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Lecture 11 CH131 Summer 1
Monday, June 10, 2019

• Complete	thermochemistry	problems.

Begin	ch13:	Spontaneous	Processes
• The	essence	of	change:	Blind	chance	and	dumb	luck
• Arrangements	 entropy
Next	lecture:	Complete	ch13

Problem 7e & 8e: 12.39
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Problem 7e & 8e: 12.43
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Problem 7e & 8e: 12.47
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ሾQuizሿ	The	enthalpy	diagram	shows	changes	associated	with	the	reaction	
Na2ሺ݃ሻ	൅	Br2ሺ݃ሻ	 2	NaBrሺ݃ሻ.	

The	uppermost	line	corresponds	to	the	species	…

1. 2	Naሺݏሻ	൅	Br2ሺ݈ሻ
2. 2	Naሺ݃ሻ	൅	2	Brሺ݃ሻ
3. Na2ሺ݃ሻ	൅	Br2ሺ݃ሻ
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The essence of change
all	complexity	is	an	illusion	...
things	happen	simply	because	they	can happen	and	because	they	are	
statistically	most	likely	to	happen.”

Michael	Munowitz,	"Principles	of	Chemistry,"	W.	W.	Norton,	2000
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A gas fills its container

Gas	all	on	left	of	container
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A gas fills its container

Gas	evenly	distributed	throughout	container

Copyright © 2019 Dan Dill dan@bu.eduLecture 11 CH131 Summer 1 2019

9

A gas fills its container
Gas	expansion	and	mixing
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A gas fills its container
Gas	expansion	and	mixing
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A gas fills its container
Gas	expansion	and	mixing
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A gas fills its container
Odyssey	tutorial	55:	Gas	expansion	and	mixing
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Pressure in a gas is uniform
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moveable	barrier

Pressure in a gas is uniform

ܲ proportional	to	݊/ܸ ሺ“lattice	gas”ሻ
The	same	on	the	left	and	right
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moveable	barrier

Gases mix evenly
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One	gas	on	left,	another	on	right
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permeable	barrier
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Gases mix evenly
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Equal amounts	throughout
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permeable	barrier

Osmotic pressure across 
semipermeable membrane

Copyright © 2019 Dan Dill dan@bu.eduLecture 11 CH131 Summer 1 2019

Pressure equal (n/V) on both sides of membrane, 
but solute (light grey) cannot pass across membrane to left
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Dumb luck
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Osmotic pressure across 
semipermeable membrane
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Solvent	passes	across	membrane	to	right
making	pressure higher ሺn/Vሻ	on	right
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Osmotic pressure maximizes arrangements

→

xoxxoo |	xooyoy →	xoooxo |	xyoyxo
1200	→	1350
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Blind chance
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Arrangements	→ entropy
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ሾTPሿ	If	a	process	is	spontaneous,	then	…

1. the	entropy	of	the	system	must	increase
2. the	entropy	of	the	surroundings	must	increase
3. the	process	but	give	off	heat
4. the	reverse	process	must	also	be	spontaneous
5. the	entropy	of	the	universe	must	increase
6. the	system	must	become	more	disordered
7. All	of	the	above
8. None	of	the	above
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S = kB ln(W)
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S = kB ln(W)
Why	natural	log?

Doubling	size	of	system:	ܹܹ ൈܹ ൌ	ܹ2

Doubling	size	of	system:	ܵ 2	ܵ,	so	…

Boltzmann’s	definition	makes	ܵ scale	with	size	of	system ሺextensiveሻ.

݇B ൌ	ܴ/ܰA ൌ	1.4	ൈ 10‐23 J/K
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