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[TP] What do we need to know to sketchln ܭ = (ܶ/1)ܴ/°ܪ∆− + ∆ܵ°/ܴ ?1. How ܭ changes with ܶ2. The sign of ∆3°ܪ. The sign of ∆ܵ°4. All of the above5. Either (1), or (2) and (3)6. Some other factor(s)
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• Absolute entropy
• Entropy change of reaction
• Free energy change: ΔܩNext lecture: Continue ch17Notes: Spontaneity: Second law of thermodynamics http://quantum.bu.edu/courses/ch102-spring-2018/handouts.html

How to determine ∆Ssys for a chemical reaction?We have seen that we can get ∆ܵୱ୷ୱ for a phase transition using ∆ ୲ܵ୭୲ = 0 at the transition temperature.∆ܵୱ୷ୱ= ∆ܪୱ୷ୱ/ ୲ܶ୰ୟ୬ୱ୧୲୧୭୬
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How to determine ∆Ssys for a chemical reaction?Getting ∆ܵୱ୷ୱ for a chemical reaction requires a different approach.In principle we could get ∆ܵୱ୷ୱ by analyzing changes in particle and energy dispersal as a result of the reaction.But, in practice, it is easier to get Δܵsys by measuring heat flow between system and surroundings when they are in equilibrium.
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How to determine ∆rSo ?At 0 K, for each substance, ܹ = 1 and so ܵ = 0.This is known as the third law of thermodynamics.Starting with ܵ = 0 (at ܶ = 0), adding a little heat ݀ݍ, entropy ݀ܵ = ܭ0~/ݍ݀ will be added, raising ܶ a little bit, say to 1 K.Adding a little more heat ݀ݍ, entropy ݀ܵ = ܭ1~/ݍ݀ will be added, raising ܶ a little bit, say to 2 K. Continuing in this way, up to a final temperature ܶ, the sum of all of the small additions ݀ܵ are ܵ for the substance at ܶ.These values ܵ are called absolute entropies.
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Find S at a particular temperatureMake a sketch of how you expect the entropy of water to change with temperature, starting from ܵ = 0 at ܶ = 0 K and ending at the entropy atܶ = 400 K.
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Find S at a particular temperature
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Find S at a particular temperatureܵ(heating …) =  dݍ/ܶ Pܿ  = dܶ/ܶܵ (400 K) = ܵ(heating solid) …+ Δܪ୳ୱ/ ܶ୳ୱ …+ ܵ(heating liquid) …+ Δܪ୴ୟ୮/ ୴ܶୟ୮ …+ ܵ(heating gas) 
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Find S at a particular temperatureEntropies typically are tabulated at 298 K.These are called standard entropies, ܵ°Note, these absolute entropies, not entropy changes
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How to get entropy change of reaction, ∆rSo ?1. Get absolute entropies ܵ° (Mahaffy et al., Appendix D)2. ∆୰ܵ° = ܵ୮୰୭ୢ୳ୡ୲ୱ − ܵ୰ୣୟୡ୲ୟ୬୲ୱ
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Entropy of reaction, ∆So
r∆୰ܵ° = ܵ୮୰୭ୢ୳ୡ୲ୱ − ܵ୰ୣୟୡ୲ୟ୬୲ୱRules of thumb:

• If more gas moles formed, ∆୰ܵ° large and positive
• If more gas moles consumed, ∆୰ܵ° large and negative
• If gas moles unchanged, ∆୰ܵ° small but positive or negative
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∆rSo = So(products) − So(reactants) 2 Zn(ݏ) + O2(݃) → 2 ZnO(ݏ)∆୰ܵ° = 2 × 43.7 − (2 × 41.6 + 205.0) = −200.8 J/KΔ݊ = −1, so ∆୰ܵ° is large and negativeN2(݃) + O2(݃) → 2 NO(݃)∆୰ܵ° = 2 × 210.8 − (191.6 + 205.0) = +25 J/KΔ݊ = 0, so ∆୰ܵ° is small
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Free energy change, ∆ܩIn electrochemistry (lecture 24) we learned that free energy change is the work than can be done on the surroundings (excluding any pressure volume work).For an electrochemical cell, this work available to the surroundings isΔܩୡୣ୪୪ = −݊e ܨ ܩ∆ୡୣ୪୪The fundamental, general expression for free energy change—the work available to the surroundings—isܧ = −ܶ∆ ୲ܵ୭୲
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Free energy change, ∆ܩThe general expression for free energy change can be rewritten in terms on the system enthalpy change and system entropy change,Δܩ = −T ∆ ୲ܵ୭୲= −T ∆ܵୱ୳୰−T ∆ܵୱ୷ୱ= +∆ܪୱ୷ୱ−T ∆ܵୱ୷ୱThe components of Δܩ are usually written with “sys” omitted …Δܩ = ܪ∆ − ܶ∆ܵ
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System-only spontaneity measureΔܩ depends only on “sys” quantities, but it reflects ∆ ୲ܵ୭୲.If Δܩ < 0, then spontaneous (∆ ୲ܵ୭୲ > 0) and process provides workIf Δܩ = 0, then equilibrium (∆ ୲ܵ୭୲ = 0) and no work is involvedIf Δܩ > 0, then non-spontaneous (∆ ୲ܵ୭୲ < 0) and process requires work
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