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ሾTPሿ	An	acid	has	Ka ൌ	1.0	ൈ 10െ7 at	25	oC.
In	a	ca ൌ	0.40	M	solution	of	this	acid	solution,	ሾH3O൅ሿ	ൌ	…

1. 0.40
2. 0.040
3. 0.0010
4. 0.0020
5. 0.00020
6. 0.00040
7. Something	else
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• Using	Ka to	get	ሾH3O൅ሿ	
• What	happens	when	some	OHെ is	added	to	an	acid?

See	Overview	of	acid‐base	calculations,	https://goo.gl/GEPDqo

Next	lecture:	Continue:	What	happens	when	some	OHെ is	added	to	an	
acid?

Using Ka to get [H3O+] 
We	can	get	the	numerical	value	of	Ka by	analyzing	the	acid	equilibrium.

Once	we	know	Ka ,	we	can	rearrange	Ka ൌ	x	2/ca ൌ	ሺ10െpHሻ2 /	ca to	calculate	the	
value	of		x ൌ	ሾH3O൅ሿ	for	different	acid	molarities	…

x ൌ	ሺca Kaሻ1/2
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HAሺaqሻ H3O൅ሺaqሻ	 Aെሺaqሻ Q
Initial ca 10െ7 0 0
Change െ	x ൅	x ൅	x

Equilibrium ca െ	x 10െ7 ൅	x x Ka
Approximate ca െ	x	ൎ	ca 10െ7 ൅	x	ൎ	x x Ka

ሾTPሿ	An	acid	has	Ka ൌ	1.0	ൈ 10െ7 at	25	oC.
In	a	ca ൌ	0.40	M	solution	of	this	acid	solution,	ሾH3O൅ሿ	ൌ	…

1. 0.40
2. 0.040
3. 0.0010
4. 0.0020
5. 0.00020
6. 0.00040
7. Something	else
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Using Ka to get [H3O+] 
We	can	get	the	numerical	value	of	Ka by	analyzing	the	acid	equilibrium.

For	example,	if	ca ൌ	0.40	and	Ka ൌ	1.0	ൈ 10െ7,	then	…

x ൌ	ሺca Ka ሻ1/2 ൌ	ሺ4	ൈ 10െ8ሻ1/2 ൌ	2.0	ൈ 10െ4
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HAሺaqሻ H3O൅ሺaqሻ	 Aെሺaqሻ Q
Initial ca 10െ7 0 0
Change െ	x ൅	x ൅	x

Equilibrium ca െ	x 10െ7 ൅	x x Ka
Approximate ca െ	x	ൎ	ca 10െ7 ൅	x	ൎ	x x Ka

What	happens	when	some OHെ is	added	to	an	acid?
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ሾQuizሿ	An	acid	has	Ka ൌ	1.0	ൈ 10െ7 at	25	oC.	The	hydronium	concentration	of	a	
ca ൌ	0.40	M	solution	of	this	acid	solution	is	
ሾH3O൅ሿ	ൌ	2.0	ൈ 10െ4.		After	adding	some	0.20	M	OHെ,	ሾH3O൅ሿ	must	be …

1. smaller	than	2.0	ൈ 10െ4

2. less	than		1.0	ൈ 10െ7 ሺbasicሻ
3. equal	to	1.0	ൈ 10െ7 ሺneutralሻ
4. greater	than	1.0	ൈ 10െ7 ሺacidicሻ
5. More	information	needed

20%
20%
20%
20%
20%
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Add “some” OH− to an acid
When	some	OHെ solution	is	added	to	an	HA	solution,	some	HA	will	be	
converted	to	conjugate	base	Aെ.	

Therefore,	ሾHAሿ	will	be	less,	the	equilibrium	

HAሺaqሻ	൅	H2Oሺlሻ	⇌ H3O൅ሺaqሻ	൅	Aെሺaqሻ
will	shift	toward	reactants,	and	so,	by	Le	Chatelier,	ሾH3O൅ሿ	must	decrease.
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Add “some” OH− to an acid
When	some	OHെ solution	is	added	to	an	HA	solution,	some	HA	will	be	
converted	to	conjugate	base	Aെ,	and	so	ሾH3O൅ሿ	must	decrease.

There	are	two	steps	to	find	the	new	value	of	ሾH3O൅ሿ.

Step	1:	Assume	the	acid	HA	and	the	added	OHെ react	100%,	as	a	limiting	
reagent	problem.

Step	2:	Use	the	results	of	step	1	to	re‐solve	the	equilibrium.

To	begin,	let’s	learn	about	the	results	of	step	1.
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Step 1: HA + OH− limiting reagent reaction
There	are	three	possible	results	of	step	1.

“Too	little”	base:	If	fewer	moles	of	OHെ are	added	than	the	moles	of	acid	
present,	then	only	some	of	the	acid	HA	will	be	converted	to	conjugate	base	Aെ.
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Step 1: HA + OH− limiting reagent reaction
There	are	three	possible	results	of	step	1.

“Just	enough”	base:	If	the	moles	of	OHെ added	is	the	same	as	the	moles	of	acid	
present,	then	all	of	the	acid	HA	will	be	converted	to	conjugate	base	Aെ.

Lecture 19 CH102 A1 (MWF 9 am) Spring 2017

16

Copyright © 2016 Dan Dill dan@bu.edu

Step 1: HA + OH− limiting reagent reaction
There	are	three	possible	results	of	step	1.

“Too	much”	base:	If	the	moles	of	OHെ added	is	more	than	the	moles	of	acid	
present,	then	all	of	the	acid	HA	will	be	converted	to	conjugate	base	Aെ and	
unused	OHെ will	be	left	over.
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ሾTPሿ	Vb ൌ	100.	mL	of	cb ൌ	0.40	M	of	OHെ is	combined	with	
Va ൌ	100.	mL	of	ca ൌ	0.40	M	of	HA.	The	result	is	…

1. “too	little”	OHെ

2. “just	enough”	OHെ

3. “too	much”	OHെ

4. Further	information	needed

25%
25%
25%
25%
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ሾQuizሿ	Vb ൌ	100.	mL	of	cb ൌ	0.20	M	of	OHെ is	combined	with	
Va ൌ	100.	mL	of	ca ൌ	0.40	M	of	HA.	The	result	is	…

1. “too	little”	OHെ

2. “just	enough”	OHെ

3. “too	much”	OHെ

4. Further	information	needed

25%
25%
25%
25%

Copyright © 2016 Dan Dill dan@bu.eduLecture 19 CH102 A1 (MWF 9 am) Spring 2017

20

ሾTPሿ	Vb ൌ	200.	mL	of	cb ൌ	0.30	M	of	OHെ is	combined	with	
Va ൌ	200.	mL	of	ca ൌ	0.20	M	of	HA.	The	result	is	…

1. “too	little”	OHെ

2. “just	enough”	OHെ

3. “too	much”	OHെ

4. Further	information	needed

25%
25%
25%
25%
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Add “some” OH− to an acid
There	are	two	steps	to	find	the	new	value	of	ሾH3O൅ሿ.

Step	1:	Assume	the	acid	HA	and	the	added	OHെ react	100%,	as	a	limiting	
reagent	problem ሺignoring	equilibrium!ሻ.

Step	2:	Based	on	whether	we	have	added	“too	little”,	“just	enough”,	or	“too	
much”	OHെ,	we	use	the	results	of	step	1	to	calculate	the	equilibrium	
concentration	of	ሾH3O൅ሿ.
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ሾH3O൅ሿ	when	“too	little”	base	added
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Step 2: [H3O+] when “too little” base added
After	“too	little”	base	is	added	there	is	present	both	some	acid,	HA,	and	its	
conjugate	base,	Aെ.	This	means	there	are	two	possible	ways	the	system	can	
come	to	equilibrium,

HAሺaqሻ	൅	H2Oሺlሻ	⇄	H3O൅ሺaqሻ	൅	Aെሺaqሻ,	K ൌ	Ka
Aെሺaqሻ		൅	H2Oሺlሻ	⇄	HAሺaqሻ	൅	OHെሺaqሻ,	K ൌ	Kb ൌ	Kw /	Ka

One	will	result	in	an	acidic	solution,	and	the	other	will	result	in	a	basic	solution.

Which	one	to	use?
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Step 2: [H3O+] when “too little” base added
After	“too	little”	base	is	added	there	is	present	both	some	acid,	HA,	and	its	
conjugate	base,	Aെ.	This	means	there	are	two	possible	ways	the	system	can	
come	to	equilibrium,

HAሺaqሻ	൅	H2Oሺlሻ	⇄	H3O൅ሺaqሻ	൅	Aെሺaqሻ,	K ൌ	Ka
Aെሺaqሻ		൅	H2Oሺlሻ	⇄	HAሺaqሻ	൅	OHെሺaqሻ,	K ൌ	Kb ൌ	Kw /	Ka

Use	the	one	that	has	the	larger	K	!

Say	Ka ൌ	1.0	ൈ 10െ5 ≫	Kb ൌ	Kw /	Kaൌ	10െ14 /	ሺ1.0	ൈ 10െ5 ሻ	ൌ	1.0	ൈ 10െ9,	use	…

HAሺaqሻ	൅	H2Oሺlሻ	⇄	H3O൅ሺaqሻ	൅	Aെሺaqሻ,	K ൌ	Ka
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Step 2: [H3O+] when “too little” base added
After	“too	little”	base	is	added	there	is	present	both	some	acid,	HA,	and	its	
conjugate	base,	Aെ.	This	means	there	are	two	possible	ways	the	system	can	
come	to	equilibrium,

HAሺaqሻ	൅	H2Oሺlሻ	⇄	H3O൅ሺaqሻ	൅	Aെሺaqሻ,	K ൌ	Ka
Aെሺaqሻ		൅	H2Oሺlሻ	⇄	HAሺaqሻ	൅	OHെሺaqሻ,	K ൌ	Kb ൌ	Kw /	Ka

Use	the	one	that	has	the	larger	K	!

Say	Ka ൌ	1.0	ൈ 10െ9 ≪	Kb ൌ	Kw /	Kaൌ	10െ14 /	ሺ1.0	ൈ 10െ9 ሻ	ൌ	1.0	ൈ 10െ5,	use	…

Aെሺaqሻ		൅	H2Oሺlሻ	⇄	HAሺaqሻ	൅	OHെሺaqሻ,	K ൌ	Kb ൌ	Kw /	Ka
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