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ABSTRACT 
 

Dissociation constant studies of ascorbic acid and benzoic acid has been carried out 
potentiometrically at various temperature from 25 to 50°C and in 10, 20, 30 and 40 
percent dioxane-water solvent system at 25°C. Effect of temperature and solvent 
concentration on pKa values has been observed. The resolution of acid strength in 
dioxane-water relative to that in water has been determined for both compounds by 
plotting pKa values vs percent composition of solvent. The results show greater 
resolution in non-aqueous media as compare to aqueous media. Data obtained is analyzed 
by Computer program written in GW-Basic for calculation of pKa values for monobasic 
acid. 

 
Introduction 

 
Ascorbic acid occurs naturally in fruits and vegetables, however the concentration vary 

greatly in different canned juices. In some fruit juices it is purposely aid for attracting consumers 
and to act as antioxidant to increase shelf life of commercial product (Sing et al., 1985). Severe 
ascorbic acid deficiency produces Scurvy. The pathalogic signs of this deficiency are almost 
entirely confined to supporting tissues of mesenchymal origin (bone, dentine, cartilage and 
connective tissue). 

 
Scurvy is characterized by failure in the formation and maintenance of intercellular materials, 

which is turn causes typical symptoms, such as hemorrhages, loosening of teeth, poor wound 
healing and the easy fracturability of the bones (Harlod, 1971). Owing to the wide use and 
importance of ascorbic acid in fruit vegetable and drug it is necessary to know the dissociation 
constant of this acid. 
 
*Correspondence 
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Benzoic acid is a simplest carboxylic acid of aromatic series it is used as food preservative, 
because it inhabits the growth of yeasts and moulds. Also used for this purpose in the form of 
sodium salt, which is highly water soluble. 

 
There are different methods (Albert et al., 1984; Cooksen, 1974; McBryde, 1974; Ramettee, 

1967) by which dissociation constant of weak acids and bases can be deter-mined. The 
potentiometric methods are widely used since they are fast and easy to study ionic equilibria in 
aqueous and non-aqueous solvents, while other methods such as spectrophotometric and 
conductometric are laborous and time consuming but they are very accurate (McBryde, 1974; 
Ramttee, 1967; Serjeant, 1984). 

 
The ionization constant describe the proportion of different ionic species in which the 

substance is divided at different pH. The ionic species differ in physical and biological properties 
as well (Meloun et al., 1988). 

 
The survey of literature shows that the ionization constant data in aqueous and non-aqueous 

solvents at different temperatures are not frequently available (Sing et al., 1985, Meloun et al., 
1988; Papnastasiou, 1989). The pKa values are temperature and solvent concentration dependent 
therefore these data re very important in pharmaceutical industries, in spectroscopy and in biology 
(Sing et al., 1985; Meloun et al, 1988; Guillen et a1, 1988; Barsoum et al., 1987). 

 
The technique of potentiometric method for the determination of pKa values, has been 

improved to obtain better and accurate results as compared to reported pKa values in the literature. 
Further refinement to get better result was achieved through computer program which was used 
for analyzing the experimental data without any approximination. The program has been written to 
work on IBM PC XT/AT or compatible computers. 

 
Theory: 

Any monobasic acid dissociation as follows 
 

 
 
When titrating an acid with base, electrical neutrality gives 
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If Ca is total ion concentration of acid taken then 
 

 
 

Substituting the value of [A-] in Eq. (7), we get 
 

 
 
 

Eq. (3), Eq.(5) and Eq.(8) have been used to calculate pKa using no approximation. 
 
 

Experimental 
 

The double quartzed and degassed water was used for the preparation of all solutions. The 
chemical reagents used were of analytical grade and were used without further purification. Stock 
solutions of 0.1 M sodium hydroxide in water and in 10, 20, 30 and 40 percent dioxane-water, 
0.01 M ascorbic acid and 0.0197 M benzoic acid were prepared. Fresh and distilled dioxane was 
used in preparation of solutions. All sodium hydroxide solutions prior to use were standardized 
with primary standard by potentiometric method. The PHILIPS PW 4920 digital pH-meter was 
coupled with Ingold combined glass and Ag/Agcl saturated with potassium chloride reference 
electrode, was used. The glass electrode was calibrated against standard buffers of 0.05 M sodium 
pthalate (pH 25°C = 4.00) and 0.01M sodium tetra borate (pH 25°C = 10.012). All measurements 
of sample solution were performed in double walled glass cell of which temperature was 
maintained constant by circulating water from JULABO thermostated bath accurate to ± 0.01'. The 
sample was kept inert by bubbling a purified and dried nitrogen gas and mixed by stirring with 
magnetic stirrer. For dispensing titrant the Mettler DV-210 burette readable to 0.01 ml was used. 
 

The potentiometric measurements were performed by titrating 50 ml of sample in cell at 20, 
25, 30, 35, 40, 45 and 50°C with sodium hydroxide prepared in water in 10, 20, 30, 40 percent 
dioxane- water solvent at 25°C. 
 

Results and Discussion 
 

The thermodynamic pKa values of ascorbic and benzoic acids were calculated from the 
corresponding titration of 50 ml of 0.01 M ascorbic acid with O.IM sodium hydroxide. The pKa 
value were calculated by means of computer program in GW-Basic for monobasic acids. The 
experimental data and computer out put is presented in Table 1. 
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Results summarize in Table 2 shows the effect of temperature on pKa values of ascorbic acid. 
Fig.1 further shows that as temperature increases from 25 to 50°C then pKa values of ascorbic 
acid decreases from 4.159 to 3.550 and total decrease is 0.690 unit and parabolic curve is seen. 
Value obtained at 25°C is closed to the reported value (Sing et al., 1985). 

 
Table 3 and Fig.2 shows that as temperature increases from 25 to 50°C there is no regular 

decrease in pKa values of benzoic acid. As temperature increases from 20 to 30°C then pKa values 
decrease while further increase in temperature upto 50°C again increase the pKa values. Effect of 
solvent concentration on pKa value for both acids also investigated. Mixture of water and organic 
solvents particularly dioxane in popular media for studying acids behaviour (Sergeant et al., 
1984). In present case we used dioxane as non-aqueous solvent. The influence of composition of 
dioxane on dissociation equilibria was investigated by plotting pKa vs percent composition. 

 
Fig.3 shows that as percent composition of solvent increases from 10 to 40 then pKa values of 

ascorbic acid increase from 4.235 to 4.133 and total increase is 0.898 unit. 
 
Fig. 4 shows that as percent composition of dioxane-water increases from 10 to 40 then pKa 

values of benzoic acid increase from 4.57 to 5.16 and total increase 0.59 unit. 
 
Effect of composition of solvent on pKa values shows the effect of dielectric constant. The 

dielectric constant (E) of a solvent expresses its effect on the electrostatic force between ions. The 
work of separation of ions will vary inversely with dielectric constant of the solvents. Results 
shows greater resolution in non-aqueous media as compare to aqueous media. 

 
The change in thermodynamic parameters i.e. Gibb's free energy (AG), ethalpy (OH) and 

entropy (AS) can be found from the variation of its equilibrium constant with temperature. 
 

Fig. 5 shows the effect of temperature on AG values for ascorbic acids while Fig.6 shows the 
effect of temperature for benzoic acid. 

 
It is concluded that both temperature and solvent nature effect on pK. values. 
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