 (g) → LiOH (s)

ΔH = -487.0 kJ

LiOH (s) → LiOH (aq)




ΔH = -19.2 kJ

HCl (g) → HCl (aq)




ΔH = -77.0 kJ

LiCl (s) → LiCl (aq)




ΔH = -36.0 kJ

