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ሾTPሿ	For	the	reaction	H2Oሺ݃ሻ	 H2Oሺ݈ሻ,	at	what	temperature	range	will	result	in	
the	greatest	amount	of	products	ሺlargest	ܭሻ?

1. Very	low	ܶ
2. Very	high	ܶ
3. The	amount	will	be	the	same	at	all	ܶ
4. More	information	needed

25%
25%
25%
25%
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• Complete:	Absolute	entropy
• Entropy	change	of	reaction
• Free	energy	change,	∆ܩ
• ,ܩ∆ ,ܧ ,ܪ∆ ∆ܵ, ܳ, ,ܭ and	ܶ

Next	lecture:	Complete:	∆ܩ, ,ܧ ,ܪ∆ ∆ܵ, ܳ, ,ܭ and	ܶ

Find S at a particular temperature
Make	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	at
ܶ ൌ	400	K.
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Find S at a particular temperature
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Find S at a particular temperature
ܵሺheating	…ሻ	ൌ		׬dݍ/ܶ ൌ		ܿ׬P dܶ/ܶ

ܵ ሺ400	Kሻ	ൌ	ܵሺheating	solidሻ	…

൅	Δܪ୤୳ୱ/ ୤ܶ୳ୱ	…

൅	ܵሺheating	liquidሻ	…

൅	Δܪ୴ୟ୮/ ୴ܶୟ୮	…

൅	ܵሺheating	gasሻ	
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Find S at a particular temperature
Entropies	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	ܵ° ሺMahaffy	et	al.,	Appendix	Dሻ

2. ∆୰ܵ° ൌ	ܵ୮୰୭ୢ୳ୡ୲ୱ െ ܵ୰ୣୟୡ୲ୟ୬୲ୱ
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Entropy of reaction, ∆So
r

∆୰ܵ° ൌ	ܵ୮୰୭ୢ୳ୡ୲ୱ െ ܵ୰ୣୟୡ୲ୟ୬୲ୱ

Rules	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	Znሺݏሻ ൅	O2ሺ݃ሻ	 2	ZnOሺݏሻ

∆୰ܵ° ൌ	2	ൈ 43.7 െ	ሺ2	ൈ 41.6 ൅	205.0ሻ	ൌ	െ200.8	J/K

Δ݊୥ ൌ	െ1,	so	∆୰ܵ° is	large	and	negative

N2ሺ݃ሻ ൅	O2ሺ݃ሻ	 2	NOሺ݃ሻ

∆୰ܵ° ൌ	2	ൈ 210.8 െ	ሺ191.6 ൅	205.0ሻ	ൌ	൅25	J/K

Δ݊୥ ൌ	0,	so	∆୰ܵ° is	small
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Free energy change, ∆ܩ
In	electrochemistry	ሺlecture	24ሻ	we	learned	that	free	energy	change	is	the	
work	than	can	be	done	on	the	surroundings	ሺexcluding	any	pressure	volume	
workሻ.

For	an	electrochemical	cell,	this	work	available to	the	surroundings	is

Δܩୡୣ୪୪ ൌ െ݊e ܨ ୡୣ୪୪ܧ
The	fundamental,	general	expression	for	free	energy	change—the	work	
available	to	the	surroundings—is

ܩ∆ ൌ െܶ∆ ୲ܵ୭୲
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Free energy change, ∆ܩ
The	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

ൌ	൅∆ܪୱ୷ୱെT	∆ܵୱ୷ୱ

The	components	of	Δܩ are	usually	written	with	“sys”	omitted	…

Δܩ ൌ ܪ∆ െ ܶ∆ܵ
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System-only spontaneity measure
Δܩ depends	only	on	“sys”	quantities,	but	it	reflects	∆ ୲ܵ୭୲.

If	Δܩ ൏	0,	then	spontaneous ሺ∆ ୲ܵ୭୲	൐	0ሻ	and	process	provides	work

If	Δܩ ൌ	0,	then	equilibrium ሺ∆ ୲ܵ୭୲	ൌ	0ሻ	and	no	work	is	involved

If	Δܩ ൐	0,	then	non‐spontaneous ሺ∆ ୲ܵ୭୲	൏	0ሻ	and	process	requires	work
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Using	temperature	to	change	equilibrium:	ܭ versus	ܶ

,ܩ∆ ,ܧ ,ܪ∆ ∆ܵ, ܳ, ,ܭ and	ܶ
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∆G, ∆H, ∆S, E, Q, K, and T
Just	as	we	did	to	discover	that	spontaneity	in	an	electrochemical	cell	is	
proportional	to	lnሺܳ/ܭሻ,	…

let’s	see	if	we	can	guess	how	∆ܩ must	depend	on	ܳ and	ܭ ...

ܩ∆ ൌ െ݊ܧܨୡୣ୪୪ ൌ ܴܶ ln ܭ/ܳ ൌ ܪ∆ െ ܶ∆ܵ

where	ܴܶ has	units	J/mol
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∆G, ∆H, ∆S, E, Q, K, and T
Rearranging

ܩ∆ ൌ െ݊ୣܧܨୡୣ୪୪ ൌ ܴܶ ln ܭ/ܳ ൌ ܪ∆ െ ܶ∆ܵ

we	see	that	this	means

ୡୣ୪୪ܧ ൌ െሺ ோ்
௡౛ி

ሻ ln ܭ/ܳ ൌെ ோ்
௡౛ி

2.303 log ொ
௄

since	if	ݔ ൌ 10୪୭୥	ሺ௫ሻ,	then	ln ݔ ൌ ln 10 log ݔ ൌ 2.303log	ሺݔሻ

At	25	Ԩ	
ோଶଽ଼.ଵହ௄

௡౛ி
2.303 ൌ ଴.଴ହଽଵଶ

௡౛
V
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∆G, ∆H, ∆S, E, Q, K, and T
ܩ∆ ൌ െ݊ܧܨୡୣ୪୪ ൌ ܴܶ ln ܭ/ܳ ൌ ܪ∆ െ ܶ∆ܵ

How	about	for	standard	states?

°ܩ∆ ൌ െ݊ܧܨ°ୡୣ୪୪ ൌ ܴܶ ln ܭ/1 ൌ °ܪ∆ െ ܶ∆ܵ°
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