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DISSOCIATION CONSTANTS OF FULVIC ACIDS, ISOLATED
FROM NATURAL WATERS OF GEORGIA

Abstract. Fulvic Acids (FA) are major organic substances dissolved in natural waters (70-80%)
[1-3]. FA form stable complexes with heavy metals and radionuclides and stipulate migration
forms thereof in natural waters and soils [1,2,4-9] . In spite of numerous researches, data about
the physical-chemical characteristics of FA are heterogeneous.
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The data are also different on one of the fundamental characteristic of fulvic
acids- dissociation constants: pKn,coon and pKu,pn-oH. PKH,coon changes from 1.6 to
7.0 and pKu.pron -from 8.7 to 10.6 [1,10-15] .

Objective of the work was to study dissociation constants and quantity of
carboxyl and phenolic-OH groups of fulvic acids, isolated from natural waters of
Georgia.

After filtration through membrane filters (0.45 pm pore size), the water samples
were concentrated by the frozen method. The concentrated water samples were
acidified with 6 M HCI to pH 2 and was put for 2 hours on water bath at 60°C for
coagulation of humin acids. Then the solution was centrifuged for 10 min at 8000
rpm (Centrifuge T-23). For the isolation of FA from centrifugate was used the
adsorption-chromatographic method. Charcoal was used as a sorbent [1,6].
Desorption of amino acids and carbohydrates was performed by means of 0.1

M HCI. For desorption of polyphenols was used 90% acetone water solution. Elution
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of the fraction of FA was performed with 0.1 N NaOH solution. Obtained alkaline
solution of FA, for the purification was passed through a cation-exchanger
(KU-2-8). The part of the solution was dried under vacuum until the constant weight
was obtained.

For the determination of dissociation constants of fulvic acids was used
potentiometric titration (direct and back titration). 50.0 mg of fulvic acids was
solved in 20 ml 0.05 M NaOH. The end volume of solution by bidistilled water was
reduced to 25 ml(u=0,1 KCI). The titration of alkaline solution of fulvic acids was
performed with 0.106 M HCI. Just after finishing of inverse titration (pH=2.98)
direct titration was started with 0.095 M NaOH. The measurement was made on pH
meter (pH meter(pH-673), after adding of each portion of reagent(0,1ml). Both
direct and back titration was carried out in nitrate area.

For the calculation of dissociation constants of fulvic acids was used the
graphical option of Henderson-Hasselbalch method. Connection between the
concentration of H* ions, dissociation degree and indicator of acidic dissociation
constant is expressed in the equation: pH = pKa - Ig [(1-a)/al].

Dissociation degree o = Ci/Cmax. Where Ci -the concentration of base
(acid),mmol, which was spent on titration of fulvic acids by the before given pH and
Cmax - the quantity of base(acid) which was spent on titration of fulvic acids,on
potentiometric curve, before the pH of the corresponding the magsimum of the peak
. Each concrete value of pH corresponds to determined dissociation degree of given
functional group.Graphically the Henderson-Hasselbalch equation could be shown
in coordinates: pH — Ig [(1-a)/a]. When Ig [(1-a)/a]=0, pH=pKa.

Table 1
Dissociation constants of Fulvic Acids, Isolated
from Natural Waters of Georgia
Research Object % Groups, mmol/g Dissociation Constants
Ash COOH phenol-OH pK cooH PK ph-oH
Lake Paravani 0,50 3.4 1.7 4.4 10.2
Lake Paliastomi 0.58 3.6 1.8 4.0 9.9
Sioni Reservoir 0.82 3.2 1.9 4.1 10.5
River Mtkvari 0.79 3.6 15 4.3 10.0
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Because, during the determination of pKa by the graphical method, great
Importance is given to the straight line of tilt angle, for the creating the graphic was
used the least square method and was calculated acidic dissociation constants of
fulvic acids isolated from natural waters (table 1). pKw,coon changes from 4.0 to 4.4,
and pKu.pn-on changes from 9.9 to 10.5.

According to potentiometric data was calculated the quantity of carboxyl and
phenolic-OH groups.For the calcaulation of the quantity of phen.-OH, back titration
data was processed by Gran method [16]. The containing of carboxyl groups changes
from 3.2 to 3.6 mmol/g and phenolic group from 1.5 to 1.9mmol/g (table 1).
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