
Buffers & pH titrations 
Chapter 19 



Common Ion Effect 
§  Consider the extent of dissociation and the pH of 0.10 M 

acetic acid in: 

§  A) Otherwise pure water 

§  B) 0.050 M sodium acetate 

BUFFER 
Definition: a buffer is a solution that resists changes to pH. 



Henderson – Hasselbalch equation:       
A shortcut to buffer problems 

§  Consider the general reaction:   
      HA  +    H2O  ó  A-   +    H3O+  
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Derivation of the H-H Equation 



Buffer Preparation:  
Mixing a WA / WB Conjugate Pair 

1.  Calculate the pH of a buffer solution created by 
adding 1.00 g of sodium acetate to 100.0 mL of a 
0.100 M acetic acid solution. 

2.  What is the ratio of sodium carbonate and sodium 
bicarbonate required to prepare a solution with a 
buffered pH of 10.00?  

3.  What mass of K2HPO4 would be required to 
prepare a pH=7.00 buffer with 2.50 grams of 
KH2PO4? 



Buffer Preparation – Mixing a WB with a SA 
§  What is the pH of a buffer prepared by mixing  30.0 mL of 

a 0.200 M solution of aniline (C6H5NH2) with 25.00 mL of 
0.150 M HCl solution?  

1.  Analyze stoichiometry of the strong acid – weak base 
reaction.  (Assume it goes to completion.) 

2.  Perform equilibrium calculations (in other words, apply the 
H-H equation). 

3.  What will be the pH of the solution after the addition of 
15.0 mL of 0.100 M NaOH solution is added to the buffer. 

Buffer Performance 



Preparing Buffer Solutions 

§  The pH of a buffer system depends on the pKa of 
the acid form and the ratio of the conjugate acid 
and base forms of the buffer. 

§  What volume of 0.100 M HCl must be added to 
100.0 mL of a 0.075 M NH3 solution to make a     
pH = 9.60 buffer? 



Exceeding buffer capacity 

§  If enough strong acid or base is added to a buffer 
system to completely convert one form to the other, 
then the solution will no longer act as a buffer. 

 
§  At that point the addition of more of the SA or SB 

will result in more significant pH changes. 

§  When the buffering capacity of a solution is 
exceeded, the pH of the buffer can be calculated 
based on the mol of excess SA or SB and the total 
volume of the solution. 



Example – Buffer system and buffer capacity 
A buffer solution is prepared by mixing 50.0 mmol benzoic acid 

(C6H5CO2H) and 25.0 mmol sodium benzoate in enough 
water to make 100.0 mL of solution. 

1.  What is the pH of the solution? 

2.  What will be the pH of the solution when 10.0 mL of a 1.0 
M NaOH solution is added to the buffer? 

3.  Considering the above buffer (from #1).  What would be 
the pH when a TOTAL of  60.0 mL of the 1.00 M NaOH 
solution were added? 



Buffer Range 

§  A buffer system is generally effective for 
maintaining pH over a range of +/- 1 pH unit from 
the pKa of the acid conjugate. 

§  For example, acetic acid has a pKa = 4.74 

§  An acetate buffer (a mixture of acetic acid and 
acetate ion) will have an effective pH range of    
~ 3.74 – 5.74. 

§ What is the ratio of base:acid for these pH’s? 

  



Selecting a Buffer System 

§  To prepare a buffer of a desired pH, you must 
select an appropriate acid-base conjugate pair. 

§  What is a good buffer system to use for a pH = 7.00 
buffer? 

§  What is a good buffer system to use for a  
 pH = 10.00 buffer? 



Titration of a Strong Acid  
with a Strong Base 

§  At the equivalence point, 
just enough OH- ion has 
been added to fully react 
with the HCl initially 
present. 



Titration of a 
Strong Acid with 
a Strong Base 

§  Before the equivalence 
point, the pH of the solution 
is determined by the 
amount of excess acid (H+) 
in the solution. 

§  At the equivalence point, 
there is no excess acid or 
base, so the pH of the 
solution is governed by the 
autoionization of water. 

§  Beyond the equivalence 
point, the pH of the solution 
is governed by the excess 
of base, (OH-). 



Titration of a Weak Acid with a Strong Base 
§  Consider the titration of 50.0 mL 0.10 M acetic acid with 

0.10 M sodium hydroxide and its representation below: 



pH - Before the Titration 

§  The pH of the solution before titration is the pH of 
the weak acid solution. 
 Determine the pH of a 0.10 M acetic acid solution. 



pH – At the Equivalence Point. 

§  The pH of the solution at the equivalence point is 
dependent on the pH of the conjugate base of the 
weak acid. 
§ What volume of NaOH is required to fully titrate 

the solution? 

§ What will be the [OAc-] at the equivalence point? 

§ Calculate the pH at the equivalence point. 
 



pH – the Buffer Region 

§  The pH of the solution in the buffer region can be 
determined by the Henderson-Hasselbach 
equation. 
§ Calculate the pH after the addition of 15.0 mL of 

the NaOH solution. 

§ Calculate the pH after the addition of 45.0 mL of 
the NaOH solution. 

 



pH – Halfway to the Equivalence Point 
§  The pH of the solution halfway to the equivalence 

point is equal to the pKa of the acid for of the acid/
base pair. 
 Confirm that pH = pKa after the addition of 25.0mL 
of the NaOH. 



pH – Beyond the Equivalence Point 

§  The pH of the solution beyond the equivalence 
point depends only on the excess base. 
 Calculate the pH of the solution after a total of 55.0 
mL of the base has been added to the original 
solution. 



Weak Base / Strong Acid titration 
§  We will next consider the titration of a weak base with a 

strong acid.   
§  The plot of a WB / SA titration will be similar to the WA / SB, 

but will slope in the opposite direction. 
 

  
Weak Base (before titration) 

Buffer Region 

Excess SA 



Titration of Dimethylamine 
Consider the titration of a 30.0-mL sample of a 0.040 M solution of 
dimethylamine, (CH3)2NH, Kb = 5.9 x 10-4, with a 0.025 M solution of HCl. 

A.  What will be the pH of the solution before the titration begins?  

B.  What will be the pH of the solution when 10.0 mL of HCl solution has 
been added? 

C.  What will be the pH of the solution when 35.0 mL of HCl solution has 
been added? 

D.  What volume of HCl solution will be required to reach the equivalence 
point?  

E.  What will be the pH of the solution at the equivalence point? 

F.  What volume of HCl solution will have been added when the pH = pKa  
of the acid form? 

G.  What will be the pH of the solution when 50.0 mL of the HCl solution  
has been added? 



Titration of a diprotic acid 

§  In the titration of a diprotic acid, you must consider  each 
dissociation separately. 

§  Consider the titration of a generic weak diprotic acid, H2A: 
  

 Step 1:  H2A  +  NaOH  à  H2O + HA-  +  Na+ 

  

 Step 2:  HA-   +  NaOH  à  H2O +  A2-  +  Na+ 
 
§  If Ka1 and Ka2 are significantly different, Step 1 must occur 

essentially 100% before step 2 occurs in a significant 
amount. 

 



Titration of a diprotic acid 

§  In the titration of a 
diprotic acid, the plot 
of volume of base 
added vs. pH will 
show two separate 
buffer regions. 

§  Each buffer region 
corresponds to one of 
the two possible acid-
base conjugate pairs: 

  H2A  /  HA- 

     HA-  / A2-   

Titration of oxalic acid, 
H2C2O4 with NaOH 



Titration of H2SeO3 

1.  Will be the pH of the selenous acid solution before the titration begins?  

2.  What will be the pH of the solution after 12.0 mL of NaOH is added? 

3.  What volume of NaOH will be required to convert all of the H2SeO3 to 
the HSeO3

- ion (the 1st equivalence point)? 

4.  What is the pH at the 1st equivalence point?       pH=1/2 (pKa1+pKa2) 

5.  What will be the pH of the solution when 45.0 mL of NaOH has been 
added? 

6.  What will be the pH of the solution after 55.0 mL of NaOH is added? 

7.  What volume of NaOH will be required to convert all of the original 
H2SeO3 to the SeO3

2- ion? 

8.  What will be the pH of the solution at the 2nd (overall) equivalence point? 

A 10.0-mL sample of a 0.30 M solution of H2SeO3 is titrated with a 
0.10 M NaOH solution.      Ka1 = 2.7 x 10−3  Ka2 = 2.5 x 10−7  

 



pH indicators 

§  A pH indicator is generally a weak organic acid (or 
base) that is a different color than its conjugate. 
     

    HIn ó In- + H+ 
 
§  pH indicators are used in very small amounts so 

that they do not affect the pH of the solution. 
§  A pH indicator should change colors over a range 

near the equivalence point. 



pH indicators 



Bromthymol Blue 



Selecting a pH indicator – SA / SB 



Selecting a pH indicator – WA / SB 



Selecting a pH indicator – WB / SA 


