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Buffered 
Solutions

2

0.1N HCl 1ml

pH 4.7

H2O NaCl
HAc, NaAc (weak 

acid or base)

pH 7 pH 7

3 3 4.58

Buffers are compounds or mixtures of compounds that, 
by their presence in solution, resist changes in pH 
upon the addition of small quantities of acid or alkali. 

The resistance to a change in pH is known as buffer 
action. 

Suppress weak acids release 
for more H⁺. While weak bases 

are immediately neutralized. 
Both push reaction to the left
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Buffered Solutions
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• Combination of a weak acid and its conjugate base

• Combination of a weak base and its conjugate acid

HA + OH-          A- + H2O

A- + H3O+               HA + OH- 

Weak acid donates proton so neutralize 
added base (remove added 𝐎𝐇−)

Conjugate base accepts proton so 
neutralize added acid (remove added 𝐇+)
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• A Weak Acid and Its Salt      
• If the strong acid is added to a 0.01 M solution containing 

equal quantities of acetic acid and sodium acetate, the pH 
is changed only 0.09 pH units because the base (Ac-) ties 
up the hydrogen ions according to the reaction

The Buffer Equation 

H3O
+ + Ac-HAc + H2O

-log[H3O
+]= - logKa - log[acid] + log[salt]

salt

acid
Ka =

[H3O
+][Ac-]

[HAc]

[H3O+] = Ka
[HAc] Acid
[Ac−] 𝐒𝐚𝐥𝐭



A Weak Acid and Its Salt
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Buffer equation or

Henderson-Hasselbalch 

equation

Dissociation 

exponent

pH= pKa+log
[salt]

[acid]



Common ion effect
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H3O
+ + Ac-HAc + H2O

*

is momentarily disturbed since the acetate ion supplied 

by the salt increases the [Ac-]

Ka =
[H3O

+][Ac-]

[HAc]

The ionization of HAc is repressed upon the addition 

of the common ion [Ac-]

1

3

2



Example
• For example, when sodium acetate is added to acetic acid, the 

dissociation constant for the weak acid, is

• Is  momentarily disturbed because the acetate ion supplied by the 
salt increases the [Ac-] term in the numerator.

• To reestablish the constant Ka at 1.75 × 10-5, the hydrogen ion 
term in the numerator [H3O+] is instantaneously decreased, with a 
corresponding increase in [HAc]. Therefore, the constant Ka 
remains unaltered, and the equilibrium is shifted in the direction of 
the reactants. 

• Consequently, the ionization of acetic acid is repressed upon the 
addition of the common ion, Ac-. This is an example of the 
common ion effect.

𝐾𝑎= 
𝐻3𝑂+  [ 𝐴𝑐−]

[𝐻𝐴𝑐]
 = 1.75 x 10−5

H3O
+ + Ac-HAc + H2O
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The Buffer Equation 
• A Weak Base and Its Salt
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OH- + BH+B + H2O

Kb =
[OH-][BH+]

[B]

salt

base

[H3O
+] • [OH-] = Kw

[OH-] = Kb 
[B] Base

[BH+] salt

-log[H3O
+]= - logKw – log1/Kb - log[salt]/[base] 



• A Weak Acid and Its Salt 
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pH= pKw- pKb + log
[base]

[salt]

* Note:

Buffers are not ordinarily prepared from weak 

bases because of:

1. Volatility & instability of the bases. 

2. Dependence of their pH on pKw, which is often 

affected by temp. changes.



Example 8.2: 

What is the molar ratio, [Salt]/[Acid], required to prepare 

an acetate buffer of pH 5.0? If you know that pka is 4.76. 

Also express the result in mole percent.

pH = pKa + log [𝑆𝑎𝑙𝑡]

[𝐴𝑐𝑖𝑑]

5.0 = 4.76 + log [𝑆𝑎𝑙𝑡]

[𝐴𝑐𝑖𝑑]

log [𝑆𝑎𝑙𝑡]

[𝐴𝑐𝑖𝑑]
 = 5.0 – 4.76 = 0.24

[𝑆𝑎𝑙𝑡]

[𝐴𝑐𝑖𝑑]
 = antilog 0.24 = 1.74

• Therefore, the mole ratio 
of salt to acid is 1.74/1. 

• Mole percent is mole 
fraction multiplied by 
100. 

• The mole fraction of salt 
in the salt–acid mixture 
is 1.74/(1 + 1.74) = 0.635, 
and in mole percent, the 
result is 63.5%.



Factors influencing the pH of buffer 
solutions 

1. Altering the ionic strength

     ① Addition of neutral salts

     ② Dilution (alter activity coefficients) small pH change

    2. Temperature

The pH of the most basic buffer was found to 

change more markedly with temp. than that of 

acid buffers, owing to Kw.
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pH indicator

• Acid indicator
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HIn + H2O H3O
+ + In-

Alkaline color (at high pH- low H+)Acid color (at low 

pH- high H+)

KIn = 
[H3O

+ ][ In-]

[HIn]

base

acid

pH = pKIn + log
[base]

[acid]
1/10~10/1



18

pH =pKIn + 1

base acid10/1 1/10

*   From experience, one cannot discern a change from the 

acid color to the salt color or conjugate base until the ratio 

of [base] to [acid] is about 1 to 10 (-1 acid) and from [acid] 

to [base] 10 to 1 (+1 base)

*   The effective range of the indicator is…
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Characteristics of colorimetric 
method
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① Less accurate

② Less convenient but less expensive than  

electrometric method

③ Difficult to apply for the unbuffered  

pharmaceutical preparation (change the pH -

indicator itself is acids or base)

④ Error may be introduced by the presence of  

salts & proteins



Buffer capacity

• The magnitude of the resistance of a buffer to pH changes
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ΔB :  small increment in gram equivalents/Liter   

of strong base (or acid) added to the buffer 

solution to produce a pH change of ΔpH 

β= B

pH
buffer capacity

= buffer efficiency

= buffer index

= buffer value
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HAc

(0.1- 0.01) 

NaAC

(0.1+ 0.01)0.01

+ NaOH + H2O

=
0.01

(0.1- 0.01) 

= 0.09

= 0.11=
pH

β  
B

pH=pKa + log
[salt] + [base]

[acid] - [base]
= 4.85

pH=pKa + log
[salt]

[acid] = 4.76

• Before the addition of NaOH

• After the addition of NaOH



• In Table 8-2, the buffer capacity is not a fixed value for a given 
buffer system but instead depends on the amount of base 
added. 

• The buffer capacity changes as the ratio log([Salt]/[Acid]) 
increases with added base. With the addition of more sodium 
hydroxide, the buffer capacity decreases rapidly, and, when 
sufficient base has been added to convert the acid completely 
into sodium ions and acetate ions, the solution no longer 
possesses an acid reserve. 

• The buffer has its greatest capacity before any base is added, 
where [Salt]/[Acid] = 1, and, therefore, pH = pKa.
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• A more exact equation for buffer capacity (1914, 

1922)
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β ---- at any [H3O
+].

Ka • [H3O
+]

β = 2.3 • C •  
(Ka + [H3O

+])2

c : total buffer conc. (sum of the molar conc. of 

the acid & the salt)

• The buffer capacity is also influenced by C (total 
buffer concentration), that is, the sum of the molar 
concentrations of the acid and the salt. 

• The buffer capacity can be computed at any hydrogen 
ion concentration, at the point where no acid or base 
has been added to the buffer. 
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Example 8-6:

 At a hydrogen ion concentration of 1.75 x 10−5 (pH = 4.76), 
what is the capacity of a buffer containing 0.10 mole each 
of acetic acid and sodium acetate per liter of solution? 
The total concentration, C = [acid] + [salt],  is 0.20 mole per 
liter,  and the dissociation constant is 1.75 X 10−5.

𝛽 = 2.3 x 0.20 x (1.75 x 10−5) x (1.75 x 10−5)
[(1.75 x10−5) + (1.75 x10−5)]2  = 0.115 



Maximum Buffer capacity

• βmax occurs where pH = pKa, or ([H3O
+
] = Ka)

28

4

2.303
• C

[H3O
+]

2

βmax = 2.303 • C •  
(2 [H3O

+])2
=

( pH = pKa )

βmax = 0.576 • C

Example 8.8:   What is the maximum buffer capacity of an 
acetate buffer with a total concentration of 0.02 mole per 
liter? 

 βmax = 0.576 x 0.020 = 0.01152 or 0.012 



Characteristics of Buffer Capacity
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• …is not a fixed value, but rather depend on the amount 

of base added

• …depends on the value of the ratio [salt]/[acid] and 

magnitude of the individual concentrations of the 

buffer components

• The greatest capacity (βmax) occurs where             

[salt]/[acid] = 1 and pH = pKa

• Because of interionic effects, buffer capacities do not in 

general exceed a value of 0.2
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Universal Buffer

The buffer capacity of a combination of buffers, the pKa values of which 

overlap to produce a universal buffer. 

Total buffer capacity (∑𝛃): is the sum of the β values of the individual 

buffers. 

In this figure, it is assumed that the maximum 𝛃's of all buffers in the 

series are identical. 

31
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Buffers in Pharmaceutical and Biologic Systems
In Vivo Biologic Buffer Systems

Blood is maintained at a pH of about 7.4 by:
▪  Primary buffers in the plasma: The plasma 

contains carbonic acid/bicarbonate and acid/alkali 
sodium salts of phosphoric acid as buffers.

▪Secondary buffers in the erythrocytes: 
hemoglobin/oxyhemoglobin and acid/alkali 
potassium salts of phosphoric acid.

▪   Plasma proteins, which behave as acids in blood, 
can  combine with bases and so act as buffers. 

▪It is usually life-threatening for the pH of the blood 
to go below 6.9 or above 7.8. The pH of the blood in 
diabetic coma is as low as about 6.8.
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Lacrimal fluid, or tears, have been found to have a great 
degree of buffer capacity, allowing a dilution of 1:15 with 
neutral distilled water before an alteration of pH is 
noticed.
▪The pH of tears is about 7.4, with a range of 7 to 8 or 

slightly higher.

Urine
▪pH: 6.0 (range 4.5 –7.8)
▪below normal…hydrogen ions are excreted by the kidney.
▪above pH 7.4…hydrogen ions are retained by action of 

the kidney.
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Influence of Buffer Capacity and pH on 
Tissue Irritation
▪ Solutions to be applied to tissues or administered 

parenterally are liable to cause irritation if their pH is greatly 
different from the normal pH of the relevant body fluid. 

▪ Consequently, the pharmacist must consider when 
formulating ophthalmic solutions, parenteral products:

1.  its buffer capacity and 
2. the volume to be used in relation to the volume of body 

fluid with which the buffered solution will come in 
contact. 

3. The buffer capacity of the body fluid should also be 
considered.
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•Tissue irritation, due to large pH differences 
between the solution being administered 
and the physiologic environment in which it 
is used, will be minimal :

A. the lower is the buffer capacity of the solution, 
B.  the smaller is the volume used for a given 

concentration.
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•Martin and Mims found that Sörensen's 
phosphate buffer produced irritation in the 
eyes of a number of individuals when used 
outside the narrow pH range of 6.5 to 8, 
whereas a boric acid solution of pH 5 
produced no discomfort in the eyes of the 
same individuals. 

• It can be explained partly in terms of the low 
buffer capacity of boric acid as compared 
with that of the phosphate buffer and partly 
to the difference of the physiologic response 
to various ion species.



Clarification
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    𝐎 𝐇 −


   𝐇 +


    [HAc] Acid  [Ac−]   𝐒 𝐚 𝐥 𝐭


   K a


     [  H 3  O + ]   [   A  c − ]  [ H A c ]


   10  − 5


    [ S a l t ]  [ A c i d ]


    [ S a l t ]  [ A c i d ]


    [ S a l t ]  [ A c i d ]


    [ S a l t ]  [ A c i d ]


   10  − 5


   10  − 5 .


  𝛽


    2.3 x 0.20 x (1.75 x   10  − 5 )  x (1.75 x   10  − 5 )  [(1.75 x  10  − 5 ) + (1.75 x  10  − 5 )]2


  𝛃


  β


  𝛃

