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ሾTPሿ	The	enthalpy	diagram	shows	changes	associated	with	the	reaction	
Na2ሺ݃ሻ	൅	Br2ሺ݃ሻ	 2	NaBrሺ݃ሻ.	

The	small	upward	arrow	is	the	enthalpy	change,	∆ܪ,	of		
Na2ሺ݃ሻ	൅	Br2ሺ݃ሻ	 2	Naሺ݃ሻ	൅	2	Brሺ݃ሻ.

The	corresponding	energy	change,	∆ܷ,	is	…

1. larger	than	∆ܪ
2. equal	to	∆ܪ
3. smaller	than	∆ܪ
4. Further	information	needed

25%
25%
25%
25%
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Lecture 26 CH101 A2 (MWF 11:15 am)
Wednesday, November 7, 2018

For	today	…	
• Using	Δfܪ° to	compute	ܽ݊ݕ Δrܪ;	
• Bond	enthalpies,	Δbܪ
• Using	Δbܪ to	݁݁ݐܽ݉݅ݐݏ	Δrܪ ;
• If	some	substances	are	not	gases,	using	Δbܪ works	poorly	

Next	lecture:	Begin	ch 8:	Modeling	atoms	and	their	electrons:	
Review:	What	light	is	and	how	it	interacts	with	matter	;	Natural	
frequencies	of	atoms	;	Light	and	matter	exchange	energy	
smoothly	and	slowly	

Prepare: Hydrogen	atom	family	album,	https://goo.gl/XPkcxv

ሾQuizሿ	The	enthalpy	diagram	shows	changes	associated	with	the	reaction	
Na2ሺ݃ሻ	൅	Br2ሺ݃ሻ	 2	NaBrሺ݃ሻ.	

The	small	upward	arrow	is	the	enthalpy	change,	∆ܪ,	of		
Na2ሺ݃ሻ	൅	Br2ሺ݃ሻ	 2	Naሺ݃ሻ	൅	2	Brሺ݃ሻ.

The	corresponding	energy	change,	∆ܷ,	is	…

1. larger	than	∆ܪ
2. equal	to	∆ܪ
3. smaller	than	∆ܪ
4. Further	information	needed

25%
25%
25%
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Using ∆fH˚’s to compute ∆rH
4	NH3ሺ݃ሻ	൅	5	O2ሺ݃ሻ 4	NOሺ݃ሻ	൅	6	H2Oሺ݃ሻ
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Using ∆fH˚’s to compute ∆rH
4	NH3ሺ݃ሻ	൅	5	O2ሺ݃ሻ 4	NOሺ݃ሻ	൅	6	H2Oሺ݃ሻ

4	NH3ሺ݃ሻ	 2	N2ሺ݃ሻ	൅	6	H2ሺ݃ሻ Δ1ܪ ൌ	െ	4	ΔHfሺNH3,	݃ሻ
5	O2ሺ݃ሻ	 5	O2ሺ݃ሻ Δ2ܪ ൌ	0
2	O2ሺ݃ሻ	൅	2	N2ሺ݃ሻ	 4	NOሺ݃ሻ Δ3ܪ ൌ	൅	4	ΔHfሺNO,	݃ሻ
6	H2ሺ݃ሻ	൅	3	O2ሺ݃ሻ	 6	H2Oሺ݃ሻ Δ4ܪ ൌ	൅	6	ΔHfሺH2O,	݃ሻ

Hess’s	law:	Δrܪ ൌ	Δ1ܪ ൅	Δ2ܪ ൅ Δ3ܪ ൅ Δ4ܪ

ൌ	൅	4	ΔܪfሺNO,	݃ሻ	൅	6	ΔܪfሺH2O,	݃ሻ	െ	4	ΔܪfሺNH3,	݃ሻ
Note:	Elements	in	standard	states	are	absent
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Using ∆fH˚’s to compute any ∆rH
The key	feature	of	standard	enthalpies	of	formation is	that,	
the	enthalpy	change	of	any	reaction,	Δrܪ,	can	be	computed	using	them,	
as	…

Δrܪ ൌ	SumሾΔfܪሺproductsሻሿ	– SumሾΔfܪሺreactantsሻሿ
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Using ∆bH ’s to estimate ∆rH
ABሺ݃ሻ	→	Aሺ݃ሻ	൅	Bሺ݃ሻ					∆ܪ ≡ ∆ୠܪ
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Using ∆bH ’s to estimate ∆rH
2	H2ሺ݃ሻ	൅	O2ሺ݃ሻ	 2	H2Oሺ݃ሻ

How	much	enthalpy	change	to	break	reactants	apart	into	atoms?
2	H2ሺ݃ሻ	 4	Hሺ݃ሻ ܪ∆ ൌ 2 ൈ 436 kJ
O2ሺ݃ሻ	 2	Oሺ݃ሻ ܪ∆ ൌ 498 kJ
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Using ∆bH ’s to estimate ∆rH
2	H2ሺ݃ሻ	൅	O2ሺ݃ሻ	 2	H2Oሺ݃ሻ

How	much	enthalpy	change	to	break	reactants	apart	into	atoms?
2	H2ሺ݃ሻ	 4	Hሺ݃ሻ ܪ∆ ൌ 2 ൈ 436 kJ
O2ሺ݃ሻ	 2	Oሺ݃ሻ ܪ∆ ൌ 498 kJ

How	much	enthalpy	change	to	combine	reactant	atoms	into	products?
4	H ሺ݃ሻ	൅	2	Oሺ݃ሻ	 2	H2Oሺ݃ሻ					∆ܪ ൌ െሺ4 ൈ 463ሻ kJ
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Using ∆bH ’s to estimate ∆rH
2	H2ሺ݃ሻ	൅	O2ሺ݃ሻ	 2	H2Oሺ݃ሻ

How	much	enthalpy	change	to	break	reactants	apart	into	atoms?
2	H2ሺ݃ሻ	 4	Hሺ݃ሻ ଵܪ∆ ൌ 2 ൈ 436 kJ
O2ሺ݃ሻ	 2	Oሺ݃ሻ ଶܪ∆ ൌ 498 kJ

How	much	enthalpy	change	to	combine	reactant	atoms	into	products?
4	H ሺ݃ሻ	൅	2	Oሺ݃ሻ	 2	H2Oሺ݃ሻ					∆ܪଷ ൌ െሺ4 ൈ 463ሻ kJ

What	is	the	estimated	total	enthalpy	change?
ܪ∆ ൌ ଵܪ∆ ൅ ଶܪ∆ ൅ ଷܪ∆ ൌ െ482 kJ

The	exact	value	is
2 ൈ ∆୤ܪ HଶO, ݃ ൌ െ483.66 kJ
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Using ∆bH’s to estimate ∆rH
The	key	feature	of	standard	bond	dissociation	energies	is	that,	the	enthalpy	
change	of	any	reaction,	ΔrH,	can	be	estimated using	them,	as	…

ΔrH ൌ Sumሾ	energy	spent	breaking	bonds	ሿ	–

Sumሾ	energy	evolved	forming	bonds	ሿ

ൌ	SumሾΔbHሺreactantsሻሿ	– SumሾΔbHሺproductsሻሿ
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ሾQuizሿ	“In	my	lecture	I	was	told	that	change	in	enthalpy	is	products	minus	
reactants,	but	my	discussion	leader	told	me	that	it	is	reactants	minus	products.	
I’ve	also	looked	in	another	chemistry	book	and	it	say	products	minus	reactants.	
Which	is	right?”

1. products	minus	reactants
2. reactants	minus	products
3. both
4. neither

25%
25%
25%
25%
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If	some	substances	are	not	gases,	using	Δbܪ works	poorly	
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∆fH° versus ∆bH to compute ∆rH
C2H5OHሺ݃ሻ	൅	3	O2ሺ݃ሻ 2	CO2ሺ݃ሻ	൅	3	H2Oሺ݃ሻ

Using	standard	enthalpies	of	formation:
Δrܪ ൌ	൅	2	ΔܪfሺCO2,	݃ሻ	൅	3	ΔܪfሺH2O,	݃ሻ	
– ΔܪfሺC2H5OH,	݃ሻ	ൌ	െ	1,277.38	kJ

Using	bond	enthalpies:
Δrܪ ൌ	൅	ΔܪbreakሺC2H5OHሻ ൅	3	ΔܪbreakሺO2ሻ	

– 2	ΔܪmakeሺCO2ሻ – 3	ΔܪmakeሺH2Oሻ ൌ	െ	1,232	kJ

Good	agreement!
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∆fH° versus ∆bH to compute ∆rH
Cሺݏ,	grሻ	൅	2	H2Oሺ݃ሻ	 CH4ሺ݃ሻ	൅	O2ሺ݃ሻ

Using	standard	enthalpies	of	formation:
Δrܪ ൌ	൅ ΔܪfሺCH4,	݃ሻ	– 2	ΔܪfሺH2O,	݃ሻ

ൌ	– 74.81	– 2ሺ– 241.82ሻ	ൌ	൅	408.83	kJ	ሺ݈ܽܿܽݑݐሻ

Using	bond	enthalpies:
Δrܪ ൌ	൅	2	ΔܪbreakሺH2Oሻ	– ΔܪmakeሺCH4ሻ – ΔܪmakeሺO2ሻ

ൌ	൅	4	ሺO‐Hሻ	– 4ሺC‐Hሻ	– ሺOൌOሻ
ൌ	4ሺ460ሻ	– 4ሺ414ሻ	– 498.7	ൌ		– 315	kJ	ሺܽ݁ݐܽ݉݅ݔ݋ݎ݌݌ሻ

Big	error!
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∆fH˚’s versus ∆bH’s to compute ∆rH
Cሺݏ,	grሻ	൅	2	H2Oሺ݃ሻ	 CH4ሺ݃ሻ	൅	O2ሺ݃ሻ

Using	standard	enthalpies	of	formation:
Δrܪ ൌ	൅ ΔܪfሺCH4,	݃ሻ	– 2	ΔܪfሺH2O,	݃ሻ

ൌ	– 74.81	– 2ሺ– 241.82ሻ	ൌ	൅	408.83	kJ	ሺ݈ܽܿܽݑݐሻ

Using	bond	enthalpies:
Cሺݏ,	grሻ	 Cሺ݃ሻ,	ΔܪfሺC,	݃ሻ	ൌ	716.7	kJ

Cሺ݃ሻ	൅	2	H2Oሺ݃ሻ	 CH4ሺ݃ሻ	൅	O2ሺ݃ሻ,	– 315	kJ	ሺܽ݁ݐܽ݉݅ݔ݋ݎ݌݌ሻ
Δrܪ ൌ	716.7	kJ – 315	kJ	ൌ	൅	402	kJ	ሺܽ݁ݐܽ݉݅ݔ݋ݎ݌݌ሻ

Much	better!
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