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• Buffer’s mechanism  

• Calculation of the buffer solutions pH 

• Blood’s buffer systems  

• Acid-base balance in the body and types of its 
disorders 

What will we study? 



What does mean “buffer”? 

• A buffer solution is a system of conjugated 
acid-base pairs, whose components are in a 
ratio of 1:1 or one component can 
predominate over the other by a factor of 10. 

Read now: 
1 
2 

https://www.thoughtco.com/definition-of-buffer-604393
https://www.thoughtco.com/buffers-in-acid-based-chemistry-603647


What does mean “buffer”? 

• The power characteristic of a conjugated acid-
base pair is the acidity index of the pKa. 
Therefore, the buffer has the same power 
characteristic. And given the definition, we get 
the buffer equation in General form (the 
Henderson-Hasselbach equation) 



The Henderson-Hasselbach equation 
Vocabulary: 

[к] – molar concentration of acid 
К – acid 

O – base 
[о] – molar concentration of base 

???! 
Watch 
now 

https://www.youtube.com/watch?v=7Us44X98r-E
https://www.youtube.com/watch?v=7Us44X98r-E


Types of buffers 

• acid buffer (CH3COOH/CH3COO- acetate buffer; 
H2CO3/HCO3

− hydrocarbonate buffer) 

• base buffer (NH4
+/NH3 ammonia buffer) 

• salt buffer (H2PO4
−/HPO4

2− phosphate buffer) 



How to calculate the buffer components?  

Vocabulary: 
C – concentration 

(molar or equivalent) 
К – acid 

O – base 

To calculate the buffer components, equation 1 (slide 4) is converted so 
that the equilibrium molar concentrations are expressed in terms of 

analytical and volume values: 



How to prepare it for a given pH?  

If the buffer volume is set, you can calculate the volume of each component 
separately by solving a system of two equations with two unknowns: 

Thus, we have a general formula (3) for calculating the volume of components of any 
buffer 



About log (lg) and antilog (alg) 

• In this topic, all logarithms and exponents are 
to base 10, and decimal answers are rounded 
appropriately. 

• The logarithm of a number is the power to 
which 10 must be raised to equal that number. 
Some simple examples: 

• 102=100, therefore log100=2 

• 103=1000, therefore log1000=3 

• log200=2.301  

 



About log (lg) and antilog (alg) 

How to calculate it? 

 

1/ You can use a calculator with logarithm and 
anti-logarithm function 

2/ If you don’t have this so you can use a 
«Bradis decimal logarithm table» 

 
 

 



Bradis decimal logarithm small table 

number number number number logarithm logarithm logarithm logarithm 



Сalculate it 

• lg (3.3) =  

• lg (9.0) =  

• lg (1.8) =  

• lg (6.5) = 

• alg (0.51) = 

• alg (0.95) = 

• alg (0.25) = 

• alg (0.812) = 

 

 



Case 
• A buffer solution obtained by draining 50 ml of a 0.1e 

solution of CH3COOH and 100 ml of 0.2e СН3СООNa. pKa 
(CH3COO/CH3COO−)=4.8. Calculate the pH of the buffer 

solution. 

Answer 
• Write down a summary of the case and its solution. 



Case 
• You need to prepare 100 ml of a bicarbonate buffer 

solution with pH 7.1. pKa (H2CO3⁄HCO3
-) = 6.4 at 25℃. 

What volumes of bicarbonate buffer components with 
the same initial concentration should be taken for this? 

Answer 
• Write down a summary of the case and its solution. 

7.1 

alg(0.7) 

16.4 

16.4 83.6 



The buffer action mechanism 

The buffer action 
mechanism can be 

shown schematically 
in a general way: 



The buffer action mechanism 

Acid protection: when a strong acid (H+) is added, the main component of 
the buffer comes into reaction, binding hydrogen protons to the weak acid 
component of the buffer. Therefore, the pH of the medium practically does 
not change. Acid protection will continue as long as the main component is 
present in the buffer. In other words, the buffer has a certain capacity for 
acid. 

Alkali protection: when adding alkali (OH−), the acid component of the 
buffer comes into operation, and, giving its H+ to OH-, binds them to water, 
which can not affect the pH of the medium. At the same time, the acid 
component of the buffer turns into a conjugate base – the buffer 
component. Therefore, the pH of the medium practically does not change. 
The alkali protection will continue as long as there is an acidic component in 
the buffer. In other words, the buffer has a certain capacity at the base. 



For example, for an acetate buffer: 



Buffer capacity  

• Buffer capacity (B) is the amount of strong 
electrolyte equivalents (сил.эл) that must be 
added to 1 liter of buffer to change its pH by one.  



Buffer capacity  

• In the blood, the main components of the buffer (HCO3
-, 

HPO4
2-) predominate over the acidic ones (H2CO3, H2PO4

-). 

 

 

 

 

• Definitely. The blood receives more acid-type catabolism 
products (pyruvic acid, lactic acid). There are fewer 
products of the main type (ammonia, urea, creatine and 
creatinine), and they are weaker bases. Therefore, it is 

necessary to protect the body from acids. 

Does this make 
biological sense? 



ABB – acid/base balance 

• Blood plasma buffer systems: bicarbonate H2CO3/HCO3
− (pKa 6,1 

at 37℃), phosphate H2PO4
−/HPO4

2− (pKa 6.8-7.2), protein 
(HPt/Pt−), amino acid. In whole blood, the main buffer capacity 
(75%) is accounted for by the hemoglobin HHb/Hb− (pKa 8.2) and 
the oxyhemoglobin system HHb*O2/Hb*O2

− (pKa 6.95) of red 
blood cells. All biochemical buffer systems work in conjunction 
with physiological ones: the pulmonary and renal. 

 

• The joint functioning of these systems allows maintaining the 
main parameters of acid-base balance (ABB) in a healthy person: 
blood pH 7.36±0.04 and the equilibrium partial pressure of CO2 
(PCO2) 40 mm Hg. 



Disorders of acid/base balance  

• A decrease in blood pH at a constant P(CO2) is 
defined as metabolic acidosis, and at a change in 
P(CO2) – as respiratory acidosis. 

• An increase in blood pH at a constant P(CO2) is 
defined as metabolic alkalosis, and at a change 
in P(CO2) – as respiratory alkalosis. 

 
• The joint functioning of these systems allows 

maintaining the main parameters of acid-base 
balance (ABB) in a healthy person: blood pH 
7.36±0.04 and the equilibrium partial pressure of 
CO2 (PCO2) 40 mm Hg. 



Disorders of acid/base balance  

or normal 

or normal 



Case 
Acid-base balance (ABB) of the patient: pH blood 7.1; 

P (CO2)=60 mm Hg. Which ABB disorder does the patient 
have and what are the biochemical causes of this disorder? 

Answer 

Compare: normal pH 7.4, and P(CO2)=40 mm Hg. 
Lowering of blood pH to 7.1 and violated P indicates 
respiratory acidosis. Further actions of the doctor - to 
differentiate the pathology of the respiratory organs and 
the oppression of the respiratory center 

 


