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Summary - The second dissociation constant of salicylic acid (H2L) has been 
determined, at 25° C, in NaCl ionic media by UV spectrophotometric 
measurements. The investigated ionic strength values were 0.16, 0.25, 0.50, 1.0, 2.0 
and 3.0 M. The protolysis constants calculated at the different ionic strengths 
yielded, with the Specific Interaction Theory, the infinite dilution constant, log β1° 
= 13.62 ± 0.03 , for the equilibrium L2- + H+ →←  HL-. The interaction coefficient 
between Na+ and L2-, b(Na+, L2-) = 0.02 ± 0.07, has been also calculated. 

 
 

INTRODUCTION 
 
The second dissociation constant, Ka2 , of salicylic acid (H2L) is very small amounting1 to about   

10-14 M.  Consequently, appreciable concentrations of the conjugate base (L2-), is formed only at 
high alkalinities, pH>13.  Potentiometric acid-base titrations based on the measurements of the free 

OH- ion concentration are poorly informative because [L2-] is calculated as difference of large 
numbers, [OH-] tot – [OH-], thus is affected by large errors.  An additional source of error stems 

from small unavoidable quantities of carbon dioxide as impurity in strong base solutions.  The 
presence of 1% carbonate ion of the total strong base is sufficient to cause errors of 10-20% on the 
[OH-]tot –[OH-] difference.  Finally, the decomposition by photochemical reaction of the salicylate 

ion in basic solutions should be considered.  Appreciable effect might result within completion of a 
potentiometric titration. 
The spectrophotometric determination of Ka2 , based on the differential optical absorbance in the 

UV region of L2- with respect to HL-, should be more accurate.  The measured effect is directly 
related to the L2- ion concentration and the presence of small amounts of carbonate ion has only a 
relatively small effect in the calculation of the protolysis constant. 

In this work the protolysis equilibrium HL- + OH- →←  L2- has been investigated at 25° C in different 
NaCl ionic media, in order to establish the medium effects on the equilibrium constants, i. e. to 
determine the parameters useful in the applications of the Specific Interaction Theory, SIT2,3. 
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EXPERIMENTAL 
 
The spectrophotometric measurements 
Absorption spectra in the UV region were recorded on a series of salicylate solutions of varying 
basicity.  In each series of measurements the total molarities of salicylate, CL, and of the Na+ ion, I, 

were kept constant while the molarity of NaOH, CB, was varied.  The CL values were chosen 

between 10-4 and 2 .10-3 M.  Six level were selected for I : 0.16, 0.25, 0.50, 1.0, 2.0 and 3.0 M.  The 
CB values ranged from 0.01 to 0.3 except for I ≤ 0.25 when CB ≤ 1.  Test solutions were obtained, 

just before the measurements, from the mixing of three solutions having the following 
compositions: I M NaCl, CL° M NaHL (A); I M NaCl, CB° M NaOH (B); I M NaCl (C). 

Assuming the predominance of mononuclear equilibria in the salicylate range investigated and 
furthermore neglecting the presence of H2L as pKa1 ~3, equilibrium and stoichiometric conditions 

yield 

 CL = [HL-]+[ L2-] = [HL-] (1+K [OH-]) (1) 

 

 CB = [OH-]+[ L2-] = [OH-] (1+K [HL-]) (2)  

 
in which K is the equilibrium constant for 

 HL- +OH- →←  L2- + H2O (3)  
 
According to definition, K is related to Ka2 and the ionic product of water by (4) 
 
 K= Ka2 /Kw (4)  

 
Taking as a blank the ionic medium, the absorbance, Aλ, may be expressed as (5) 

 

 Aλ = l (ε1 [HL-]+ ε2 [L2-]) (5)  

 
where l is the optical path, ε1 and ε2 are the molar absorbivities.  In the main experiments the 

reference solution was prepared to contain no NaOH but CL and I identical to those of the test 

solution, then the absorbance difference ∆Aλ, (6), is directly proportional to [L2-]. 

 

 ∆Aλ = l { ε1 [HL-]+ ε2 [L2] - ε1 CL } = 

 = l { ε1 (CL - [L2-]) + ε2 [L2-] - ε1CL } = l {( ε2- ε1) [L2-]} (6)  

 
∆Aλ was measured between 200 and 350 nm to find suitable conditions for determining K.  A 

typical spectrum is given in Fig.1.  
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FIG. 1   Measurements of absorbance, ∆Aλ, carried out on a solution with the following 

composition: 2.1 M NaCl, 0.90 M NaOH, 1.0 .10-4 M NaHL. Blank : 3.0 M NaCl, 

1.0 .10-4 M NaHL 
 
 
The essential changes of ∆Aλ with [OH-] are three bands centered at 220, 246 and 326 nm.  The 

most intense peak at 220 nm seems the most suitable.  Its reproducibility is however very poor due 
to high absorbance of the reference solution in that wavelength range.  On the contrary, the peak at 

246 nm corresponds to a range of λ where HL- ion has a low absorbance so that it was considered 
more appropriate for accurate determinations.  The absorbance at 326 nm, often used by previous 
workers was not used since less intense than that at 246 nm. 
 
Reagents and analysis 
Sodium Hydroxide solutions, CO2-free, were obtained by centrifugation of 50% "oil". To prevent 

air contact the tubes were closed with a suba seal rubber.  An approximately known quantity of 
NaOH was withdrawn with a syringe and, at once, transferred, under nitrogen atmosphere, in a 
calibrated volumetric flask containing NaCl in the desired quantity, freshly boiled bidistilled water 
and soon brought to the mark.  Then the solution was transferred under nitrogen atmosphere in a 
burette.  The accurate hydroxide concentration was determined by titration with HCl using methyl-
red as a visual indicator.  The analyses agreed to within 0.1%. 
Sodium Hydrogen Salicylate stock solutions were prepared from the commercial product Aldrich 
p.a. dried at 105°C.  The salt purity was determined gravimetrically as NaCl. A known amount of 
the commercial product was put in a porcelain crucible and dissolved in the minimum quantity of 
methanol. A large excess of a 37% HCl solution (Merck p.a.) was added dropwise at the warm 
solution and successively evaporated to dryness.  The sample was held at 200°C (the temperature 
recommended for the sublimation of salicylic acid) to constant weight.  As a check NaCl was 
determined by titration with AgNO3 according to Mohr.  The results of gravimetric and volumetric 

determinations agreed to within 0.1%.  The purity of the salt was 99.6 ± 0.3%. 
Sodium Chloride (Merck p.a.), commercial product, was dried at 110°C. 
All solutions were prepared with bidistilled water. 
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Experimental details and apparatus 
Absorbance values between 220 and 260 were measured each 2 nm to collect data for elaboration 
with a numerical procedure4. 
The spectra were recorded two minutes after mixing with strong base.  This time was considered 
sufficiently short to avoid the photochemical decomposition.  Furthermore, as it is known from 
literature5 that alkaline solutions exposed to daylight show significant increases in the absorbance, 
measurement solutions were prepared under subdued light in a thermostatted room. 
All the measurements were made on an Hitachi, model U-2000, UV-visible double beam recording 
spectrophotometer. The temperature of the cell-holder was kept at 25.0±0.3°C by a Grant 
circulating water bath.  Matched quartz cells of 0.1 and 1 cm pathlength were employed.  
Absorbance A was recorded to ± 0.001 units.  
 
 

CALCULATIONS AND RESULTS 
 

The spectrophotometric data were processed by graphical and numerical procedures4. 
 
Graphical treatment 
Combining (6) with (1) one obtains: 
 

 ε = ∆Aλ / (l CL) ={ε0 K [OH-]}/ (1+K [OH-]) (7)  

 
where ε0 = (ε2- ε1). Rearranging (7) one obtains 

 

 ε / [OH-] = ε0 K - K ε (8)  

 

Since [OH-] ~ CB we constructed the graph ε /CB versus ε.  The points were found to fall on a 

straight line indicating the predominance of equilibrium (3). 
For a more accurate evaluation the free concentration of OH- was calculated by successive 
approximations from (1) and (2) using a preliminary K value obtained from the graph ε /CB versus 

ε.  The final step is illustrated in Fig. 2. 
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FIG: 2  - Spectrophotometric measurements carried out at λ = 246 nm in 1.0 M NaCl:  □  CL = 

0.1mM, l =1 cm; ○ CL= 1.0 mM, l = 0.1 cm ; ◊ CL = 2.0 mM, l = 0.1 cm. The straight 

line represents the function ε /[OH-] = 37770 -7.510 ε . 
 
 
The results of the graphical treatment in different ionic media are given in Table 1.  The error 
assigned to the constants represent maximum deviations of the slope and intercepts of straight lines 
drawn through the estimated limits. 
 
Numerical Treatment   

The absorbances, taken at 21 wavelengths, were processed by Hyperquad4.  In the numerical 
treatment titrations were simulated from the knowledge of the total concentrations CB and CL.  

Results are reported in Table 1. 
 
 
TABLE 1 - Survey of the constants obtained at different ionic media and values of ε0 obtained at 

λ=246 nm.  
 

I /M 
 

log Kgraphical 
 

ε0 
 

log Khyperquad(3σ)  

 

σ (∆Aλ) 

 
 

0.16 
 

0.660±0.05 
 

4472 ± 0.219 
 

0.668±0.03 
 

0.0029 
0.25 0.690±0.05 4682 ± 0.219 0.688±0.03 0.0079 
0.50 0.786±0.05 4756 ± 0.186 0.804±0.024 0.0092 
1.00 0.876±0.05 5029 ± 0.069 0.879±0.007 0.0028 
2.00 1.078±0.05 4948 ± 0.049 1.074±0.007 0.0074 
3.00 

 
1.234±0.05 

 
4878 ± 0.039 

 
1.226±0.007 

 
0.0050 
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The numerical values are more accurate for the information on the equilibrium derived from 21 
wavelengths.  The numerical results will be considered in the following treatment. 
The standard deviations of ∆Aλ are not significantly higher than the experimental reproducibility of 

∆Aλ which is estimated to be 0.003. 

 
Extrapolation to zero ionic strength 
The constant valid at the infinite dilution reference state was calculated assuming the validity of the 
specific interaction theory, SIT2,3.  Since the theory is formulated in terms of molal units, constants 
and other quantities given in the molarity scale were converted to molal units.  The conversion 
factors were assumed from Baes and Mesmer6.  According to SIT the activity coefficient, γi, of the i 

species with charge z i can be expressed at 25°C in aqueous solutions as: 

 log γ i = -z i
 2 D + ∑ b(i,k) mk    (9)  

where D = 0.51 (I 0.5)/ (1+ 1.5 (I 0.5)) and b is the specific interaction coefficient of i with species 
k of molality mk.  The sum is extended to all the species k present. 

The variation of equilibrium constant determined in this work can be expressed as: 
 log Km- 2D + log aw = log K° + ∆b I   (10)  

 ∆b =  b( L2-, Na+) - b(HL-, Na+) - b( OH-, Na+) (11).  

For the water activity, aw, values quoted by Robinson and Stokes7 were used.  
The plot of the left hand-side term of (10) against I results in straight line as shown in the graph of 
Fig. 3.  The experimental points were fitted by the straight line calculated with log K° = 0.381 ± 
0.03 and ∆b = 0.083 ± 0.03.  The uncertainties were evaluated from slopes and intercepts of straight 
lines drawn giving still an acceptable fit.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 3  - log Km- 2D + log aw,equation (10), as a function of the ionic strength. The line 

represents the equation  0.381 - 0.083 I.  
 

From the definition (11) a probable value of b(L2-, Na+) is evaluated considering that b(OH-, Na+) 

= 0.04±0.01 and b(HL-, Na+) = 0.06 ± 0.03 are known from literature2,8.  The estimated value of 
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b(L2-, Na+) is 0.02 ± 0.07.  The interaction coefficient between Na+ and L2-  found in this work is 

practically zero and independent on I .  On the contrary the interaction coefficient between Na+ and 
many divalent anions like CrO4

2-, HPO4
2-, SO4

2- are slightly negative and variable with I.  This is 

explained with the tendency of sodium ion to associate with these anions.  We can then infer that 
there is no association between Na+ and L2- ions. 
For further comparisons the constant for the equilibrium 
 L2- + H+ →←  HL-     , β1° 

is evaluated using the constant K determined in this work and the ionic product of water quoted in 
reference 6, yielding log β1° = 13.62 ± 0.03 

 
 

DISCUSSION 
 
The value of log β1 is directly comparable with some results taken from literature and reported in 

table 2. 
 
 
TABLE 2  -  Comparison with previous works. 
  

Method 
 

Medium 
 

log β1 , molar scale 

 
This work 
 

 
Spettrophotometry 

 
0 

 

13.595 
 
13.62 

 0 13.659  

 0 13.710  

 0 13.6911  

EMF, glass 0.1 M NaClO4 13.4012 13.20 
EMF, Pt/ H2 1 M NaClO4 13.3013 12.91 

EMF, glass 0.12 M NaClO4 14.014 13.17 

EMF, glass 0.1 M KNO3 13.6015 13.19 

EMF, glass 
 

0.2 M KCl 
 

13.416 
 

13.08 
 

 
 
These works were carried out by spectrophotometric method and the results, given in the infinite 
dilution state, satisfactorily agree with our value, supporting what we stated in the introduction on 
the reliability of the spectrophotometric measurements of the second acidic constant of salicylic 
acid. 
The remaining works, carried out potentiometrically, are not directly comparable as the authors 
used different ionic media.  To make more significant the comparison the most probable value in 
the different ionic media is calculated from the constant, valid at infinite dilution state, obtained in 
this work by using the SIT.  The results show systematic differences exceeding the experimental 
uncertainty.  The discrepancy is mainly ascribed to the difficulties, already cited in the introduction, 
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due to the deleterious effect that little quantities of CO2 have on the potentiometric determination 
with strong base. 
Even the use of glass electrode in alkaline solution cannot explain the difference as in ref. (13), 
carried out with an hydrogen electrode, the discrepancy still exists. 
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