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Exercise 3  PARTITION COEFFICIENT OF SUCCINIC 

ACID 
 

Theory 

Consider a system consisting of two liquid layers (phases) of two immiscible or partially 

miscible liquids. If a third substance, which is soluble in both liquids, is added into the system 

it is found to distribute, or divide, itself between the two layers in a definite manner. It has 

been shown experimentally, that an equilibrium at constant temperature, the ratio of the 

concentrations in the two layers has a definite value, independent of the actual amount of the 

dissolved substance. If c1 and c2 are the concentrations of this substance in the two layers, 

then: 
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The dissolved substance irrespective of its total amount, distributes itself between the two 

layers in a constant concentration ratio at constant temperature. The ratio, equal to the 

constant in Equation 1, is referred as the partition constant or partition coefficient (k) (or 

sometime designated as P). 

It will be shown below, that the distribution law in the form of Equation 1 can be applied 

only to dilute solutions. It is supposed also, that the partitioned substance undergoes no 

chemical changes, such as association or dissociation in any of the two liquid phases. 

When two phases are in equilibrium the chemical potential (µ) of the partitioned substance 

will be the same in both phases. The chemical potential of the dissolved substance in any of 

the two phases may be represented by:  
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where a1 and a2 are the respective activities of the partitioned solute in two phases 

 

When the system is in equilibrium, μ1 and μ2 is equal, so that: 
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At constant temperature the standard chemical potentials 
0

1  and 
0

2  are constant, and so are 

R and T; it follows, therefore, that: 
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which is the exact form of the distribution law. For systems which are ideal or do not depart 

appreciably from ideal behaviour, the ratio of the activities may be replaced by the ratio of the 

mole fractions, i.e., x1/x2 should be constant. Further, for dilute solutions or for gases, the 

ratio of the concentrations may be used instead of the ratio of the mole fractions, and so in 
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these circumstances c1/c2 should be constant, in agreement with the simple form of the 

distribution law given by the Equation 1. 

Task 

Determine the partition coefficient of succinic acid in system of two immiscible liquids:  

1-butanol – water.  

Measurement will be performed at 4 different concentrations of succinic acid and different 

volume ratios of partitioned mixture (1-butanol – water). 
 

Equipment and chemicals: 

4 separation funnels (100 ml), 4 titrimetric flasks, burette, pipettes, 8 beakers, succinic acid 

(aqueous solution c = 20 g dm-3), NaOH (c = 0.05 mol dm-3), 1-butanol, phenolphthalein, 

distilled water 

 

Procedure: 

1 Prepare 4 mixtures of butanol, water and succinic acid into separation funnels (Figure 

1), following Table 1. 

   
Fig. 1 Separating funnel 
 

Table 1 Composition of partition coefficients 

Funel No.     Succinic acid   Distilled  water         1-butanol 

            [cm3]            [cm3]            [cm3] 

        1              20               -                15 

        2              10              15               15 

        3              15               -               15 

        4              10              10               15 
 

2   Shake gently the separating funnels with prepared solutions for 15 min. 

3    Put them to the holders and wait a few minutes until the mixture is apparently   

   separated into two clear layers: lower layer is water (Wat), and upper layer is    

   butanol (Org). 
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4 Pour carefully the water phase into a beaker using the funnel’s valve. 

5 Transfer the water solution from the beaker into titrimetric flask, 5 ml, using a pipette 

with volume (V = 5 ml). 

6 Add 1 drop of phenolphthalein. 

7 Fill a burette with a standard solution of NaOH (titrant) and perform titration. 

8 When the endpoint of titration has been reached, read the used volume of the titrant – 

NaOH from the burette (VT). Write it down to the Table 2. 

9 Repeat the procedure for funnels 2 – 4. 

10 Proceed in the same way the upper layer (butanol) of the mixtures in the funnels 1 – 4. 
 

Data treatment: 

 1    Succinic acid is a diprotic acid. Process of titration is based on the neutralization     

        reaction: 
 

                CH2-COOH                                    CH2-COONa 

                 ǀ                    +    2 NaOH           ǀ                       + 2 H2O 
                CH2-COOH                                     CH2-COONa 
 

1 Calculate the concentration of succinic acid in the water (cWat) and in organic phase, (cOrg),        

respectively, for each composition of the partition mixture (according to manual for  

titration). Remember, an analyte is the succinic acid, the volume of VA=5 ml. 

3     Calculate the partition coefficient (ki) of succinic acid at each composition of the partition   

mixture according to the Equation 5: 
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4 Express the average value of the partition coefficient ( k ) from four experiments and the 

appropriate standard deviation (s) using Equation 6: 
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where:  ki is partition coefficient in funnel number i = 1; 2; 3 and 4, k  is average value from 4 

calculated partition coefficients, N is  the number of measurements 

 

Table 2  Experimental and calculated data. 

Meas.    

No. 
Volume of titrant (VT)      ml       cOrg 

mol dm-3 

cWat 

mol dm-3
 

 

   ki 1-butanol water 

   1          

   2          

   3          

   4          

k =......... 



4 
 

Report:  

The report must include: 

• Theory (partition coefficient) 

•  Equipment and chemicals 

•  Experimental procedure and measurements 

•  Tables of the results and calculation 

•  In conclusions, give the obtained average value of partition coefficient from 4 experiments   

     ( k ) and standard deviation (s) in form:   

 

     k = k  +  s 
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