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COMMON ION EFFECT  

 
¶ Common ion effect is the shift in equilibrium caused by the addition of an ion that takes part in 

the equilibrium. 

 
¶ For example, consider the effect of adding HCl to a solution of acetic acid.  Since HCl is a strong acid, 

it ionizes completely to produce H3O
+, which then suppresses the ionization of the acetic acid due to  

Le Chatelierôs principle: 

HCl (aq)   +  H2O (l)       H3O
+ (aq)    +      Cl- (aq) 

 

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

- (aq) 

 
¶ The net result of adding HCl to a solution of acetic acid is to decrease the degree of ionization.  This 

decrease can be quantified as shown below: 

 
Examples: 

1. Calculate the degree of ionization of benzoic acid, HC7H5O2 in a 0.15 M solution to which 

sufficient HCl is added to make it 0.010 M.  Compare the degree of ionization to that of 0.15 M 

benzoic acid with no HCl added (Ka of benzoic acid = 6.3 x 10-5) 

 

Calculate the degree of ionization of benzoic acid (HC7H5O2) with no HCl added: 

 

   HC7H5O2 (aq)   +     H2O (l)        H3O
+(aq)   +    C7H5O2

- (aq) 

Initial 0.15 ---- 0 0 

B ïx ---- +x +x 

Equilibrium 0.15ïx ----- x x 

 

            
+

3 7 5 2
a

[H O ][C H O
K  = 

2

7 5 2

] x
= 

[HC H O ] 0.15

2x
 = 6.3 x 10

x 0.15

5   

 

     x = [C7H5O2
-] = 3.07 x 10-3    

 

                                                     [C7H5O2
-]                  3.07 x 10-3 

Degree of Ionization % = ½½½½½ x 100 =  ½½½½½ x 100 = 2.0%    

                                                     [HC7H5O2]                    0.15 
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Examples (contôd): 

 

Calculate the degree of ionization of benzoic acid (HC7H5O2) with HCl added (0.010 M): 

 

   HC7H5O2 (aq)   +     H2O (l)        H3O
+(aq)   +    C7H5O2

- (aq) 

Initial 0.15 ---- 0.010 0 

B ïx ---- +x +x 

Equilibrium 0.15ïx ----- x x 

 

       
+

3 7 5 2
a

[H O ][C H O
K  = 

7 5 2

] (0.010+ x) x
= 

[HC H O ] 0.15
 

x
 

 
Assumptions:  0.010 + x º 0.010   0.15 ï x º 0.15 

 

-5

a

0.010 x
K  =  = 6.3x10

0.15
  x = [C7H5O2

-] = 9.45 x 10-4                      

 

                                         [C7H5O2
-]                 9.45 x 10-4 M 

Degree of Ionization = ½½½½½ x 100 = ½½½½½½ x 100 = 0.63 %  

                                        [HC7H5O2]                     0.15 M 

 

NOTE:  0.63 % <<<<<<< 2.0%   

                                               (with HCl) (without HCl) 

 
2. Calculate the pH of a 0.10 M solution of hydrofluoric acid (HF) to which sufficient NaF is added to 

make the concentration of NaF 0.20 M. (Ka of HF = 6.8 x 10-4) 



Chemistry 102     Chapter 17 

3  

BUFFERS 
 

¶ Buffers are solutions that have the ability to resist changes in pH when limited amounts of acid 

or bases are added to it. 

 

¶ What does a buffer do?  Consider the solution below: 

 

Solution 
1 L pure water 

pH = 7.00 
1L buffered solution 

pH = 9.43 

Addition 
0.01 mol HCl 

pH changes to 2.00 

0.01 mol HCl 

pH changes to 9.33 

Change in pH 7.00ï2.00 = 5.00 9.43ï9.33 = 0.10 

 
¶ Types of buffer solutions:  There are two types of buffer solutions: 

 

1. Solution of a weak acid and its conjugate base        (HC2H3O2  and    NaC2H3O2) 

 

2. Solution of a weak base and its conjugate acid         (NH3      and      NH4Cl) 

 

¶ How do  buffers function? 

Type 1: 

 

H3O+ (aq)   +    A- (aq)  ½½>      HA (aq)   + H2O (l) 

 

 

           H3O
+ 

            HA              Aï                      HA              Aï 

 

 

Results: ü H3O+ is used up ü little change in pH 

 

 

OH-(aq)    +  HA(aq)  ½½>     A-(aq) +    H2O(l) 

 

           

        OHï 

       HA             Aï    HA           Aï 

 

 

Results: ü OHï is used up ü little change in pH 
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BUFFERS 
 

Type 2: 

H3O+ (aq)    +  B (aq)      ½½>   HB+ (aq) +     H2O (l) 

 

 
 

            H3O
+ 

    B            HB+           B                HB+ 

 

Results: ü H3O+ is used up ü little change in pH 

 

OH- (aq)    +  HB+ (aq) ½½>    B (aq)    + H2O (l) 

 

 

 

  

             OHï                 B 

    B                  HB+                          HB+ 

 
 

Results: ü OHï is used up ü little change in pH 

  
SUMMARY:  

ü Buffers resist pH change. 

ü A buffer contains significant amounts of either 1) a weak acid and its conjugate base, or  

2) a weak base and its conjugate acid. 

ü The weak acid neutralizes added base. 

ü The base neutralizes added acid. 

 
Examples: 

1.  Which solution is a buffer? 

 

a) a solution that is 0.100 M HNO2 and 0.100 M HCl 

 

b) a solution that is 0.100 M HNO3 and 0.100 M NaNO3 

 

c) a solution that is 0.100 M HNO2 and 0.100 M NaCl 

 

d) a solution that is 0.100 M HNO2 and 0.100 M NaNO2 
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CALCULATING pH OF BUFFER SOLUTIONS 
 

¶ pH of buffer of solutions can be calculated similar to the calculations done for common ions 

problems.  Examples below demonstrated these calculations. 

Examples: 

1. A buffer solution is prepared to be 0.10 M acetic acid (HC2H3O2) and 0.20 M sodium acetate 

(NaC2H3O2).  What is the pH of this buffer system at 25oC (Ka of acetic acid = 1.7 x 10-5) 

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

- (aq) 

Initial 0.10 ---- 0 0.20 

B ïx ---- +x +x 

Equilibrium 0.10ïx ----- x 0.20 + x 

 

 
+

3 2 3 2
a

[H O ][C H O
K  = 

2 3 2

]  x (0.20 + x)
= 

[HC H O ] (0.10

0.20 x
= 1.7 x 10

x) 0.10

5   

 

   x = [H3O
+] = 8.5 x 10-6          pH = - log (8.5 x 10-6 ) = 5.07  

 
2. Calculate the pH of a buffer that is 1.00 M in NH3 and 0.80 M in NH4Cl.  (Kb for NH3 = 1.8x10ï5) 

 
    

 

Initial     

B     

Equilibrium     
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HENDERSON ï HASSELBALCH EQUATION  
 

¶ In order to simplify the calculations for pH of buffer solutions, an equation can be derived that 

relates pH of the solution to the initial concentration of the buffer components. 

 

¶ Consider a buffer containing the weak acid HA and its conjugate base Aï: 

 

HA(aq)   + H2O     H3O
+(aq)    +  A-(aq) 

 

    
+ -

3
a

[H O ][A ]
K  = 

[HA]
              rearranging,  +

3 a -

[HA]
[H O ] = K  

[A ]
 

 

¶ Although [HA] and [Aï] in the equation above are equilibrium concentrations, when ionization of 

the acid is small (x compared to the initial concentration), these can be nearly identical to the initial 

concentrations of HA and Aï.   

 

¶ Therefore, the H3O
+ concentration for a buffer solution can be calculated by multiplying the Ka with 

the ratio of the weak acid and the conjugate base. 

 

 

¶ Note that when the concentrations of the weak acid (HA) and the conjugate base (Aï) are equal, 

[H3O
+] becomes equal to the Ka: 

 

+

3 a -

[HA]
[H O ] = K  

[A ]
  if      [HA] = [Aï],   then    [H3O

+] = Ka 

 

¶ Taking negative logs of both sides of the equation above: 

 

+

3log [H O ] = a

[HA]
log K  x 

[A
 = 

]
alog K  

[HA]
log 

[A ]
 

                                                                               

 
          pH                               pKa  

 

 
-

a

[A ]
pH =  pK  + log 

[HA]
   a

[base]
pH =  pK  + log 

[acid]
 

 

 

Henderson-Hasselbalch Equation  
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HENDERSON ï HASSELBALCH EQUATION  
 

¶ The Henderson-Hasselbalch Equation can be used for both type of buffers. 

 

¶ To prepare a buffer with a specific pH: 

 

ü A weak acid and its conjugate base must be found for which the pKa of the weak 

acid  is close to the desired pH. 

ü The pH value is fine-tuned using the acid-base ratio 

 
Examples: 

1. A buffer with a pH of 4.90 is desired.  Would acetic acid/acetate be a suitable buffer system? 

 

      Ka(HC2H3O2) = 1.8 x 10-5   

      pKa = - log (1.8 x 10-5) = 4.74 

This is relatively close to the desired pH (4.74 versus 4.90).  The pH may be increased by 

increasing the ratio:  
-

2 3 2

2 3 2

[C H O ]

[HC H O ]
 

2. Calculate the pH of a buffer containing 0.10 M NH3 and 0.2 M NH4
+.  (Kb for NH3 = 1.8 x 10ï5) 

 
 

 

 

 

 

 

 

 

 

3. A buffer contains the weak acid HA and its conjugate base Aï.  The weak acid has a pKa of 

4.82 and the buffer has a pH of 4.25.   

a)  Which statement below is correct? 

 

[HA]  >  [Aï]                   [HA]  <  [Aï]              [HA]  =  [Aï] 

 

b) Which buffer component would you add to change the pH of the buffer to 4.72? 
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ADDITION OF ACID OR  BASE TO A BUFFER 

 
¶ Addition of acid or base to a buffer will cause a slight change in pH.  This change in pH can be 

calculated by breaking the problem into two parts: 

 

1. Stoichiometry calculation to calculate the changes in relative amounts of acid and 

conjugate base after the addition. 

 

2. Equilibrium calculation to calculate the pH based on the new amounts of acid and 

conjugate base. 

 

Examples: 

1. A 1.0 L buffer solution contains 0.100 mol of HC2H3O2 (Ka = 1.8x10ï5) and 0.100 mol of 

NaC2H3O2.  Calculate the pH of this buffer solution before and after addition of 0.010 mol of 

solid NaOH. (Assume no volume change occurs after addition of base) 

 
Calculate the pH of the buffer solution before addition of NaOH: 

 
-

a

[A ] 0.100
pH =  pK  + log = 4.74 + log = 4.74

[HA] 0.100
 

 

Calculate the pH of the buffer solution after addition of 0.010 mol NaOH: 

 

Stoichiometry calculation: 

 

         OHï      +      HC2H3O2     ½½     C2H3O2
ï          +    H2O 

Initial 0.010 mol 0.100 mol 0.100 mol ----- 

D ï0.010 mol ï0.010 mol  +0.010 mol ----- 

End 0.00 0.090 mol 0.110 mol ------ 

 

Equilibrium calculation: 

 

    HC2H3O2    +     H2O    ½½    H3O
+         +         C2H3O2

ï 

Initial 0.090 M ---- 0 0.110 M 

B ïx ---- +x +x 

Equilibrium 0.090 ï x ----- x 0.110 + x 

 
-

a

[A ] 0.110
pH =  pK  + log = 4.74 + log = 4.83

[HA] 0.090
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ADDITION OF ACID OR  BASE TO A BUFFER 
 

Examples (contôd): 

2. Calculate the pH of the solution in example 1 after addition of 2.5 mL of 1.00 M HCl to 275 mL 

of the original buffer. 

 

Step 1: Calculate the mmol of the species involved before addition: 

 

2 3 2

-

2 3 2

1.00 mol
mmol HCl = 2.5 mL x = 2.5 mmol

1 L

0.100 mol
mmol HC H O  = 275 mL x = 27.5 mmol

1 L

0.100 mol
mmol C H O  = 275 mL x = 27.5 mmol

1 L

  

Step 2: Calculate the mmol of the species involved after addition: 

 

All of the H3O
+ reacts with the C2H3O2

- ion: 

 

      H3O
+       +    C2H3O2

ï      ½½     HC2H3O2            +       H2O 

Initial 2.5 mmol 27.5 mmol 27.5 mmol ----- 

Change (D) ï2.5 mmol ï2.5 mmol  +2.5 mmol ----- 

End 0 25.0 mmol 30.0 mmol ------ 

 

Step 3: Calculate the initial concentrations of the species involved before equilibrium: 

     
Total Volume of Solution = 275 mL buffer  +  2.5 mL HCl = 277.5 mL 

 

2 3 2

30.0 mmol
[HC H O ] = = 0.108 M

277.5 mL
  -

2 3 2

25.0 mmol
[C H O ] = = 0.0901 M

277.5 mL
 

 

Step 4 : Calculate  pH: 

 
-

a

[A ] 0.0901
pH =  pK  + log = 4.74 + log = 4.66

[HA] 0.108
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BUFFER EFFECTIVENESS 
 

¶ A buffer is most effective (most resistant to pH change) when the concentration of acid and the 

conjugate base are nearly equal.  For example, consider two buffers composed of HA and Aï 

with pKa = 5.00, but differing acid to conjugate base ratios shown below: 

 
-

-

[A ] 0.10 M
Buffer A      = = 1

[HA] 0.10 M

[A ] 0.02 M
Buffer B       = = 0.1

[HA] 0.18 M

 

 

¶ If 0.020 mol NaOH is added to each of the above buffers, what would be the percent change in 

pH of each buffer?  The initial pH of each buffer can be calculated using the Hendersonï

Hasselbalch equation, and determined as 5.00 for buffer A and 4.05 for buffer B. 

 

¶ The change in pH of each buffer after addition of NaOH is shown below: 

 

Buffer A: 

  
-

a

[A ]
pH =  pK  + log 

[HA]

0.110
      = 5.00 + log = 5.09

0.090

5.09-5.00
% change = x100 = 1.8%

5.00

 

 

 

Buffer B: 
-

a

[A ]
pH =  pK  + log 

[HA]

0.030
      = 5.00 + log = 4.25

0.17

4.25-4.05
% change = x100 = 5.0%

4.05

  

 

¶ A buffer becomes less effective as the difference in relative amounts of acid and conjugate 

base increases.  In order for a buffer to be reasonably effective, the relative concentrations of 

acid and conjugate base should not differ by a factor of more than 10. 
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BUFFER EFFECTIVENESS 

 

¶ Buffer effectiveness is also affected by the absolute concentrations of the acid and conjugate 

base.  For example, consider two buffers composed of HA and Aï with pKa = 5.00, with same 

conjugate base to acid ration, but differing absolute concentrations shown below: 

 
-

-

[A ] 0.50 M
Buffer A      = = 1

[HA] 0.50 M

[A ] 0.050 M
Buffer B       = = 1

[HA] 0.050 M

 

 

¶ If 0.020 mol NaOH is added to each of the above buffers, what would be the percent change in pH 

of each buffer?  Because both solutions have equal concentrations of the acid and conjugate base, 

they both have initial pH of 5.00.   

 

¶ The change in pH of each buffer after addition of NaOH is shown below: 

 

Buffer A: 

 
-

a

[A ]
pH =  pK  + log 

[HA]

0.51
      = 5.00 + log = 5.02

0.49

5.02-5.00
% change = x100 = 0.4%

5.00

Buffer B: 
-

a

[A ]
pH =  pK  + log 

[HA]

0.060
      = 5.00 + log = 5.18

0.040

5.18-5.00
% change = x100 = 3.6%

5.00

 

¶ A buffer becomes with greater amount of acid and conjugate base is more resistant to pH 

changes and therefore the more effective buffer.  The more dilute the buffer components, the 

less effective the buffer. 
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BUFFER RANGE 
 

¶ Earlier it was stated that for a buffer to be effective, the relative concentrations of the acid 

and conjugate base should not differ by more than a factor of 10. 

 

¶ Using the Henderson-Hasselbalch, we can calculate the pH range over which a particular 

acid and its conjugate base can make an effective buffer.  The outermost points of the 

effective buffer range can be calculated as follows: 

 

Lowest pH  
[base]

pH = pKa + log = pKa + log 0.1 = pKa -1
[acid]

 

Highest pH  
[base]

pH = pKa + log = pKa + log 10 = pKa +1
[acid]

 

 

¶ The effective range for a buffering system is one pH unit on either side of the pKa.  For 

example, a weak acid with a pKa of 5.0 (and its conjugate base) can be used to prepare a 

buffer in the range of 4.0-6.0.  The relative amounts of the acid and conjugate base can be 

used to prepare any pH within this range. 

 

Examples: 

1. Which acid, from the list below, would you choose to create a buffer with a pH of 7.35.  

What mass of the corresponding sodium salt would you need to add to 500.0 mL of 0.10 M 

acid solution to prepare this buffer?  

 

HClO2  pKa = 1.95  HCHO2 pKa = 3.74 

HNO2  pKa = 3.34  HClO  pKa = 7.54 

 

 

 

 

 

 

 

 

 

 

2. Which solution is the most effective buffer? 

 

a) A solution prepared by mixing 150 mL of 0.10 M HCl and 150 mL of 0.1M NaCl. 

 

b) A solution prepared by mixing 100 mL of 0.10 M HF and 200 mL of 0.1M NaF. 

 

c) A solution prepared by mixing 150 mL of 0.10 M HF and 150 mL of 0.1M NaF. 

 

d) A solution prepared by mixing 200 mL of 0.10 M HF and 100 mL of 0.1M NaF. 
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PREPARATION OF BUFFER SOLUTIONS 
 

¶ Buffer solutions can be prepared by a variety of methods in the laboratory.  Shown next are several 

examples with different methods of preparation.  The general method outlined below can be used to 

calculate the pH of these buffer solutions: 

 

1. Calculate the initial molarities of weak acid and conjugate base solutions after mixing. 

2. Use HendersonïHasselbalch equation to calculate the pH of the buffer from Ka and 

concentrations calculated in step 1. 

 

 

Examples: 

1. What is the pH of a buffer made by mixing 3.00 L of 0.020 M benzoic acid (HC7H5O2) with 

1.00 L of 0.050 M sodium benzoate (NaC7H5O2) ?  Ka of benzoic acid = 6.3 x 10-5 

 

Step 1: Calculate the initial molarities of solutions: 

 

7 5 2

0.020 mol 1
Initial molarity HC H O  = 3.00 L x x = 0.015 M

1.00 L 4.00 L
 

7 5 2

0.040 mol 1
Initial molarity of NaC H O = 1.00 L x x = 0.010 M

1.00 L 4.00 L
 

 
Step 2: Calculate pH from Ka: 

         
-

a

[A ] 0.010
pH =  pK  + log = 4.20 + log = 4.02

[HA] 0.015
 

 
2. A buffer is prepared by adding 115 mL of 0.30 M NH3 to 145 mL of 0.15 M NH4NO3.  What 

is the pH of the final solution?  (Kb of ammonia = 1.8 x 10-5) 
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Examples (contôd): 

3. Calculate the pH of a solution prepared by mixing 400. mL of a 0.200 M acetic acid solution and 

100. mL of a 0.300 M sodium hydroxide solution. (Ka acetic acid = 1.8x10-5) 

 

Note:  NaOH is a strong base, and reacts with acetic acid to form sodium acetate.  If an appreciable 

amount of excess acetic acid is still present after the NaOH has reacted, the excess acetic acid 

and the newly formed sodium acetate form a buffer solution.  

 

HC2H3O2    +    NaOH               NaC2H3O2  +  H2O 

 

 

Step 1: Calculate the amount of acetic acid neutralized: 

 

  mmol of acetic acid =  
0.200 mol

400. mL x = 80.0 mmol
1.00 L

 

 

  mmol of NaOH =  
0.300 mol

100. mL x = 30.0 mmol
1.00 L

 

 

     HC2H3O2         +       NaOH          NaC2H3O2     +           H2O 

Initial 80.0 30.0 0 ---- 

B    ---- 

End    ---- 

 

Step 2: Calculate the concentration of species present after neutralization: 

 

2 3 2
2 3 2

mmol HC H O
Conc. of HC H O  = = 

mL solution
   

 

2 3 2
2 3 2

mmol NaC H O
Conc. of NaC H O  = = 

mL solution
 

 

Step 3: Calculate pH from Ka: 
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Examples (contôd): 

4. Which solution is the most effective buffer? 

 

a) A solution prepared by mixing 150 mL of 0.10 M HCl and 150 mL of 0.10 M NaOH. 

 

b) A solution prepared by mixing 200 mL of 0.10 M HF and 100 mL of 0.10 M NaOH. 

 

c) A solution prepared by mixing 150 mL of 0.10 M HF and 100 mL of 0.10 M NaOH. 

 

d) A solution prepared by mixing 100 mL of 0.10 M HF and 200 mL of 0.10 M NaOH. 

5. You are instructed to prepare 100.0 mL of a buffer solution with a pH of 7.40.  You have 

available 75 mL of 3.0 M stock solution of KH2PO4 and 5.0 g of K2HPO4.   Develop a plan to 

prepare this buffer solution from the given materials. (Ka for H2PO4
ï = 6.3x10ï8) 

Step 1:  Calculate [Aï]/[HA] using Hernderson-Hasselbalch equation: 

 

 

 

 

 

Step 2:  Assuming 100.0 mL of buffer solution and nominal amount of available salt (3-4 g), 

calculate [Aï] and [HA] in the buffer solution: 

 

 

 

 

 

 

 

 

 

 

 

 

Step 3:  Using [HA] calculated in step 2, calculate the amount of stock HA required to prepare 

1.0 L of buffer: 
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ACIDïBASE TITRATION CURVES  
 

¶ Titration is a procedure for determining the amount of acid (or base) in a solution by determining 

the volume of base (or acid) of known concentration that will completely react with it. 

 

¶ In titration, the known solution is slowly added to the unknown one, while the pH is monitored 

with either a pH meter or an indicator.  As the acid and base combine, they neutralize each other.  

At the equivalence pointïthe point when the number of moles of base is stoichiometrically 

equivalent to the number of moles of acidïthe titration is complete. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¶ Acidïbase titration curve is a plot of the pH of a solution of acid (or base) against the volume of 

added base (or acid). 

 

¶ In the next few sections we will examine the specifics of titration for the following 3 cases: 

 

1. Titration of strong acid with strong base 

 

2. Titration of weak acid with strong base 

 

3. Titration of weak base with strong acid 
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TITRATION OF A STRON G ACID BY A STRONG BASE 
 

¶ Consider the titration of 25.0 mL of 0.100 M HCl with 0.100 M NaOH.  We begin by calculating 

the volume of base required to reach equivalence point, and evaluate the pH at several points 

during the titration. 

 

HCl (aq)     +        NaOH (aq)     NaCl (aq) + H2O (aq) 

          

 0.100 M        0.100 M 

           25.0 mL          ? mL 

 
¶ Volume of NaOH needed to reach equivalence point can be calculated as shown below: 

 

0.100 mol
mmol of HCl = 25.0 mL x = 2.50 mmol

1L

mmol of NaOH = mmol of HCl = 2.50

1 L
mL of NaOH = 2.50 mmol x = 25.0 mL

0.100 mol

  

 

¶ The titration curve for this titration is shown below.  Note that the pH changes slowly initially as 

base is added, and changes rapidly as equivalence point is approached. 
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TITRATION OF A STRON G ACID BY A STRONG BASE 
 

Summary: 

ü The initial pH is the pH of the strong acid being titrated. 

ü Before equivalence point, H3O
+ is in excess.  The [H3O

+] at any of these points can be 

calculated by subtracting moles of OHï added from initial mole of H3O
+ present, and 

dividing by total volume. 

ü At equivalence point, only salt is present.  Since conjugate salt of a strong acid and a strong 

base is pH neutral, the pH at this point is 7.00. 

ü Beyond equivalence point, OHï is in excess and pH is determined by amount of excess OHï 

present after neutralization of all the acid. 

 

Examples: 

1.  A 50.0 mL sample of 0.200 M NaOH is titrated with 0.200 M HNO3.  Calculate the pH: 

a)  after adding 30.0 mL of HNO3 

 

 

 

 

 

 

 

 

 

b) at equivalence point. 

 

 

 

 

2. A 30.0 mL sample of 0.100 M HCl is titrated with 0.120 M NaOH.  Calculate the pH after 

addition of 20.0 mL of NaOH. 
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TITRATION OF A WEAK ACID BY A STRONG BASE 
 

¶ Consider the titration of 25.0 mL of 0.100 M HC2H3O2 with 0.100 M NaOH.  We begin by 

calculating the volume of base required to reach equivalence point, and evaluate the pH at 

several points during the titration. 

 

HC2H3O2 (aq)     +  NaOH (aq)     NaCl (aq) + H2O (aq) 

          

  0.100 M              0.100 M 

 25.0 mL                 ? mL 

 
¶ Volume of NaOH needed to reach equivalence point can be calculated as shown below: 

 

0.100 mol 1 mol NaOH 1 L
mL of NaOH = 25.0 mL HA x  x  x = 25.0 mL

1L 1 mol HA 0.100 mol
  

 

¶ The titration curve for this titration is shown below.  Note that the initial pH of this titration is 

higher compared to the strong acid since weak acids ionize less.  The pH changes slowly as base is 

added (buffer range) , and changes rapidly as equivalence point is approached. 

 

¶ At equivalence point only salt is present.  However, since the salt is composed of the conjugate base 

of a weak acid, it hydrolyzes to a basic solution and therefore the pH at equivalence point is slightly 

above 7.00 
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TITRATION OF A WEAK ACID BY A STRONG BASE 
 

¶ To further illustrate the differences between titration of strong and weak acids by a strong base, 

consider the family of titration curves shown below.  These differences can be summarized as: 

 

ü The initial pH of the weak-acid solution is always 

higher than that of the strong acid solution of the 

same concentration. 

 

ü The pH changes near the equivalence point become 

less marked as the acid becomes weaker (Ka 

decreases). 

 

ü The pH at equivalence point steadily increases as 

the acid becomes weaker (due to hydrolysis of the 

conjugate base). 

 

 

 

 

 

 

 

 

 

Summary: 

ü The initial pH is that of a weak acid and is calculated by working an equilibrium problem for 

ionization of a weak acid. 

ü Between the initial pH and the equivalence point, the solution becomes a buffer. pH can be 

calculated by using the reaction stoichiometry to calculate concentrations of the buffer 

component and using the HendersonïHasslebalch equation. 

ü At equivalence point, only salt is present.  pH can be calculated by first using reaction stoi-

chiometry to determine concentration of salt anion present in solution, and then an equilibrium 

problem for the hydrolysis of the anion. 

ü Past equivalence point, excess strong base is present and pH is determined by amount of OHï 

ions present after neutralization of all the acid. 
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Examples: 

1. A 40.0 mL sample of  0.100 M HNO2 (Ka = 4.6x10ï4) is titrated with 0.200 M KOH.  Determine 

the pH after addition of  

a)  5.00 mL of KOH. 

 

 

 

 

 

 

 

 

b) at equivalence point. 

 

 

 

 

 

 

 

2. 60.0 mL of 0.100 M acetic acid (Ka = 1.8x10ï5) is titrated with 0.150 M NaOH.  Determine the 

pH of solution after addition of (a) 20.0 mL of base, and (b) at equivalence point. 
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TITRATION OF A WEAK BASE BY A STRONG ACID  
 

¶ The curve for the titration of a weak base by a strong acid is shown below.  Calculations for pH for 

this titration are very similar to that of a weak acid by as strong base.   

 

¶ The main differences are that the pH starts at a high value (solution is basic at start) and the solution 

is acidic at equivalence point (conjugate acid of a weak base will hydrolyze to produce an acidic 

solution). 

 

¶ Also note that the point at which all the strong acid reacts with half of the initial base (1/2 

equivalence point) at which the pH is equal to the pKa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examples: 

1. What is the pH at the equivalence point when 35 mL of 0.20 M ammonia is titrated by 

0.12 M HCl? (Kb for NH3 is 1.8 x 10-5) 
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TITRATION OF A POLYP ROTIC  ACID  

¶ When a weak diprotic acid is titrated with a strong 

base, if Ka1 and Ka2 are sufficiently different, the 

titration curve will have two equivalence points.  

For example, the curve below shows the titration of 

H2SO3 with NaOH. 

 

 

 

¶ Note that the volume of base required to reach the 

first equivalence point is equal to the volume 

required to reach the second equivalence point.  

This is so, because the number of moles of H2SO3 

in the first ionization determines the number of 

moles of HSO3
ï in the second ionization. 

 

 

H2SO3 (aq)     H+ (aq)  +  HSO3
ï (aq)  Ka1 = 1.6x10ï2 

 

HSO3
ï (aq)      H+ (aq)   +  SO3

2ï (aq)  Ka2 = 6.4x10ï8 

 

 

Examples: 

1.  Consider the three titrations below: 

 

(A)  Titration of 25.0 mL of a 0.100 M monoprotic weak acid with 0.100 M NaOH 

 

(B)  Titration of 25.0 mL of a 0.100 M diprotic weak acid with 0.100 M NaOH 

 

(C) Titration of 25.0 mL of a 0.100 M strong acid with 0.100 M NaOH 

 

Which statement below is most likely to be true? 

 

a)  All three titrations have the same initial pH. 

 

b) All three titrations have the same pH at their first equivalence point. 

 

c) All three titrations require the same volume of NaOH to reach their first equivalence 

point. 
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INDICATORS  
 

¶ The pH changes in a titration can be monitored by a pH meter or an indicator.  When choosing 

and using an indicator, a change in color (called endpoint) should occur at the equivalence point.   

 

¶ The diagram below shows such change for titration of 0.100 M acetic acid with 0.100 M NaOH 

using phenolphthalein as an indicator. 

  

  

  

  

  

  

  

 

 

 

 

 

 

 

  

¶ An indicator itself is a weak organic acid that is a different color than its conjugate base.  For 

example, phenolphthalein is a common indicator whose acid form is colorless and conjugate base 

form is pink.   

 

 

 

 

 

 

 

 

 

 

 

 

¶ The equation below shows the equilibrium present for a generic indicator whose acid form is HIn 

and its conjugate base form is Inï: 

 

HIn (aq)    +  H2O (l)      H3O
+ (aq)  +  Inï (aq) 

             color 1      color 2 

 

 

 



Chemistry 102     Chapter 17 

25  

INDICATORS  
 

¶ As titration proceeds, the [H3O
+] decreases, shifting the equilibrium to the right.  Since pH 

change is large near the equivalence point of the titration, there is a large change in [H3O
+] near 

the equivalence point.  If the indicator is chosen properly, there should also be a correspondingly 

significant change in color. 

 

¶ The color of the solution containing the indicator is dependent upon the relative concentrations 

of HIn and Inï.  Listed below are three cases with pH relative to pKa and color of the indicator 

solution: 

  

  

  

  

  

 

 

 

  

  

 

¶ The table below shows various indicators and their colors as a function of pH: 
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INDICATORS  

 
¶ When choosing an indicator for a titration, it is important to select one that changes color in the 

range of pH of solution at equivalence point.   

 

 

¶ For example, for the titration of a strong acid with a strong 

base, since there is a very large increase in the pH of 

solution at equivalence point, either phenolphthalein or  

methyl red can be used as an indicator (Fig A). 

 

 

 

 

 

 

 

 

¶ On the other hand, when titrating a weak acid (acetic 

acid) with a strong base (NaOH), the pH of solution at 

equivalence point is above 7 (º8.5) due to the hydrolysis 

of the anion.  As a result, while phenolphthalein can be 

used as an indicator, methyl red is not a suitable indicator 

(Fig. B). 

 

 

 

 

 

 

 

 

¶ Similarly, when titrating a weak base (ammonia) with a 

strong acid (HCl), the pH of the solution at equivalence 

point is 5.3, making methyl red an ideal candidate while 

phenolphthalein is not a suitable choice (Fig C). 

Fig A 

Fig B 

Fig C 
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Examples: 

1. A sample of rainwater gives a yellow color with methyl red indicator. 

a)  What is the approximate pH of this rainwater? 

 

 

 

b) If bromothymol blue indicator was used as an indicator, what color would be observed? 

 

 

 

 

2. Propionic acid is a weak organic acid with Ka = 1.34x10ï5.  Which of the indicators listed below 

is the best choice for titration of propionic acid with KOH? 

 

a)  methyl red 

 

b) bromothymol blue 

 

c) thymol blue 

 

d) alizarin yellow 

 

 

3. Using the table of indicators on the previous page, choose a suitable indicator for use in the 

titration of each of the following acids with a strong base: 

 

a)  HF (Ka = 3.5x10ï4) 

 

 

b) HCN (Ka = 4.9x10ï10) 
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SOLUBILITY EQUILIBRIA &  

SOLUBILITY PRODUCT CONSTANT (K sp) 

¶ We learned earlier that a compound is considered soluble if it dissolves in water and insoluble if 

it does not.  As a result, we used the solubility rules to classify ionic compounds as soluble or 

insoluble. 

 

¶ The solubility of an ionic compound could be better understood by applying the principles of 

equilibrium to the process of dissolution.  For example, the dissolution of calcium fluoride can 

be represented as: 

 

CaF2 (s)          Ca2+ (aq)  +  2 Fï (aq) 

 

 

¶ This equilibrium views solubility as reversible processes of dissolution and precipitation, and 

represents the extent of solubility. 

 

¶ The equilibrium constant for the equilibrium shown above is called the solubility product 

constant (Ksp) and has the following form: 

 

Ksp = [Ca2+][Fï]2 

 

¶ Note that solids are omitted from this expression since concentration of solids is constant. 

 

¶ The value of Ksp is a measure of the degree of solubility of the compound.  The table below lists 

the value of Ksp for a number of ionic compounds. 


