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Lecture 13 CH131 Summer 1
Wednesday, June 12, 2019

• Example	problems
• Effect	of	temperature	on	spontaneity

Begin	ch14:	Chemical	equilibrium
• Reaction	quotient,	spontaneity,	and	equilibrium
Next	lecture:	Continue	ch14

Problem 7e and 8e 13.31 
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Effect	of	temperature	on	spontaneity
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Atomic or molecular oxygen?
At	what	temperature	will	oxygen	spontaneously	decompose,	O2ሺ݃ሻ	 2	Oሺ݃ሻ?
• ΔܪfሺO,	݃ሻ	ൌ	249.2 kJ/mol
• ܵoሺO,	݃ሻ	ൌ	161.1 J/ሺK	molሻ
• ܵoሺO2,	݃ሻ	ൌ	205.0	J/ሺK	molሻ

How	to	proceed?

At	300	K,
Δܩ ൌ	2 ൈ 249.2 െ	300	K	ൈ 10െ3ሺ2 ൈ 161.1 െ	205.0ሻ	ൌ	൅463	kJ
Since	൐	0,	not	spontaneous,	so	mostly	molecules	at	300	K
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Atomic or molecular oxygen?
At	what	temperature	will	oxygen	spontaneously	decompose,	O2ሺ݃ሻ	 2 Oሺ݃ሻ?

At	300	K,

Δܩ ൌ	2 ൈ 249.2 െ	300	K	ൈ 10െ3ሺ2 ൈ 161.1 െ	205.0ሻ	ൌ	൅463	kJ

At	what	ܶ will	decomposition	become	spontaneous?

ΔG ൌ	0 ൌ	2	ൈ 249.2	െ	ܶ	ൈ 10 െ3ሺ2	∙ൈ 161.1	െ	205.0ሻ

ܶ ൌ	2	∙	249.2	ൈ 103/ሺ2	ൈ 161.1	െ	205.0ሻ	ൌ	4253	K

So,	for	ܶ above	4253	K,	mostly	atoms
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Atomic or molecular oxygen?
At	what	temperature	will	oxygen	spontaneously	decompose,	O2ሺ݃ሻ	 2 Oሺ݃ሻ?

OK,	we	have	seen	that	
• at	low	ܶ oxygen	is	mostly	molecules,	
• but	at	high	ܶ it	is	mostly	atoms.

Why?

Even	though	breaking	the	molecule	apart	raises	the	entropy	of	the	system,	it	
takes	energy	from	surroundings	to	break	bonds	and	so	entropy	of	
surroundings	is	lowered.	

But,	high	temperature	mutes	lowering	of	ܵsur.
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ሾTPሿ	A	certain	chemical	reaction	is	not	spontaneous	at	300	K.	The	entropy	
change	for	the	reaction	is	൅130	J/K.	The	reaction	must	be	…

1. endothermic
2. exothermic
3. neither	ሺΔܪ ൌ	0ሻ
4. More	information	needed

100%
0%
0%
0%
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ሾTPሿ	At	300	K,	hydrogen	and	oxygen	react	explosively	to	form	water.	The	free	
energy	of	formation	of	water	is	െ237	kJ.	Based	on	this	information,	at	very	high	
temperature,	water	will	…

1. decompose	into	H2 and	O2
2. will	not	decompose	into	H2 and	O2
3. More	information	needed

71%
24%
6%
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∆G versus T
Δܩ ൌ	Δܪ െ ܶ Δܵ ൌ ܾ ൅	݉ ݔ

Intercept	ܾ ൌ	Δܪ,	slope	݉ ൌ	െ Δܵ,	ݔ ൌ ܶ
Sketch	the	four	families	of	lines	Δܩ versus	ܶ,	distinguished	by	the	signs of	ܾ
and	of	m.

1. ܾ ൌ Δܪ	 ൐ 0	slope	݉	 ൌ െΔܵ	 ൏ 0
2. 	ܾ	 ൌ Δܪ	 ൐ 0	slope	݉	 ൌ െΔܵ	 ൐ 0
3. 	ܾ ൌ Δܪ	 ൏ 0	slope	݉	 ൌ െΔܵ ൏ 0
4. 	ܾ ൌ Δܪ	 ൏ 0	slope	݉	 ൌ െΔܵ ൐ 0

Which	family	corresponds	to	H2 burning	in	air?
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ሾQuizሿ	A	chemical	reaction	is	endothermic and	has	ΔSsys ൏	0.
This	means	the	reaction	will	be	spontaneous	…

1. only	at	low	temperature
2. only	at	high	temperature
3. always
4. never
5. Further	information	required

35%
12%
6%
47%
0%
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Begin	ch14:	Chemical	equilibrium
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Spontaneity of “reactants”  “products”
If	products	ሺright	sideሻ	increase	with	time,	we	say	the	reaction	is	spontaneous.

If	reactants	ሺleft	sideሻ	increase	with	time,	we	say	the	reaction	is	
nonspontaneous.

If	the	amount	of	reactants	and	products	do	not	change	with	time,	we	say	the	
reaction	is	at	equilibrium.
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Spontaneous approach to equilibrium: A  B + C
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Reaction quotient Q measures progress
A	 B	൅	C
Q ൌ	products/reactants	ൌ	ሾBሿሾCሿ/ሾAሿ

Q at	t1 is	smaller
Q at	t2 is	larger
Q thereafter	no	longer	changes
For	t ൐	t2,	Q ൌ	K,	equilibrium	constant	
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Reaction quotient Q measures progress
For	A	 B	൅	C,	the	reaction	quotient	is	…

Q ൌ	ሾBሿሾCሿ/ሾAሿ

The	numerical	value	of	the	reaction	quotient	when	the	concentrations	have	
their	equilibrium	values …

ሾAሿe,	ሾBሿe and	ሾCሿe

and	so	no	longer	change	with	time,	is	called	the	equilibrium	constant	…

K ൌ	ሾBሿeሾCሿe/ሾAሿe
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Practice: Problem 14.5
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Practice: Problem 14.11
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Q versus K is the key to assessing spontaneity
If	Q ൏	K,	product	must	form	to	get	to	equilibrium,	

so	spontaneous

If	Q ൐	K,	reactants	must	form	to	get	to	equilibrium,	
so	nonspontaneous
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The	figure	shows	how	the	partial	pressures	of	the	N2O4 and	NO2 change	with	
time	due	to	the	chemical	reaction	

N2O4 ⇌ 2	NO2
for	certain	initial	conditions.

N2O4 ⇌ 2 NO2
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N2O4 ⇌ 2 NO2
The	reaction	quotient	is	

Q ൌ	ሾNO2ሿ2/ሾN2O4ሿ

The	numerical	value	of	the	reaction	quotient	when	the	concentrations	have	
their	equilibrium	values

ሾN2O4ሿe and	ሾNO2ሿe

and	so	no	longer	change	with	time,	is	called	the	equilibrium	constant

ܭ ൌ	ሾNO2ሿe2/ሾN2O4ሿe
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ሾTPሿ	The	figure	shows	how	the	partial	pressures	of	the	N2O4 and	NO2 change	
with	time	due	to	the	chemical	reaction	

N2O4 ⇌ 2	NO2
for	certain	initial	conditions.	At	these	initial	conditions,	the	following	is	known	
about	the	chemical	reaction.

1. It	is	spontaneous
2. It	is	at	equilibrium
3. It	is	non‐spontaneous
4. Its	spontaneity	is	not	

known without	further	
information

73%
7%
0%
20%
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ሾTPሿ	At	the	initial	conditions	for	the	reaction
N2O4 ⇌ 2	NO2

the	following	is	known	about	the	ratio	Q/K.

1. It	is	greater than	1
2. It	is	equal to	1
3. It	is	less than	1
4. The	ratio	is	not	known	without	

further	information

20%
7%
73%
0%
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ሾTPሿ	For	the	reaction
N2O4 ⇌ 2	NO2

which	curve	on	the	right	shows	the	corresponding	change	of	Q	with	time?

1. 1
2. 2
3. 3
4. 4
5. None

82%
6%
0%
12%
0%
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ሾQuizሿ	The	figure	shows	how	the	partial	pressures	of	the	N2O4 and	NO2 change	
with	time	due	to	the	chemical	reaction	

N2O4 ⇌ 2	NO2
for	certain	initial	conditions.	At	these		initial	conditions,	the	following	is	
known	about	the	chemical	reaction.

1. It	is	spontaneous
2. It	is	at	equilibrium
3. It	is	non‐spontaneous
4. Its	spontaneity	is	not	known without	

further	information

6%
0%
94%
0%
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Practice: Problem 14.25
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Practice: Problem 14.33
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