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Two-phase buffer systems consisting of a sparingly soluble diprotic acid and 
its saturated aqueous solution (buffered phase) are investigated. The equations 
for the dependence of buffer capacity on pH and for evaluation of dilution effects 
in two-phase buffers of this type are derived. Theoretical considerations are 
experimentally verified on  four buffer systems containing 1,2-, 1,3-, 1,4- 
benzenedicarboxytic and octanedioie acid. The main characteristic of the buffers 
of this type is a very high buffer capacity within a narrow pH range. 
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Zweiphasen-Puffersysteme mit einer schwerldslichen diprotisehen Siiure als feste 
Phase 

Zweiphasen-Puffersysteme, bestehend aus einer schwerlSslichen 
diprotischen S/iure and ihrer ges~;ttigten wggrigen L5sung (gepufferte Phase), 
wurden untersucht. Die Gleichungen fiir die Abh~;ngigkeit der Pufferkapazitgt 
yore pH und ffir die Bereehnung der Verdiinnungseffekte in derartigen 
Zweiphasen-Puffersystemen wurden aufges~ellt. Dabei wurden die 
theoretischen Betrachtungen an vier Puffersystemen, die Benzol-1,2-, -1,3- und 
-1,4-dikarbons~;uren bzw. Oktandisgure enthielten, experimentell gepriift. Die 
wichtigste 'Eigensehaft solcher Puffer ist ihre sehr hohe Pufferkapazit/~t 
innerhalb eines engen pH-Bereiches. 

Introduction 

In one of our earlier papers ~ two-phase buffer systems consisting of a 
sparingly soluble monoprotic acid as the solid phase and its saturated 
aqueous solution (buffered phase), have been investigated. I t  has been 
established that  the buffers of this type, contrary to classical 
(monophase) buffers, possess a very high buffer capacity over a narrow 
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p H  range. Cont inuing these invest igat ions in this paper  we have s tudied 
two-phase  buffer  sys tems consist ing of  a spar ingly  soluble diprot ic  acid 
and its sa tu ra ted  aqueous  solution. 

Experimental  

All apparatus used and the experimental conditions applied in this paper 
were analogous to those described in oar previous paper 2. All experiments were 
performed in solutions of constant ionic strength, I = 1 (NaC1), at 25 ± 0.1 °C. 

In direct titrations of sparingly soluble diprotic acids, a suspension 
containing 2" 10 -3 mole of corresponding acid in 20 ml of sodium chloride, was 
titrated with a standard I M sodium hydroxide solution. The equilibration time 
in vigorously stirred systems was from 2 to 3 minutes. In reverse titration, 20 ml 
of 0.1 M solution of disodium salt, of the corresponding diprotic acid in sodimn 
chloride was titratcd with a standard 1 M hydrochloric acid solution. The 
equilibration was almost instantaneous except in case of 1,2- 
bcnzenedicarboxylie acid, due to the formation of a supersaturated solution. 

For determination of dilution effects, a suspension containing 2" 10 -3 mole 
of corresponding acid in 20 ml of sodium chloride was partiMly neutralized with a 
standard sodium hydroxide solution, and after equilibration p H  was measured. 
The solution was then diluted with an equal volume of 1 M sodium chloride and 
the pH value was measured again after equilibration. 

Experimental data were processed by means of suitable programs with a 
Texas Instruments TL58 programmable calculator. 

Results  and Discuss ion  

Mathemat ical  Considerations 

I n  two-phase  buffer sys tems conta in ing a spar ingly soluble diprot ic  
acid (H2A) as the  solid phase,  the  following equilibria are possible: 

2 (HeA)8 + 2 H 2 0  ~ 2 H 3 0  + + A 2 -  K,  M = aH~o+ "CA~ (1)* 

(H2A), + H20  ~ H30  + + H A -  K ~  = a~,o+ "CHA- (2) 

(H2A)~ ~- H2A K~3 = cn~x (3) 

According to  ~he definition, buffer  capac i ty  is given by  the  %llowing 
expression: 

dCb 
= (~) 

d p H  

The s toichiometr ic  concent ra t ion  of  the  s t rong base in the  solut ion of  
such a heterogeneous sys tem is given by  the  equat ion:  

eb = 2 eA~- + ella ~- + Con- --  C~I~O÷ (5) 

* aH~O+ = 1.10-P ~. 
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By making the corresponding replacement from eqs. (1)-(2), the eq. (5) 
becomes: 

2 K M K M K~ s2 all30 + 
% -- g O  ÷ H  + ~ (6) aH~ 0 + y ag3o + y 

dc b 

d aH~ o + 

In view of eqs. : 

In this equation y denotes the mean activity coefficient. Differentiation 
of eq. (6) gives the expression: 

K M K M 4 sl s2 COH- l 

- - :  4.o  4oo  - ;  (:) 

de b = d% • dart3°÷ (8) 
d p H  dai~o+ d p H  

dcb dCb 

d p H  daH3o. 
- -  (-- 2"3aH~O+ ) (9) 

after the corresponding replacements, the eq. (7) gives the expression for 
the calculation of the total buffer capacity in investigated heterogeneous 
systems: 

-- -- + ~ + 2.3 + (10) 
dpH \a~oo÷ all30÷ / \ y y / 

~H2A ~H~O 

The first term of the eq. (10), (]3g~A), represents the contribution of the 
investigated acid-base pair, and the second term, ([~H~o), the 
contribution of water ions to the total buffer capacity of the solution. 
Since the investigation deals with acid buffers, except for very acid 
solution (pH < 3), [~H~o << 13H2A and therefore the second term of the 
eq. (10) can be neglected with respect to the first one. 

The first term of eq. (10) can be written in the following form: 

~H~A = 2.3 (4 ~ 10 ~ + K~  10 ~ )  (~ l) 

From eq. (11) it is seen tha t  the buffer capacity of the investigated two- 
phase buffers, in contrast to analogous monophase ones, increases 
exponentially with increasing p H  value. However, this increasing is 
limited by the transition of a heterogeneous into a homogeneous system 
which is accompanied with an abrupt decrease in buffer capacity. 
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Therefore, maximum buffer capacity is to be expected just before the 
transition of a heterogeneous into a homogeneous system. Since then the 
quant i ty  of diprotic acid in the precipitate is negligibly small, the 
following may be written: 

Cto t ---- CH2 A -~- CHA- -~- CA2- (12) 

In a homogeneous system Cto t denotes the stoiehiometrie concentration 
of diprotic acid, and in a heterogeneous system Cto t denotes the apparent  
stoichiometric concentration of diprotic acid, i.e. the stoichiometric 
concentration which would be present if the total  precipitate is 
dissolved. 

By combining eq. (12) with eqs. (1)-(3) we get the expression for the 
calculation of the p H  value at which the transition of a heterogeneous 
into a homogeneous system will occur: 

p H  = - - l o g  M [K~2/2 (Ctot -- K~3) + 
(13) 

+ (Cto  - K 3) + - 

The calculation of the buffer capacity in homogeneous systems is 
carried out in the usual manner as for classical (monophase) buffers with 
diprotic acids 3. 

The dilution effect of investigated two-phase buffer systems is 
defined in the following way: 

April~2 = p H  AD -- pHBD (14) 

where pHBD represents the p H  value before dilution, and pHAD tha t  
after twofold dilution of the buffer, the ionic strength of the solution 
being not changed. Theoretical calculation of the dilution effect is based 
on the fact tha t  a twofold dilution of the solution decrease the base 
concentration (%) to one half of its initial value, i.e. %AD) = 0.5 Cb(B~) ), 
whereas the concentration of the molecular acid remains constant as 
long as the system is heterogeneous. 

The base concentration before dilution can be calculated from the 
measured p H  value by means of the following equation: 

rTM~ 2 KM/a 2 
Cb(BD ) = 2 n~l/aH,o+ + 82/ H30 + -- aH~O+/y (15) 

which is obtained from eq. (6) by neglecting the third term relating to the 
concentration of hydroxide ions. Since Cb(BV) = 2 Cb(AD), by replacing this 
value in eq. (15) and by iterative procedure one can calculate the activity 
of hydronium ions, namely, the p H  value after dilution. The dilution 
effect, April~2, is calculated then from the known p H  value before and 
after dilution by means of eq. (14). 
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Experimental Confirmations 

The val idi ty of equations derived above has been verified by  
investigation of four buffer systems consisting of 1,2-, 1,3-, 1,4- 
benzenedicarboxylie acid and octanedioie acid, respectively, and their 
sa tura ted  aqueous solutions, at  constant  ionic strength, I = 1 (NaC1). 

Funct ional  dependence of the buffer capaci ty  on the pH value has 
been experimental ly  determined by  an analysis of the corresponding 
direct and reverse t i t ra t ion curves, respectively. However,  due to a small 
change of the solution volume in the course of the t i t ra t ion a slight 
dilution effect affects the measured pH values which are therefore 
somewhat  lower. This effect is corrected for each t i t ra t ion point by  the 
corresponding ApH value which is calculated by  means ofeq. (15) which 
can be applied for any dilution. The corrected experimental  da ta  are 
given in Fig. 1. 

For the evalution of the theoretical buffer curves, on the basis of the 
derived equations, the concentration equilibrium constants,  determined 
in our previous work 2, have been used. From these values the 
corresponding mixed constants (K~  and i K~2 ), have been calculated 
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Fig. 1. Dependance of buffer capacity on the pH value in two-phase buffer 
systems containing a sparingly soluble diprotic acid: 1,2-benzenedicarboxylie 
acid (1), 1,3-benzenediearboxytie acid (2), 1,4-benzenediearboxylic acid (3), and 
octanedioie acid (4). Experimental data: direct ( O O O )  and reverse ( •  • O) 
titrations; theoretical buffer curves: unbroken line. Cto t = 0.1 M, I = 1 (NaC1) 
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Table 1. pH and dilution effect, April/2, in two-phase buffer systems containing a 
sparingly soluble diprotic acid as the solid phase; Cto t = 0.1 M, I = 1 (~NaCl), 

t = 25 °C 

Diprotic ~ of Neutrali- pH April/2 
Acid zation Found Calculated 

1,2-Benzene- 
dicarboxylic 10 2.60 -- 0.20 -- 0.20 

1,3-Benzene- 10 4.31 -- 0.17 -- 0.17 
dicarboxylic 30 4.59 -- 0.17 -- 0.16 

50 4.74 -- 0.17 -- 0.16 

1,4-Benzene- 10 5.02 -- 0.15 -- 0.15 
dicarboxylic 30 5.30 -- 0.16 -- 0.15 

50 5.41 -- 0.16 -- 0.15 
70 5.50 -- 0.16 -- 0.15 

Octanedioic l0 4.41 - 0.22 - 0.23 
30 4.70 - 0.20 -- 0.20 
50 4.85 -- 0.18 -- 0.19 

using the  va lue  of  0.72 as the  m e a n  a c t i v i t y  coeff icient  4. Theore t i ca l  
buffer  curves  are  p r e s e n t e d  in Fig .  1 a long w i th  e x p e r i m e n t a l  d a t a  
poin ts .  Fig .  ] shows t h a t  the re  is a good  a g r e e m e n t  be tween  them.  
Besides,  f rom Fig.  1 i t  m a y  be seen t h a t  t he  t r a n s i t i o n  of  a he te rogeneous  
in to  a homogeneous  sy s t em is a c c o m p a n i e d  b y  an  a b r u p t  d rop  in buffer  
capac i ty .  

Resu l t s  o b t a i n e d  for t i le  d i lu t ion  effect in all four  t w o - p h a s e  buffer  
sys t ems  s t ud i ed  are  given in Tab le  1. Along  wi th  the  e x p e r i m e n t a l l y  
d e t e r m i n e d  d i lu t ion  effect for d i f ferent  n e u t r a l i z a t i o n  pe rcen tages ,  
Tab le  1 shows also the  t heo re t i ca l  d i lu t ion  effects,  c a l cu l a t ed  f rom 
eqs. (14) and  (15); a good  a g r e e m e n t  be tween  t h e m  is ev iden t .  Besides,  
the  resu l t s  show t h a t  the  d i lu t ion  effect  in two-phase  buffers  of  th is  t y p e  
lowers the  p H  va lue  of  the  solut ion.  

Two-phase  buffer  sys t ems  desc r ibed  in th is  p a p e r  possess  v e r y  h igh  
buffer  c a p a c i t y  in a def in i te  p H  range.  W i t h  respec t  to  the  co r re spond ing  
two-phase  buffers  w i th  s p a r i n g l y  soluble  m o n o p r o t i e  ac ids  these  sys t ems  
are  a d v a n t a g e o u s  due to  cons ide rab ly  h igher  va lues  for t he  m a x i m u m  
buffer  c a p a c i t y  a n d  s ign i f i can t ly  lower d i lu t ion  effects.  A n  i m p o r t a n t  
a d v a n t a g e  of  these  buffers  wi th  respec t  to  classical  (monophase)  ones is 
the  fact  t h a t  the  d i s a p p e a r a n c e  of  the  sol id  phase  is a v i sua l  i nd i ca t i on  of  
an a b r u p t  decrease  of  the  buffer  capac i ty .  

F o r  the  p r ac t i c a l  ' a p p l i c a t i o n  of the  desc r ibed  two-phase  buffer  
sys t ems  i t  is n o t e w o r t h y  t h a t  t h e y  are  eas i ly  p r e p a r e d  b y  p a r t i a l  
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neutralization of the sparingly soluble diprotic acid with sodium 
hydroxide. On account of their properties these buffers can be 
recommended for use in cases when the equilibration time is of less 
importance, and a high buffer capacity is required. 

Finally, it has been shown tha t  the investigated sparingly soluble 
diprotic acids can be determined by the p H  t i t rat ion of the two-phase 
system consisting of the corresponding diprotic acid in the precipitate 
and its saturated solution. 
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