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Buffers—Keeping the pH Constant (or Nearly So)

 A buffer is defined as a solution that resists change in pH when a small
amount of an acid or base is added or when the solution is diluted.

 A buffer solution consists of a mixture of:
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 A weak acid and its salt (conjugate base); CH3COOH/CH3COONa

 A weak base and its salt (conjugate acid); NH4OH/NH4Cl

pKa = -log Ka

pKb = -log Kb
pKa + pKb = pKw
pKa = pKw - pKb

KaKb = Kw
Ka = Kw / Kb
pKa = -log Ka

pH + pOH = 14
pH = 14 - pOH

pKb = -log Kb
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6.0            2.5              2.5
3.5              0               2.5



Calculating the pH of a buffer when strong acid or base is added

 As an example, suppose you have 100 mL of a buffer containing 0.100 M acetic
acid and 0.0500 M sodium acetate. Calculate the pH of the buffer when 3 mL of
1.0 M HCl is added to it.

Example 7.13:
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 As a first step, calculate the pH of the buffer before adding the strong acid
using the Henderson–Hasselbalch equation:

 The best way to solve this problem is to calculate the moles of acetic acid,
moles of sodium acetate, and added moles of HCl:



 The reaction says that the acetate ion in the buffer will react with the
added strong acid, and the moles of acetate will decrease and the moles of
acetic acid will increase. How much will the decrease and increase be? It
is equal to the amount of strong acid added.

 We can now write the Henderson–Hasselbalch equation and account for
the decrease in moles of acetate and increase in moles of acetic acid:
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 We need to know the chemical reaction occurring when strong acid is
added to the buffer:

CH3COO- +  H+ →  CH3COOH



 This approach also works in reverse, when you add a strong base to a
buffer. In this case, the pH of the buffer will increase, and the relevant
chemical reaction is:

 This time the moles of acetic acid will decrease and the moles of
acetate will increase.

 The Henderson–Hasselbalch equation can be written in the following
form to solve for the pH:
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CH3COOH +  OH- →  H2O  +  CH3COO-
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g  =  M x L x f.wt
g NH4Cl =  0.2 x (100/1000) x 53.5 = 1.07 g
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1. Explain the difference between a strong electrolyte and a weak
electrolyte.

1. What is the Bronsted acid–base theory? What is the Lewis acid–
base theory?

1. What is a conjugate acid? Conjugate base?

Questions
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1. Explain the difference between a strong electrolyte and a weak
electrolyte.

2. What is the Bronsted acid–base theory? What is the Lewis acid–base
theory?

3. What is a conjugate acid? Conjugate base?
4. Write the ionization reaction of aniline, C6H5NH2, in glacial acetic

acid, and identify the conjugate acid of aniline. Write the ionization
reaction of phenol, C6H5OH, in ethylene diamine, NH2CH2CH2NH2,
and identify the conjugate base of phenol.

C6H5NH2 + CH3COOH  →  C6H5NH3
+ +  CH3COO-

conjugate acid

2C6H5OH  + NH2CH2CH2NH2 →  2C6H5O- + NH3
+-CH2CH2-NH3

+

conjugate base

5. What are Good Buffers?

Questions
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Problem 1
The pH of an acetic acid solution is 3.26. What is the concentration of
acetic acid and what is the percent acid ionized?

Solution

Problems

CH3COOH = CH3COO- + H+

At equilibrium C-x                     x             x

% ionized = [H+] / [CH3COOH] x 100

[H+] = 10-pH

Ka = [H+] [CH3COO-] / [CH3COOH]
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Problem 2
The pH of a 0.20 M solution of a primary amine, RNH2, is 8.42. What is
the pKb of the amine?

Solution
RNH2 + H2O = RNH3

+ + OH-

At equilibrium       0.2 - x                        x                x

Kb = [RNH3
+] [OH-] / [RNH2]

pH + pOH =14

pKp = -log [kp]
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Problem 3
Calculate the pH of a 0.010 M solution of NaCN. (Ka of HCN = 1.4 x 10-5)

Solution
NaCN → Na+ + CN-
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Problem 4
Calculate the pH of a solution prepared by mixing 5.0mL of 0.10 M NH3 with
10.0 mL of 0.020 M HCl. (Kb for NH3 = 1.75 x 10-5).

Solution HCl + NH3 → NH4Cl + H2O
0.2       0.5            0.2

0.3mmole = M x mL
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Problem 5 An acetic acid–sodium acetate buffer of pH 5.00 is 0.100 M in
NaOAc. Calculate the pH after the addition of 10 mL of 0.1 M NaOH to 100 mL of
the buffer. (Ka for CH3COOH = 1.75 x 10-5).

Solution

pKa = -log Ka

NaOH + CH3COOH → CH3COONa
1.0               1.0                        1.0


