Thermodynamics versus Kinetics
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Entropy Change and State Change

Entropy, S -

[Ssolid % Sliquid = Sgas]

— Evaporation

of liquid

— Melting of solid

Temperature (K)




Second Law of Thermodynamics

* For any spontaneous process the
entropy of the universe increases

mpy IS a state function )
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The Second Law of Thermodynamics

* The second law of thermodynamics says that the
total entropy change of the universe must be positive
for a process to be spontaneous for an irreversible
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The third law of thermodynamics

—

For a perfect crystal at absolute zero, the entropy
is 0 J/mol-K







The standard entropy of reaction, AS ,,,, is the entropy

change that occurs when all reactants and products are in
their standard states.

AS rxn = ImS products " nS reactants

where mand n are the amounts (mol) of products and
reactants, given by the coefficients in the balanced equation.



Calculatr the balanced chemical equation:

@NH3(§) @Oz(g) @N O(g) 2O(g)

Reactant or product S$° (inJ/mol+K)

NH3(g) 192.8
0,(g) 205.2
NO (g) 210.8
H>O(g) 188.8
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Gibb’s Free Energy (determines whether a reaction
will happen spo eously as written)
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AG = AH-TAS
\

* AG defined in terms of system
*we know ASuniv >0 for an irreversible process

How to do we go from AS,,, to AGsys?
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A reaction is spontaneous when AG<0, why?
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Using Gibb’s free energy example 2:

Ozone in the lower atmosphere 1s a pollutant that can form by the following reaction
involving the oxidation of unburned hydrocarbons:

CH4(g) + & Oz(g) — COz(g) +2 HzO(g) +4 03(g)

Use the standard free energies of formation tocdetermine AGx, for this reaction at 25 °C.
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0 = AG° + RTInK (at equilibrium)
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