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Molecule of the Day 
 Eugenol 

The	spicy	fragrance	of	cloves	comes	largely	
from	eugenol,	the	principal	ingredient	in	oil	of	
cloves.		Eugenol	is	used	not	only	in	perfumes	
and	mouthwashes,	but	also	as	an	insect	
aMractant	and	a	dental	analgesic	for	wisdom	
tooth	extrac)on.	It	can	be	oxidized	to	form	
vanillin,	which	has	a	vanilla	scent.	

While	it	would	be	fun	if	eugenol	was	named	
aQer	Eugene,	Oregon,	the	name	actually	
comes	from	a	genus	of	trees	named	for	
Prince	Eugène	of	Savoy.	

� 



The Common-Ion Effect 

Consider an aqueous solution of acetic acid: 

If sodium acetate, CH3COO-,	Na+ , is added to 
the solution, what is the common ion?  

CH3COOH(aq)	+	H2O(l)	 H3O+(aq)	+	CH3COO-(aq)	

CH3COO- 



The Common-Ion Effect 

Consider an aqueous solution of acetic acid: 

When sodium acetate, CH3COO-,	Na+ , is added 
to the solution, Le Châtelier Principle indicates 
the equilibrium will shift to the ___. 
The pH of the solution will 
A.  Increase    B. Decrease   C.  Stay the same 
 

CH3COOH(aq)	+	H2O(l)	 H3O+(aq)	+	CH3COO-(aq)	



The Common-Ion Effect 

Consider an aqueous solution of acetic acid: 

If sodium acetate, CH3COO-,	Na+ , is added to the 
solution, who is the common ion? CH3COO-	

Le Châtelier says the equilibrium will shift to the 
left. 
The pH of the solution will 
A.  Increase    B. Decrease   C.  Stay the same 
 

CH3COOH(aq)	+	H2O(l)	 H3O+(aq)	+	CH3COO-(aq)	



Indicators 

•  Indicators are chemicals that change 
color depending on the solution’s 
acidity or basicity. 

•  Many vegetable dyes are indicators. 
–  Anthocyanins 

•  Litmus  
–  From Spanish moss 
–  Red in acid, blue in base 

•  Phenolphthalein 
–  Found in laxatives 
–  Red in base, colorless in acid 



Universal Indicator 



Indicator Chart 



Three	Solu)ons	with	Universal	
Indicator	

Ace)c	acid	
Water

		

Sodium	acetate	



Calculate	the	pH	of	each	of	the	
following	solu)ons:	

0.010	M	HCl(aq)	
	
0.010	M	ace)c	acid,	CH3COOH(aq)		Ka	=	1.8	x	10-5	
	
0.010	M	sodium	acetate:	CH3COO-,	Na+	(aq)		



Model	1	–	Comparing	the	pH	of	Solu)ons	
Iden)fy	each	solu)on	as:	acidic,	basic,	or	neutral.	
Write	chemical	equa)ons	to	represent	what	occurs	

in	each	solu)on.	
Beaker	A:		200	mL	of	pure	water,	H2O(l)	
	
Beaker	B:		200	mL	of	0.010	M	HCl(aq)	
	
Beaker	C:		200	mL	of	0.010	M	ace)c	acid	
			CH3COOH(aq)		Ka	=	1.8	x	10-5	
	
	
Beaker	D:		200	mL	of	0.010	M	sodium	acetate										

	CH3COO-,	Na+	(aq)		



Model	1	–	Comparing	the	pH	of	Solu)ons	
Iden)fy	each	molecule	or	ion	in	your	equa)ons	as:	
strong	acid,	strong	base,	weak	acid,	weak	base,	

conjugate	acid,	or	conjugate	base		
Beaker	A:		200	mL	of	pure	water,	H2O(l)	
	
Beaker	B:		200	mL	of	0.010	M	HCl(aq)	
	
Beaker	C:		200	mL	of	0.010	M	ace)c	acid	
			CH3COOH(aq)		Ka	=	1.8	x	10-5	
	
	
Beaker	D:		200	mL	of	0.010	M	sodium	acetate										

	CH3COO-,	Na+	(aq)		



Model	2	–	Comparing	the	pH	of	Solu)ons	
Iden)fy	the	solu)on	in	Beaker	E	as:	acidic,	basic,	or	
neutral.	Write	a	chemical	equa)on	to	represent	

what	occurs	in	the	solu)on	in	Beaker	E.	

Beaker	A:		200	mL	of	pure	water,	H2O(l)	
	
	
Beaker	E:		Star)ng	with	100	mL	of	0.010	M	ace)c	acid		
CH3COOH(aq)		Ka	=	1.8	x	10-5				add		100	mL	of	0.010	M	
sodium	acetate				CH3COO-,	Na+	(aq)		



Model	2	–	Comparing	the	pH	of	Solu)ons	
Iden)fy	the	solu)on	in	Beaker	E	as:	acidic,	basic,	or	
neutral.	Write	a	chemical	equa)on	to	represent	

what	occurs	in	the	solu)on	in	Beaker	E.	

Beaker	A:		200	mL	of	pure	water,	H2O(l)	
	
	
Beaker	E:		100	mL	of	0.010	M	ace)c	acid		CH3COOH(aq)		
Ka	=	1.8	x	10-5				and			100	mL	of	0.010	M	sodium	acetate										

	CH3COO-,	Na+	(aq)		



Calculating the pH of a strong acid solution 

[H3O+] = ?    pH = ?     % ionization  = ? 

0.010	M	solu)on	of	hydrochloric	acid,	HCl	



Calculating pH 

[H3O+] = 0.010 M      
 
pH = - log[H3O+] =  - log[0.010 M]   
 
pH = 2.00 

0.010	M	solu)on	of	hydrochloric	acid,	HCl	
	
HCl	+	H2O	à	Cl-	+	H3O+(aq)							%	ioniza)on		=	100%	
	



Calculating pH from Ka 

 Calculate the pH of a 0.010 M solution of 
acetic acid, HC2H3O2, at 25°C. 

 
   HC2H3O2(aq) + H2O(l)                      H3O+(aq) + C2H3O2

-(aq) 
 

    Ka for acetic acid at 25°C is 1.8 × 10-5. 



Calculating pH from Ka 

The equilibrium constant expression is 

[H3O+]	[C2H3O2
-]	

[HC2H3O2]	
Ka	=	

HC2H3O2(aq)	+	H2O(l)																						H3O+(aq)	+	C2H3O2
-(aq)	



Calculating pH from Ka 

We	next	set	up	a	table…	

[C2H3O2], M [H3O+], M [C2H3O2
-], M 

Initially 0.010 0 0 
Change 

At equilibrium 



Calculating pH from Ka 

We	next	set	up	a	table…	

[C2H3O2], M [H3O+], M [C2H3O2
-], M 

Initially 0.010 0 0 
Change -x +x +x 

At equilibrium 



Calculating pH from Ka 

We	next	set	up	a	table…	

[C2H3O2], M [H3O+], M [C2H3O2
-], M 

Initially 0.010 0 0 
Change -x +x +x 

At equilibrium 0.010 - x ≈ 0.010 x x 

We	can	assume	x	will	be	very	small	compared	to	0.30	and	therefore,	x	can	
be	ignored	when	adding	or	subtrac)ng	x.	

Since Ka = 1.8 × 10-5 



Calculating pH of a weak acid solution 

(x)2	
(0.010)	1.8	×	10-5	=		

					(1.8	×	10-5)	(0.010)	=	x2	
	

	 						1.8	×	10-7	=	x2				
	
	 						4.2	×	10-4	=	x	=	[H3O+]	

[H3O+]	[C2H3O2
-]	

[HC2H3O2]	
Ka	=	



Calculating pH 

pH = -log [H3O+] 
pH = -log (4.2 × 10-4) 
pH = 3.37 



Is an aqueous solution of sodium acetate  
CH3COO-,	Na+    acidic, basic, or neutral?   

A)		11.8				B)		6.0				C)	4.7			D)		2.4						



Calculate	the	pH	of	a	0.010	M	sodium	acetate	
solu)on		



Calculate	the	pH	of	a	0.010	M	sodium	acetate	
solu)on		



Influence	of	adding	some	Acid	&	Base	to	water	
and	a	Special	Solu)on	

water	

Both	solu)ons	have	an	ini)al	pH	=	7.0	

Special	solu)on	



Predict what happens to the pH of water when 
0.5 mL of 0.1 M HCl(aq) is added. 

The pH of water will  
 
A.  not change. 
B.  decrease a lot. 
C.  increase a lot. 
D.  decrease a bit. 
E.  increase a bit 
	



Influence	of	adding	2	drops	of	acid	to	water	and	
2	drops	of	acid	to	the	special	solu)on.	

The	addi)on	of	2	drops	of	acid	to	each	solu)on	changes	the	pH	of	water	
to	acidic,	but	does	not	change	the	pH	of	the	“special”	solu)on.	

water	 Special	solu)on	



•  Predict what happens to the pH of water 
when 0.5 mL of 0.1 M HCl(aq) is added. 

The pH of water will  
 
A.  not change. 
B.  decrease a lot. 
C.  increase a lot. 
D.  decrease a bit. 
E.  increase a bit 
	



•  What happens to the pH of water when 0.5 
mL of 0.1 M NaOH(aq) is added. 

The pH of water will  
 
A.  not change. 
B.  decrease a lot. 
C.  increase a lot. 
D.  decrease a bit. 
E.  increase a bit 
	



AQer	adding	2	drops	of	NaOH	to	water	
and	2	drops	to	the	special	solu)on	

The	addi)on	of	2	drops	of	sodium	hydroxide	(base)		to	each	solu)on	changes	the	pH	
of	water	to	basic,	but	only	changes	the	pH	of	the	“special”	solu)on	a	)ny	bit.	



•  Predict what happens to the pH of water 
when 0.5 mL of 0.1 M NaOH(aq) is added. 

The pH of water will  
 
A.  not change. 
B.  decrease a lot. 
C.  increase a lot. 
D.  decrease a bit. 
E.  increase a bit 
	



Demonstra)on	

•  Compare	what	happens	to	the	pH	when	we	
add	1	mL	of	HCl(aq)	or	1	mL	of	NaOH(aq)	to	

•  Water	

•  A	solu)on	of	ace)c	acid	and	sodium	acetate	



Demonstra)on	

•  Compare	what	happens	to	the	pH	when	we	
add	1	mL	of	HCl(aq)	or	1	mL	of	NaOH(aq)	to	

•  Water			the	pH	changes	drama)cally	

•  A	solu)on	of	ace)c	acid	and	sodium	acetate,	
•  The	pH	does	not	change	or	changes	just	a	bit.	

hMps://www.youtube.com/watch?v=P-R-Cqvb5yo	



When 0.10 M acetic acid and 0.10 M sodium 
acetate solutions are mixed, write the equilibrium 
equation for this system. 



When 0.10 M acetic acid and 0.10 M sodium 
acetate solutions are mixed, write the equilibrium 
equation for this system. 

Conjugate	base	
(NaCH3CO2)	

Salt	of	the	weak	acid	

Weak	acid	
Ace/c	acid	

H3O+(aq)	+	CH3CO2
–(aq)	CH3CO2H(aq)	+	H2O(l)	



Who	is	this?	



When 0.10 M acetic acid and 0.10 M sodium 
acetate solutions are mixed, write the equilibrium 
equation for this system. 

Conjugate	base	
(NaCH3CO2)	

Salt	of	the	weak	acid	

Weak	acid	
Ace/c	acid	

H3O+(aq)	+	CH3CO2
–(aq)	CH3CO2H(aq)	+	H2O(l)	



When 0.10 M acetic acid and 0.10 M sodium 
acetate solutions are mixed, write the equilibrium 
equation for this system. 

Conjugate	base	
(NaCH3CO2)	

Salt	of	the	weak	acid	

Weak	acid	
Ace/c	acid	

H3O+(aq)	+	CH3CO2
–(aq)	CH3CO2H(aq)	+	H2O(l)	

The	ace)c	acid	can	be	thought	of	as	the	“Big	Dog”.		The	big	dog	
established	the	one	equilibrium	equa)on	in	the	yard.		When	we	
make	this	solu)on	we	start	with	ace)c	acid,	then	we	add	the	sodium	
acetate	to	the	yard.		The	sodium	acetate	can	be	thought	of	as	the	
“liMle	dog”.		The	sodium	acetate	fits	into	the	ini)al	equilibrium	
system	equa)on	established	by	the	big	dog.		The	big	dog	and	liMle	
dog	are	never	on	the	same	side	of	the	equilibrium	equa)on,	but	
they	are	in	the	same	yard.	



When 20 mL of .10 M acetic acid and 20 mL of .10 M 
sodium acetate solutions are mixed, estimate the pH of 
the resultant solution. 

A)		11.8				B)		8.4				C)	4.7			D)		2.4						



A	solu)on	is	made	having	ini)al	concentra)ons	of	0.10	MCH3COOH	
and	0.10	M	CH3COONa.	Calculate	the	pH	of	this	solu)on.	



When .10 M acetic acid and .10 M sodium acetate 
solutions are mixed, estimate the pH 

A)		11.8				B)		8.4				C)	4.7			D)		2.4						



Calculating pH 

The equilibrium constant expression is 

[H3O+]	[C2H3O2
-]	

[HC2H3O2]	
Ka	=	

HC2H3O2(aq)	+	H2O(l)																																							H3O+(aq)	+	C2H3O2
-(aq)	



Calculating pH 

We	next	set	up	a	table…	

[C2H3O2], M [H3O+], M [C2H3O2
-], M 

Initially 0.10 0 0.10 
Change 

At equilibrium 



Calculating pH of a special solution 

We	next	set	up	a	table…	

[C2H3O2], M [H3O+], M [C2H3O2
-], M 

Initially 0.010 0 0.010 
Change -x +x +x 

At equilibrium 



Calculating of a special solution 

We	next	set	up	a	table…	

[C2H3O2], M [H3O+], M [C2H3O2
-], M 

Initially 0.010 0 0.010 
Change -x +x +x 

At equilibrium 0.010 -x x 0.010 +x 



Calculating pH of a special solution 

We	next	set	up	a	table…	

[C2H3O2], M [H3O+], M [C2H3O2
-], M 

Initially 0.010 0 0.010 
Change -x +x +x 

At equilibrium 0.010 - x ≈ 0.010 x 0.010 + x ≈ 0.010 

We	can	assume	x	will	be	very	small	compared	to	0.010	and	therefore,	x	can	
be	ignored	when	adding	or	subtrac)ng	x.	

Since Ka = 1.8 × 10-5 



Calculating pH of a special solution 

(x)(0.010	+x)	
(0.010	-x)	1.8	×	10-5	=		

					(1.8	×	10-5)	=	x	=	[H3O+]	
	

	 						pH=	-	log[H3O+]	=	-log	{1.8	×	10-5	}		=	4.74				
	

[H3O+]	[C2H3O2
-]	

[HC2H3O2]	
Ka	=	

(x)(0.010)	
(0.010)	

=	 =		x	



When .10 M acetic acid and .10 M sodium acetate 
solutions are mixed, estimate the pH 

A)		11.8				B)		8.4				C)	4.7			D)		2.4						



Demonstra)on:	Adding	Acid	or	Base	to	a	solu)on	
containing	a	weak	acid	and	a	salt	of	the	weak	acid	

Conjugate	base	
(NaCH3CO2)	

Salt	of	the	weak	acid	

Weak	acid	
Ace/c	acid	

H3O+(aq)	+	CH3CO2
–(aq)	CH3CO2H(aq)	+	H2O(l)	

Addi)on	of	H3O+,	what	happens	to	the	pH?	Using	a	pH	meter	
The pH of of the solution will 
 
A.  not change. 
B.  decrease a lot. 
C.  increase a lot. 
D.  decrease a bit. 
E.  increase a bit 
	



Influence	of	adding	2	drops	of	acid	to	the	special	
solu)on.	

The	addi)on	of	2	drops	of	acid	to	each	solu)on	changes	the	pH	of	water	
to	acidic,	but	only	changes	the	pH	of	the	“special”	solu)on	at	)ny	bit.	

water	



Demonstra)on:	Adding	Acid	or	Base	to	a	solu)on	
containing	a	weak	acid	and	a	salt	of	the	weak	acid	

Conjugate	base	
(NaCH3CO2)	

Salt	of	the	weak	acid	

Weak	acid	
Ace/c	acid	

H3O+(aq)	+	CH3CO2
–(aq)	CH3CO2H(aq)	+	H2O(l)	

Addi)on	of	H3O+,	what	happens	to	the	pH?	
The pH of of the solution will 
 
A.  not change. 
B.  decrease a lot. 
C.  increase a lot. 
D.  decrease a bit. 
E.  increase a bit 
	



Demonstra)on:	Adding	Acid	or	Base	to	a	solu)on	
containing	a	weak	acid	and	a	salt	of	the	weak	acid	

Conjugate	base	
(NaCH3CO2)	

Salt	of	the	weak	acid	

Weak	acid	
Ace/c	acid	

H3O+(aq)	+	CH3CO2
–(aq)	CH3CO2H(aq)	+	H2O(l)	

Addi)on	of	some	OH–	,	what	happens	to	the	pH?	



Demonstra)on:	Adding	Acid	or	Base	to	a	solu)on	
containing	a	weak	acid	and	a	salt	of	the	weak	acid	

Conjugate	base	
(NaCH3CO2)	

Salt	of	the	weak	acid	

Weak	acid	
Ace/c	acid	

H3O+(aq)	+	CH3CO2
–(aq)	CH3CO2H(aq)	+	H2O(l)	

_____________	+	H3O+(aq)	
100%	

Addi)on	of	H3O+	,	which	species	reacts?	

Addi)on	of	some	OH–		,	which	species	reacts?	

___________	+	OH–(aq)	
100%	



Demonstra)on:	Adding	Acid	or	Base	to	a	solu)on	
containing	a	weak	acid	and	a	salt	of	the	weak	acid	

Conjugate	base	
(NaCH3CO2)	

Salt	of	the	weak	acid	

Weak	acid	
Ace/c	acid	

H3O+(aq)	+	CH3CO2
–(aq)	CH3CO2H(aq)	+	H2O(l)	

H2O(l)	+	CH3CO2H(aq)	CH3CO2	
–(aq)	+	H3O+(aq)	

100%	

Addi)on	of	H3O+	:	

Addi)on	of	OH–	:	

H2O(l)	+	CH3CO2
–(aq)	CH3CO2H(aq)	+	OH–(aq)	

100%	



H2O	

How the solution works 

HA	 ⇔ +	 H3O+	A−	A−	

Added	
H3O+	

new	
HA	

HA	



How the Solution Works: Addition of Acid 
HA(aq) + H2O(l) ⇔ A−(aq) + H3O+

(aq) 

•  This solution contains significant amounts 
of the conjugate base anion, A−.   

•  These ions combine with added acid, H+, to 
make more HA. 

H+(aq) + A−(aq) → HA(aq) 
•  After the equilibrium shifts, the 

concentration of H3O+ is kept constant.  



H2O	

HA	

How the solution works 

HA	 +	 H3O+	A−	

Added	
HO−	

new	
A−	

A−	



How the Solution Works: Addition of Base 
HA(aq) + H2O(l) ⇔ A−(aq) + H3O+

(aq) 

•  Apply Le Châtelier’s principle to the weak acid equilibrium. 

•  This solution solution contains a significant amount of the 
weak acid, HA . 

•  The HA molecules react with added base to neutralize it. 
HA(aq) + OH−(aq) → A−(aq) + H2O(l) 

 
–  You can also think of the H3O+ combining with the OH− to 

make H2O; the H3O+ is then replaced by the shifting 
equilibrium. 



Buffer Solutions 

•  Buffers are solutions of   
–  weak acid + salt of the 

weak acid or  
–  weak base + salt of the 

weak base  
•  conjugate acid–base 

pair. 
•  Buffer solutions are 

particularly resistant to 
pH changes, even 
when strong acid or 
base is added. 



Buffer Solutions 
 
•  Act by neutralizing acid or base added to the 

buffered solution. 

•  Contain either 
– Significant amounts of a weak acid and its conjugate 

base  (acidic buffer) 
– Significant amounts of a weak base and its conjugate 

acid  (alkaline buffer) 
 
The pH of Blood must be maintained within a narrow 
range.  Blood contains a buffer: a mixture of H2CO3 and 
HCO3

− 


