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Heterogeneous equilibria in saturated solutions of sparingly soluble diprotie 
acids: 1,2-, 1,3- and 1,4-benzenediearboxylie acid, and oetanedioic acid, 
respectively, at ionic strength I = 1 (NaC1) and the temperature of 25 °C, have 
been investigated. The corresponding equilibrium constants were determined by 
the application of three independent methods: the formation function method, 
the method of protons bound to the acid in the solution and the solubility 
method. The results obtained by these three different methods are in good 
agreement. 
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Untersuchung heterogener Gleichgewichte in ges~ittigten L6sungen schwerl6slicher 
diprotischer S~iuren 

Es wurden die heterogenen Gleichgewiehte in ges~ttigten L5sungen 
schwerlSslicher diprotiseher S~uren (Benzol-l,2-, -1,3- und -1,4-dicarbons~uren 
und Oktandis~ure) bei einer Ionenst~rke I = 1 (NaC1) und der Temperatur yon 
25 °C untersueht. Die entsprechende Gleichgewichtskonstanten wurden mit drei 
unabh~ngigen Methoden bestimmt: mit der Methode der Bildungsfunktion, der 
Methode der an die Si~ure in L5sung gebundenen Protonen, bzw. mit der 
Methode der L5slichkeitsbestimmung. Die erhaltenen Ergebnisse stehen in 
guter Hbereinstimmung. 

Introduction 
In the present paper equilibrium processes in heterogeneous systems 

consisting of a sparingly soluble diprotic acid and its saturated solution 
have been studied. For these investigations, which have not been 
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h i the r to  pe r fo rmed ,  we have  modi f i ed  the  m e t h o d s  desc r ibed  in one of 
our  ear l ier  p a p e r s  on the  i nves t iga t ion  of  he te rogeneous  equ i l ib r i a  in 
sys t ems  of  some p r o t o n a t e d  metal(II)--EDTA-complexes 1. 

Experimental 

The pH-measurements were made on a Radiometer PHM4c  pH-meter,  
equipped with a glass-calomel assembly. 

The solutions used were prepared with doubly distilled water and standard- 
ized in the usual manner. The ionic strength of all the solutions was kept 
constant, I = 1 (NaC1). The equilibrium concentration of hydronium ions was 
obtained from measured pH-values and the mean activi ty coefficient, which 
amounts for this ionic strength to 0.723 . The measurements were performed at  
25 + 0.1 °C. 

The initial solutions were 0.1000 M with respect to the disodium salt of the 
corresponding diprotie acid. Equal aliquots of these solutions (20ml) were 
acidified with 0.1000 M hydrochloric acid and thermostated. The equilibrium 
time was followed pH-metrically in the course of l:h. The solutions were then 
separated from the precipitate and further investigated. From one part  of the 
separated solutions the concentration of neutralizable protons was determined 
by pH-metric t i trat ion with standard sodium hydroxide solution (0.0300 to 
0.200021/). The other part  of the separated solutions was used for the 
determination of the stoichiometrie solubility of the acids studied. The lat ter  
solutions were neutralized with sodium hydroxide ~nd then the actual coneen- 
trat ion of the corresponding salt was determined spectrophotometrieally. 
Measurements being made at  absorption maxima wavelengths, which in case of 
1,2-, 1,3- and 1,4-benzenedicarboxylic acid corresponded to 273 nm, 278 nm, and 
24:0 rim, respectively. 

Experimental data  were processed by means of suitable programs with a 
Texas Instruments TI-58 programmable calculator. 

Results and Discussion 

Hete rogeneous  sys tems  i n v e s t i g a t e d  in th is  p a p e r  cons is ted  of  
s a t u r a t e d  aqueous  so lu t ions  of  1,2-, 1,3- and  1 ,4 -benzened ica rboxy l ic  
acid,  and  oc taned io ic  acid,  r espec t ive ly .  I n  these  sys tems ,  be tween  the  
solid phase  (H2A)~ and  the  solut ion,  the  fol lowing equi l ib r ia  m i g h t  t a k e  
place:  

(H2A)~ + 2H~O ~ 2HaO + + A ' 2 - . . . K ,  = [H30+] 2.[A ~-] (1) 

( H 2 A ) , + H ~ O ~ H a O  + +HA- . . .K2=[HaO+J. [HA -] (2) 

(H~A), ~- H~A . . .  K~ = [H~A] (3) 

The  co r respond ing  equ i l ib r ium cons t an t s  K 1 ,  K 2  and  K u were  
d e t e r m i n e d  b y  the  a p p l i c a t i o n  of th ree  i n d e p e n d e n t  m e t h o d s  based  on 
the  d e t e r m i n a t i o n  of  t he  f o r m a t i o n  funcOon , the  concen t r a t i on  of  
p ro tons  b o u n d  to the  ac id  in the  solut ion,  and  the  s to i ch iomet r i c  
so lub i l i t y  of the  acid,  r espec t ive ly .  
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Formation Function Method 

This method is based on the determination of the average number of 
protons bound per mole of the acid: 

[HA - ]  + 2 [H2A ] + 2 [H2A]. 
r7 . . . .  (4) 

Ctot 

In the equation given, [H2A]. corresponds to the number of moles of the 
acid which are precipitated from 1 l of the solution, and Cto, denotes the 
stoichiometrie concentration of the acid which would be present in the 
solution, if the total amount of the precipitate were dissolved. 

From mass-balance it follows that:  

C . . . .  [A 2-] + [H A - ]  + [H2A ] + [H2A]" (5) 

By combining equations (1), (2), (4) and (5), there is obtained the 
relation: 

Cto, [Ha0 +] (2 r~,ot) 2 K1 - - - -  + K ~  (6)  [H~0*] 

from which the equilibrium constants K1 and Ks2 can be calculated by 
linear regression analysis. The value of the expression on the left side of 
this equation can be determined if the magnitude of ~to, is known; the 
latter is calculated from the experimental data  in the following way: 

[HCI] -- [Ha0 +] + [ O H - ]  
. . . .  (7) 

Ctot 

In the above expression [HCI] corresponds to the stoichiometrie 
concentration of hydrochloric acid added to the solution of the neutral 
salt of the corresponding diprotic acid, and [HzO +] denotes the 
equilibrium concentration of hydronium ions. The concentration of 
hydroxide ions in strongly acid solutions in which the measurements 
were performed, is negligibly small. 

Method of Protons Bound to the Acid in the Solution 

The concentration of protons bound to the acid in the solution, 
[H +]b, which is experimentally determined from the difference between 
the neutralizable protons in the solution, [H +] .... and the concentration 
of hydronium ions, can be expressed as follows: 

[H+Jb ---- [H+Jtot -- [HaO +] = [ H A - ]  + 2 [H2A ] (8) 

From the equation (8) and the expression for the corresponding 
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equilibrium constants [eqns. (2) and (3)] there is obtained the relation: 

[H+]  ~ K 2 
- -  ~ + 2 K~ (9) 

[n~o + ] 

from which the constants K 2  and K a can be calculated by  linear 
regression analysis. 
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Fig. 1. Diagrams used in the determination of the equilibrium constants in the 
system of 1,2-benzenedicarboxylie acid: formation function method (a); the 
method of protons bound to the acid in the solution (b). The distribution diagram 

(c). C . . . .  0.1 M, I = 1 (NaCI), t = 25 °C 

Solubility Method 

This method is based on the determination of the stoichiometric 
solubility (S) of investigated acids at  different pH values: 

S = [A n-]  + [ H A - ]  + [H2A] (]0) 

From equations (1)-(3) and the equation (10), we obtain: 

S [ H 3 0 + ]  ~ = K 1  + K ~ [ H g O  +] + K ~ 3 [ H 3 0 + ]  2 (11) 

By applying the regression analysis to a series of equations of this type,  
all three equilibrium constants can be calculated 3. 
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From equations (6), (9) and (11) it follows tha t  the applicabili ty of 
the methods described for the determinat ion of individual constants,  as 
well as the precision of their estimation, depend on the absolute 
concentrat ion of individual species in the solution and their relative 
ratio. 
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Fig. 2. Diagrams used in the determination of the equilibrium constants in the 
system of 1,3-benzenedicarboxylie acid: formation function method (a); the 
method of protons bound to the acid in the solution (b). The distribution diagram 

(c). C . . . .  0.1 M, I = 1 (NaC1), t = 25 °C 

Equil ibrium constants determined in a heterogeneous system offer 
the possibility for the calculation of acid dissociation constants Ko, and 
K.2 (K°, = [H30 +] [ H A - 3 / E H 2 A ] ;  Ko2 = [H~0 +] [ A 2 - ] / [ H A - ] ) ,  by 
means of the following relations: 

T K 1  = p K  2 - -  p K  3 (12) 
p K  2 = pKs~ -- p K  2 (13) 

In  cases when the solubility of the acid was sufficiently high, the acid 
dissociation constants  were determined by  pH=metric t i t ra t ion of its 
homogeneous solution according to Rossotti-Rossotti 's method ~. 
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Figs. 1 to 4 show the diagrams used for the determinat ion of 
equilibrium constants in heterogeneous systems studied, as well as the 
distribution diagrams in heterogeneous and homogeneous systems, 
calculated by  the usual procedure ~ on the basis of the evaluated 
equilibrium constants. All these diagrams relate to C . . . .  0.1 M. 
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Fig. 3. Diagrams used in the determination of the equilibrium constants in the 
system of 1,4-benzenediearboxy!ic acid: formation function method (a); the 
method of protons bound to the acid in the solution (b). The distribution diagram 

(c). C . . . .  0.1 M, I = 1 (NaCI), t = 25°C 

From Fig. I c which illustrates the distribution of components  in the 
system of 1,2-benzenedicarboxylie acid, it is seen tha t  the concentrat ion 
of the species A *- in the solution of the heterogeneous system is very 
small, and tha t  it decreases continuously with decrease in pH value. 
Therefrom it follows tha t  the corresponding equilibrium constant  ( K , )  
could not be determined by  methods described. However,  by pH-met r i e  
t i t ra t ion of the homogeneous solution of 1,2-benzene diearboxylic acid 
its acid dissociation constants have been determined, and from them the 
corresponding equilibrium constant  K~  was calculated by the appli- 
cation of equation (13). 
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On the contrary,  in case of 1,3- and 1,4-benzenedicarboxylic acid the 
concentration of the species H2A in the solution of the heterogeneous 
system is relatively small, but  constant  (Figs. 2 c and 3 c). Therefore, in 
case of less soluble 1,4-benzenediearboxylie acid, the constant  Ksa could 

r ,  t ,~ 1.2 

~ a6 

0 I I I 

2 z I/[HjO~.JO "t 
Q 

3 

2 

I 

0 
~ I/tH~O÷J,10 z 
b 

I - - ~ H E T E R O G E N E O U S  

S Y S r E H  

0.5r- , ~ 

HOMOGENEOUS " J 
SYSTEM 

6 p H  

C 

Fig. 4. Diagrams used in the determination of the equilibrium constants in the 
system of octauedioic acid: formation function method (a); the method of 
protons bound to the acid in the solution (b). The distribution diagram (c). 

C . . . .  0.1M, I = I  (NaC1),t=25°C 

be determined approximate ly  only by  the method of bound protons. 
Low solubility of these acids renders impossible a successful t i t ra t ion of 
their  homogeneous solutions. 

F rom Fig. 4 c it is seen tha t  the absolute concentration of individual 
species and their  relative ratio in the solution of the heterogeneous 
system of octanedioic acid are very  suitable for the determinat ion of all 
the equilibrium constants.  

Concentration equilibrium constants  and the corresponding 
s tandard  deviations, determined by  the method described in hetero- 
geneous and homogeneous systems studied, are summarized in Table 1. 
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The Table shows tha t  the equilibrium constants in heterogeneous 
systems, determined by  different methods, are in good agreement.  
Besides, the acid dissotiation constants in homogeneous systems, 
determined experimental ly whenever possible, are consistent with those 
calculated on the baasis of the equilibrium constant  determined in the 
corresponding heterogeneous systems. 

Equil ibrium constants determined in this paper, besides other 
application, are indispensable for the t r ea tment  of two-phase buffer 
systems consisting of a sparingly soluble diprotic acid as the solid phase 
and its sa tura ted  solution (buffered phase), the lat ter  will be subject of 
our further  investigation. 

Acknowledgement 

The authors are grateful to the Serbian Republic Research Found for 
financial support. 

References 

i Janjid T. J.,  Pfendt L. B., Celap M. B., J. Inorg. Nucl. Chem. 41, 1019 (1979). 
2 N~isiinen R., Meril~iinen P., Suomen Kern, 33 B, 149 (1960). 

McCalla T. R:, Introduction to Numerical Me~hods and Fortran Programm- 
ing, p. 239. New York: Wiley. 1967. 

4 Ro88otti F. J. C., Rossotti H., The Determination of Stability Constants, p. 110. 
New York: McGraw-Hill. 1961. 
~ucha L., Kotrl~ St., Solution Equilibria in Analytical Chemistry, p. 65. 
London: van Nostrand Reinhold Co. 1972. 


