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Exercise 8   POTENTIOMETRIC DETERMINATION OF    

                  THE DISSOCIATION CONSTANT OF WEEK  

                  ACID 
 
 

Theory  

Dissociation of a week acid represents one of the proton exchange reactions, they are also  

called an acid-base reactions. The Bronsted-Lowry classification defines an acid as a proton  

donor (protogenic substance) and a base as a proton acceptor (protofilic substance). The acid 

HA generates the following equilibria in the water:  

 

HA + H2O ↔ H3O+ + A-                                                                                                  A 

                                                                                     

Dissociation constant for the scheme A is: 
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where  ai are activities 

We have assumed that the activity of the water is constant and have included into the definition 

of the acid dissociation constant (Ka). The species A- (anions of the week acid) acts as a proton 

acceptor in the equilibrium. Therefore it is a base according to the Bronsted-Lowry definition, 

and it is called the conjugate base of the acid HA. The hydrated hydrogen ions H3O
+  re written 

as H+ in mathematical formulae, for brevity.  

Water can play the role of both acid and base. Therefore even in pure water the autoprotolysis 

equilibrium occurs:  

 

H2O + H2O ↔ H3O+ + A-                                                                                               B                

with the equilibrium constant (Kw): 
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in which both water activities have been included into the Kw.  

At 25 °C, Kw = 1.008x10-14 

and this very small value indicates that only very few water molecules are dissociated. Both in 

pure water and in the diluted aqueous solutions the activities (concentrations) of  H3O+ and 

OH- ions are mutually interdependent by the equation for Kw.  

The strength of an acid is measured by its dissociation constant. Strong acids are strong proton 

donors, and then the Ka is then large. Week acids have low values of Ka because the  

proton equilibrium lies in favour of HA (at room temperature acetic acid has  Ka = 1.8x10-5).  

The concentration of protons plays an important role in many applications of chemistry and it 

can vary over many orders of magnitude. The pH scale is defined as:  
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and it is a convenient measure of proton activity. In a similar way, the value of pKa: 
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is usually introduced. Transformation of the definition equation of the dissociation constant of  

the week acid HA gives: 
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where  pKa value is alternative measure of the acid strength (acids with pKa > 2 are labelled  

               as week acids)  

            terms in the brackets represent the equilibrium concentrations 

The measurement of the pH of a solution is the key to the determination of the strengths of 

acids and bases. The neutralization plot of week acid shows the pH dependence of the solution 

on the percentage of the neutralized acid (p). The pKa can be estimated from the plot at p = 

50% (halfway of neutralization), which corresponds to equal concentrations: 

 

[HA] = [A-] 

 

and so at this point it holds: 

 

 pH = pKa 

 
 

Fig. 1 Neutralization plot of  week acid 
 

Consider the neutralization reaction of week acid HA by a strong hydroxide MeOH (e.g. KOH, 

NaOH, LiOH ...). The later is a strong electrolyte, completely dissociated into ions: 

Me+ and OH- in diluted aqueous solutions. The OH- anions are regarded as a strong base and 

they react with the acid HA:  

 

HA + OH- ↔ H2O + A-                       C 
 

Therefore we can write the following mass balance equations for each step of the titration from 

p = 10% to 90% of neutralization between the initial point and the end point:  

 

[HA] = c(HA) – c(MeOH)                       (6) 

   [A-] = c(MeOH)                         (7) 

 

Equipments and chemicals  

precision pH-meter 

combination glass electrode  

pipette 5 ml, 10 ml and 20 ml 

9 graduated flasks (50 ml),  

beakers  

solutions: CH3COOH (0.1 mol dm-3) 
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                 NaOH (0.1 mol dm-3) 

                 NaCl (0.2 mol dm-3)  

                 distilled water  

        

Task  

Determination of the dissociation constant of acetic acid and statistical comparison of the 

experimental and table values. The procedure is based on the pH measurement of the set of 

prepared acetic acid solutions partially neutralized with NaOH at constant ionic strength.  
 

Procedure 
 

A  Preparation of solutions  

Prepare aqueous solutions of acetic acid [CH3COOH (0.1 mol dm-3)], sodium hydroxide  

[NaOH (0.1 mol dm-3)], sodium chloride [NaCl (0.2 mol dm-3)] and water into numbered 

graduated flasks following the pipetting scheme given in the table Table 1. The total volume 

of each solution is 50 ml. Use flasks fitted with stoppers. Shake the flasks to homogenize the 

solutions.  
 

Table 1  Pipetting scheme of the sample solutions 

Sample 1 2 3 4 5 6 7 8 9 

Solution Pipetted volume of solutions in ml 

VCH3COOH 20 20 20 20 20 20 20 20 20 

VNaOH  2  4  6  8 10 12 14 16 18 

VNaCl   12.0   11.5   11.0   10.5   10.0     9.5     9.0     8.5     8.0 

Vwater   16.0   14.5   13.0   11.5   10.0     8.5     7.0     5.5     4.0 

 Total volume = 50 ml 

 

Potentiometeric determination of pH  

1  Prepare the electrode for measurement: clean electrode with distilled water but don´t dry it. 

2  Pour the sample of the measured solution ito the measuring cell (beaker).  

3  Add the electrode to the solution in beaker. 

4  Read the pH from the display of pH- meter when the value is stable. 

5  Write  down the pH value to the Table 2. 

6  After the measurement of the solution 1, clean the electrode with distilled water. 

7  Repeat the outlined procedure for each sample (1-9). 
 

Processing of the measured data  

- Calculate the analytical concentration of acetic acid - cCH3COOH (it should be equal in each   

  samples), according Equation 8: 
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  and the analytical concentration of NaOH - cNaOH in the samples using Equation 9:  
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  where  cCH3COOH (stock solution)  is  0.1 mol dm-3 

              VCH3COOH is the pipetted volume of CH3COOH (see Table 1) 

              cNaOH (stock solution)  is  0.2 mol dm-3 

               VNaOH  is the pipetted volume of NaOH (see Table 1) 

              Vtotal  is the total volume of the sample (50 ml) 
 

- Determine the equillibrium concentrations of the acid – ([CH3COOH]) and the base    

  ([CH3COO-]) using the following Equations:  

 

    [CH3COOH] = cCH3COOH - cNaOH                                                                                      (10) 

 

   [CH3COO-] = cNaOH           (11)  

 

- The final equation of acetic acid's pKa is given:  
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  Calculate the values of pKa for each sample and write them down to the Table 2. 

- Calculate Ka using Equation 4 and write their down to the Table 2. 

- Determine the average value  aK using Equation 13: 
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  where  N is number of the samples 

 

- Using calculated aK recalculate the average values apK : 

 

   apK  = - log aK                                                                                                                 (14) 

 

- Read the table value of the acetic acid's  (Ka) and calculate the relative error (δ) of your  

  measurement:  
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Calculate percentual amount of the neutralized acid (p) using Equation 16: 
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- Plot neutralization diagram [pH = f(p)].  

- Read the pH function value for p = 50% (see Figure 1) and write it to the conclusion of  

  report. 
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Table 2 Measured and calculated values 

No. cCH3COOH   

mol dm-3
 

cNaOH 

mol dm-3 
[CH3COOH] 

mol dm-3 

[CH3COO-] 

mol dm-3 

 
 −COOCH

COOHCH

3

3log
 pH pKa Ka p   

% 
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3         
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Report 

The report should include the following point: 

- Definition of dissociation constant and related term 

- Equipments and chemicals 

- Procedure 

- Tables and calculations 

- Statistics of the results 

- Neutralization diagram 

- Conclusion 


