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Chemistry II
Thermodynamics Workbook

Section I
 Predicting Changes in Reaction Entropy

Predict whether the entropy of the system increases (+ΔS) or decreases (-ΔS) for the following chemical reactions. If you cannot predict, state why.
(a) H2O(s) ( H2O(l)
(b) C2H2(g) + 2H2(g) ( C2H6(g)
(c) N2(g) + O2(g) ( 2NO(g)
(d) 2C2H2(g) + 3O2(g) ( 4CO(g) + 2H2O(g)
(e) 2C(s) + O2(g) ( 2CO(g)
(f) 2Na(s) + Cl2(g) ( 2NaCl(s)
(g) 2CH3OH(l) + 3O2(g) ( 2CO2(g) + 4H2O(g)
Section II
 Thermodynamic Relationships

Use the equation ΔG = ΔH –TΔS to answer the following questions

(a) A reaction will always be spontaneous, that is ΔG will be “-“, (at any temperature) if the sign of ΔH is _____ and the sign of ΔS is _____.
(b) A reaction that is exothermic (the sign of ΔH is _____), but has a decreases in entropy (the sign of ΔS is _____), will only be spontaneous when TΔS _____ ΔH, or only at ________ temperatures.

(c) A reaction that is endothermic (the sign of ΔH is _____), but has an increase in entropy (the sign of ΔS is _____), will only be spontaneous when TΔS _____ ΔH, or only at ________ temperatures.

Section III
 Review: Calculating ΔºH from ΔºHf
Use the Thermodynamic quantities listed in Appendix C (p. 1041) in your textbook to calculate ΔºH for the following reactions. State whether the rxn is exo or endo thermic.
ΔºH = ΣnΔHºf (products) – ΣmΔHºf (reactants)

(a) 2H2S(g) + 2O2(g) ( 2H2O(l) + 2SO2(g)
(b) CS2(l) + 3O2(g) ( CO2(g) + 2SO2(g)    (ΔHºf for CS2(l) = 87.9 kJ/mol)
(c) Fe2O3(s) + 3CO(g) ( 2Fe(s) + 3CO2(g)
(d) 2PbS(s) + 3O2(g) ( 2SO2(g) + 2PbO(s)
(ΔHºf for PbS(s) = 98.3 kJ/mol)
(e) CCl4(l) ( CCl4(g)
(f) BaCO3(s) ( BaO(s) + CO2(g)
Section IV
Calculating ΔS from ΔSº
Use the Thermodynamic quantities listed in Appendix C (p. 1041) in your textbook to calculate ΔS for the following reactions. Compare the sign of ΔS with what you predicted in Section I, b-g. State whether entropy increases or decreases in the rxn.
ΔS = ΣnΔSº (products) – ΣmΔSº (reactants)

(a) C2H2(g) + 2H2(g) ( C2H6(g)
(b) N2(g) + O2(g) ( 2NO(g)
(c) 2C2H2(g) + 3O2(g) ( 4CO(g) + 2H2O(g)
(d) 2C(s, graphite) + O2(g) ( 2CO(g)
(e) 2Na(s) + Cl2(g) ( 2NaCl(s)
(f) 2CH3OH(l) + 3O2(g) ( 2CO2(g) + 4H2O(g)
Section V
Calculating ΔGº from ΔGºf
Use the Thermodynamic quantities listed in Appendix C (p. 1041) in your textbook to calculate ΔGº for the following reactions. State whether the reaction is spontaneous or non-spontaneous.

ΔGº = ΣnΔGºf (products) – ΣmΔGºf (reactants)

(a) C2H2(g) + 2H2(g) ( C2H6(g)
(b) N2(g) + O2(g) ( 2NO(g)
(c) 2C2H2(g) + 3O2(g) ( 4CO(g) + 2H2O(g)
(d) 2C(s, graphite) + O2(g) ( 2CO(g)
(e) 2Na(s) + Cl2(g) ( 2NaCl(s)
(f) 2CH3OH(l) + 3O2(g) ( 2CO2(g) + 4H2O(g)
Section VI
Estimating ΔG from ΔH and ΔS
Use the Thermodynamic quantities listed in Appendix C (p. 1041) in your textbook to calculate ΔG for the following reactions at 25 ºC. Compare your results with those calculated in Section V. MAKE SURE to convert ΔS into kJ/mol•K (table values in J/mol•K).
ΔG = ΔH –TΔS

(a)  C2H2(g) + 2H2(g) ( C2H6(g)
(b) N2(g) + O2(g) ( 2NO(g)
(c) 2C2H2(g) + 3O2(g) ( 4CO(g) + 2H2O(g)
(d) 2C(s, graphite) + O2(g) ( 2CO(g)
(e) 2Na(s) + Cl2(g) ( 2NaCl(s)
(f) 2CH3OH(l) + 3O2(g) ( 2CO2(g) + 4H2O(g)
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