
Acids, pH, and Buffers

Some Basic Chemistry for Biological Science
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• Most living cells have a very narrow range 
of tolerance for pH, i.e. [H+].

• The [H+] concentration will be important 
(either explicitly or implicitly) for many other 
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(either explicitly or implicitly) for many other 
topics in biology.

• [H+] is controlled in all biological 
organisms, and in virtually all biochemical 
experiments.

• Each pH unit represents a factor of 10 
difference in [H+].
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Why is pH important in bioscience?

• pH affects solubility of many substances.
• pH affects structure and function of most proteins -

including enzymes.
• Many cells and organisms (esp. plants and aquatic • Many cells and organisms (esp. plants and aquatic 

animals) can only survive in a specific pH environment.
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• The Swedish chemist, Svante Arrhenius, first 
described acids as substances that dissociate, 
producing hydrogen ions (H+) when dissolved in 
water. 

Definitions
Acids, 
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• In the early twentieth century, Brø nsted and 
Lowry redefined acids as a compound that 
donates a proton. 



Bases

• Arrhenius described bases as compounds that 
dissociate to form a metal ion and a hydroxide 
ion (OH-) when dissolved in water. Arrhenius 
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ion (OH ) when dissolved in water. Arrhenius 
bases are formed from Group 1A and 2A metals. 
Hydroxide bases are characterized by a bitter 
taste and a slippery feel.

• The Brø nsted–Lowry definition of a base is a 
compound that accepts a proton.



Buffer definition
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For biological systems:

• Ionization of a strong acid is TOO BIG!

• Ionization of water itself is way TOO LITTLE!

• Ionization of a weak acid is JUST RIGHT!
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Buffer uses

1. Biological systems such as blood and saliva
2. Eye drop
3. Shampoo pH 6 to prevent bacteria growth3. Shampoo pH 6 to prevent bacteria growth
4. Baby lotions
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Maintaining Physiological pH with Bicarbonate 

Buffer

• The bicarbonate system helps our bodies 
maintain its optimal physiological pH.

Homeostasis
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maintain its optimal physiological pH.

• The ability of an organism to maintain its internal 
environment by adjusting such factors as pH, 
temperature, and solute concentration is called 
homeostasis. 



Factors in choosing a buffer

1. Be sure it covers the pH range you need
 Generally: pKa of acid ± 1 pH unit
 Consult tables for ranges or pKa values

2. Be sure it is not toxic to the cells or organisms 2. Be sure it is not toxic to the cells or organisms 
you are working with.

3. Be sure it would not confound the experiment 
(e.g. avoid phosphate buffers in experiments 
on plant mineral nutrition).

4. Calculation using the Henderson-Hasselbach
equation.
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How a Buffer Works
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CH3COOH(aq)                CH3COO¯(aq)    +    H+(aq)
relative concs. HIGH LOW LOW

NB    A strong acid can’t be used as it is fully dissociated and cannot remove H+(aq) 

HCl(aq)    ——>    Cl¯(aq)    +    H+(aq)

Adding acid
Any H+ is removed by reacting with CH COO¯ ions to form CH COOH via the 

How a Buffer Works (cont.)

Any H+ is removed by reacting with CH3COO¯ ions to form CH3COOH via the 
equilibrium.   Unfortunately, the concentration of CH3COO¯  is small and only a few H+

can be “mopped up”. A much larger concentration of CH3COO¯ is required.

To build up the concentration of CH3COO¯ ions, sodium ethanoate is added, which 
dissociates completely.  

CH3COO¯Na+ (aq) —> CH3COO¯(aq)    +    Na+(aq)

relative concs. LOW HIGH HIGH
.
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How a Buffer Works (cont.)
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Henderson-Hasselbalch Approximation
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In vivo buffer systems
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Steps for buffer development
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•

The bicarbonate buffer system 
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• The bicarbonate buffer system can be denoted 
by showing the acid and its conjugate base like 
this: H2CO3/HCO3

-. Sometimes the conjugate 
base is shown as an ionic compound like this: 
H2CO3/NaHCO3.
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pH vs Temperature for Tris Buffer
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Some useful links on buffer calculators!!!!

http://www.biomol.net/en/tools/buffercalculator.htm
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http://dbr.csoft.net/chem/bufcalc.php
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http://www.sigmaaldrich.com/life-science/core-bioreagents/biological-buffers/learning-
center/Buffer-Calculator-App.html
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