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Buffered solutions 

Introduction
• Buffers are mixtures of compounds that resists changes in pH upon 

the addition of small quantities of acid or alkali.
• A buffer is composed of a weak acid (HA) and its salt (conjugate 

base A−) or a weak base (B) and its conjugate acid BH+. 
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Buffer Equation

Example
How many moles of sodium acetate must be added to 100 mL of a 0.1 
mol/L acetic acid solution to prepare a buffer with pH 5.2?
(Assume no volume change upon addition.)

•Given:
•pH = 5.2, pKa = 4.76
•[HA] = 0.1 mol/L, Volume = 100 mL = 0.100 L

Buffer Capacity
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Buffer Capacity

Mol/liter

Example

Buffer in Biological Systems
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Pharmaceutical Buffers
Buffer solutions are widely used to adjust pH 

of aqueous pharmaceutical solutions to 
ensure:

• Prevention of tissue irritation
• Optimum therapeutic effect
• Maximum drug stability
• Maximum drug solubility 

Pharmaceutical Buffers
Tissue Irritation Prevention
• Solutions to be applied to delicate tissues (e.g.

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

• If there is a large pH difference between the
solution and body fluid, tissue irritation will be
minimal if:
– The volume and buffer capacity of the solution is low
– The volume and buffer capacity of the physiologic

fluid is high.
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Pharmaceutical Buffers
Maximum Therapeutic Effect vs Stability

• The undissociated form of a weakly acidic or basic drug often has
a higher therapeutic activity than that of the dissociated salt form
because they can penetrate body membranes readily due to their
lipid solubility.

• The pH for maximum stability of a drug for ophthalmic use may
be far below that of the optimum physiologic effect.

• Under such conditions, the solution of the drug can be buffered at
a low buffer capacity and at a pH that is between that of optimum
stability and that for maximum therapeutic action.

• When the solution is instilled in the eye, the tears bring the pH to
about 7.4, converting the drug to the physiologically active form

Pharmaceutical Buffers
Maximum Therapeutic Effect vs Stability
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Pharmaceutical Buffers
pH stability profile

Typical pH stability profiles. Examples of pH—stability profiles for a 
drug that degrades under basic (a), acidic (b), or both acidic and basic 
conditions (c and d).

Pharmaceutical Buffers
Maximum Solubility
• The pH of the solution can affect the solubility of the

drug.
• At a low pH, a base is predominantly in the ionic form,

which is usually very soluble in aqueous media.
• As the pH is raised, more undissociated base is formed,

which has poor water solubility, leading to precipitation
of this form from solution.

• Therefore, the solution should be buffered at a
sufficiently low pH so that the concentration of the free
base is less than its solubility.
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Pharmaceutical Buffers
pH Solubility profile

Pharmaceutical Buffers
• The pharmacist may be called upon at times to prepare 

buffer systems for which the formulas do not appear in the 
literature.

• The following steps should be helpful in the development of 
a new buffer.

(a) Select a weak acid having a pKa approximately equal to 
the pH at which the buffer is to be used. 

(b)From the buffer equation, calculate the ratio of salt and
weak acid required to obtain the desired pH. The buffer
equation is satisfactory for approximate calculations within
the pH range of 4 to 10.
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Pharmaceutical Buffers
(c) Consider the individual concentrations of the buffer salt 

and acid needed to obtain a suitable buffer capacity.
• A concentration of 0.05 to 0.5 M is usually sufficient, and a 

buffer capacity of 0.01 to 0.1 is generally adequate.
(d) Other factors of some importance in the choice of a 

pharmaceutical buffer include:
– availability of chemicals, 
– sterility of the final solution, 
– stability of the drug and buffer on aging, 
– cost of materials, 
– freedom from toxicity (borate buffer, cannot be used to stabilize a 

solution to be administered orally or parenterally.)
(e) Finally, determine the pH and buffer capacity of the 

completed buffered solution using a reliable pH meter. 


