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Summuy-Potentiometric titrations in dimethylformamide and dimethylsulphoxide have been performed 
in order to differentiate between the acidic groups of fulvic acids. With dimethylformamide as medium 
the best results have been obtained with potassium hydroxide as titrant, whereas both potassium 
hydroxide and tetrabutylammonium hydroxide yield good titrations in dimethylsulphoxide. The number 
of acidic groups differentiated depended on the solvent and titrant used; in the best case four sharp 
end-points were obtained. Titrations with potassium hydroxide are preferred. 

Humic substances behave like weak-acid poly- 
electrolytes because of their carboxylic and phenolic 
functional groups. These groups in humic substances 
have frequently been studied by potentiometric ti- 
trations in water, but numerical end-point detection 
method@ or numerical analysis by non-linear re- 
gression techniques’s4 must be used to distinguish 
between acidic groups of different strength, allowing 
the determination of up to four end-points in the best 
case. 

The differentiation between acids of nearly equal 
strength in water can be achieved by using organic 
solvents which do not have the levelling properties of 
water, such as dimethylformamide (DMF)s*6 and 
dimethylsulphoxide (DMSO)‘s* both of which are 
good solvents of humic substances. 

There are few reports on titrations of humic sub- 
stances in those solvents. Wright and Schnitzer’ 
obtained a single inflection point in DMF, whereas 
Van Dijk” was able to differentiate between carbox- 
ylic and phenolic groups by using high frequency 
conductometric titrations. Thompson and Chesters” 
used potentiometric titrations in DMF and obtained 
up to six inflections on the titration curve on different 
humic substances. In a more recent work,‘* titrations 
in DMSO containing known amounts of benzoic acid 
and phenol have been proposed. 

In our laboratory we have started research into 
methods for determining the acidity of humic sub- 
stances, and for differentiating between the acidic 
groups on the basis of acidic strength. Fulvic acids 
(FA) were chosen because of their solubility in a 
variety of solvents, and dimethylformatnide and di- 
methylsulphoxide as being good enough media for 
potentiometric titrations. The results obtained in this 
preliminary work concerning total acidic hydrogen 
determination and differentiation of the acidic groups 
are shown in this paper. 

EXPERIMENTAL 

Preparation of fulvic aciah 

A lignite from Puentes de Garcia Rodriguez (Corutia, 
Spain) was used. Its elemental analysis was: C 58.2%, H 
7.1%. N 0.86%. The ash content was 30.1%. The humic 
substances were extracted with OSM sodium hydroxide. 
After centrifugation the extract was acidified with concen- 
trated hydrochloric acid to pH 1 to precipitate the humic 
acids. The FA in solution were concentrated and purified by 
the method of Thurman and Malcolm” on Amberlite 
XAD-8 resin, until the ash content was less than 1%. The 
solution of FA was lyophilysed and the FA were stored in 
a vacuum desiccator. The elemental analysis of the FA was: 
C 48.8%, H 3.8%, N 0.94%. 

Apparatus 

Titrations were done in 20-ml beakers, by adding the 
titrant in 0.02~ml increments. The titrated solution was 
protected by an atmosphere of nitrogen. The average titrant 
volume needed was kept to about 1 ml to avoid high 
concentrations of isopropyl alcohol in the titration mixture. 
The titration was monitored with a combined glass electrode 
with an internal Ag/AgCl reference electrode (Ingold pH 
electrode), the internal reference solution of which had been 
replaced by methanol saturated with potassium chloride. A 
(Crison 517) digital potentiometer was used. The use of 
Pt-calomel modified electrodes did not improve the per- 
formance of the system. 

Reagents 

The solvents used (DMF, DMSO and isopropyl alcohol; 
Merck, GR) were distilled and stored in a nitrogen 
atmosphere. 

The potassium hydroxide and tetrabutylammonium hy- 
droxide (TBAH) used for making the titrants were also 
Merck GR quality. Both were dissolved in isoDroDv1 alcohol 
and standardized daily against benzoic a&l. ce titrant 
concentrations used were 0.2M for the potassium hydroxide 
and 0.2M and 0.08M for the TBAH. 

Calculations 

Two of the methods tested for numerical end-point 
determination made use of derivatives, which were calcu- 
lated by fitting a third-degree polynomial to an interval of 
seven adjacent points centred at the desired point, and 
differentiating the expression obtained. Although this is a 
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more complicated procedure, it is better suited than the 
simpler use of the quotient of increments because it 
smoothes the curve, reducing the effect of experimental 
errors. 

RESULTS AND DISCUSSION 

Three methods were tested to determine the 
inflection points on the titration curve: the dE/dV, 
Gran Ii4 (dY/dE), and Gran IFS (exp[ +n.KE/RTl) 
methods. Linearization of the branches was used in 
both Gran methods together with the correction for 
weak acids for more accurate determination of the 
inflection points.‘6~17 Gran II, though more accurate 
for simple acids, was too complex to deal with the 
mixture of acidic groups found in FA, so it was 
rejected. The dE/d Y and d V/dB methods are similar 
in the plots they produce. but the latter makes end- 
point calculation easier and was the preferred 
method. 

Three titrations were done with each combination 
of t&rant and solvent, for different concentrations of 
FA ranging from 0.5 to 1.25 g/l. Even though the 
shape of the derivative curves is very sensitive to the 
concentration of FA titrated, the position of the 
calculated inflection points remained constant. The 
Pt-modified calomel electrode pair was tested in 
DMSO with potassium hydroxide as titrant but did 
not improve the sharpness of the titration curves. 

Figure 1 shows the titration and derivative curves 

obtained for the combinations of solvent and titrant 
tested. To make the comparison between curves 
easier, the potential or dV{dE is plotted us. meq of 
base added per gram of FA. Table 1 shows the 
end-points obtained with each combination used, as 
well as the precision of the measurement. Informa- 
tion about potential ranges is included. 

The results obtained show a great variation in the 
effect of choice of titrant on the differentiation be- 
tween the acidic groups of FA. As shown in Table 1 
and Fig. 1, the resolution of acidic groups is better by 
titration with potassium hydroxide than with TBAH, 
the former being able to titrate weaker acid groups 
than TBAH can. This could be attributed to the size 
of the TBA cation preventing access to hindered 
groups if the titration is regarded as combined cation- 
exchange and neutralization, but wnflrmation is 
necessary. 

The total acidity values were higher for titrations 
in DMSO than in DMF, despite the more basic 

character of this solvent. However, Glare er al.‘* have 
found that for several acids the acidity constants are 
higher in DMSO than in DMF, so several very weak 
groups could be tit&able, in DMSO, though not in 
DMF. Onthe other hand, FA could be considered as 
a polymer with a spatial structure which is affected by 
the solvent or by the degree of titration.19vM This 
effect, together with the different solvation ability of 
the solvents tested, could account for the differences 
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Fig. 1. Titration of FA in DMF or DMSO with KOH or TBAH in isopropyl alcohol. A, Potentiometric 
titration curves; B, d V/dE curves. Combination codes: a, DMF-KOH, b, DMF-TEAH; c, DMSO-KOH; 

d, DMSCkTBAH 1. 
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Table 1. End-points obtained for FA with various solvent-titrant combinations 

Combination 6 E, m V 

DMF/KOH 815 0.20 
[<O.lO] 

DMF/TBAH 730 

DMSO/KOH 600 

DMSO/TBAH 770 

Water 

0.80 
[0.18] 

End-points, meq/g (bsse/FA) 

2.10 
[<O.lO] 

4.35 
[<O.lO] 

4.05 
[0.13] 

3.35. 3.85. 
[0.20] [O. 151 

6.80 
[<O.lO] 

6.30 
[<O.lO] 

5.70 7.05 
[0.25] [<O.lO] 

5.85 6.75 
[<O.lO] [<O.lO] 

6.75t 

*Indicates doubtful inflection point; values in brackets are standard deviations; tobtained by 
acid-base titration with potassium hydroxide. 

in the inflection-points obtained in the two solvents. 
In addition, slight precipitation appeared in DMF 
when potassium hydroxide was used, indicating 
poorer solvation of the potassium salts of FA by 
DMF. 

The intermediate values obtained could be attrib- 
uted to clusters of acidic groups of nearly equal 
strength in a given solvent, but differing from one 
solvent to another. No attempt was made to attribute 
pK, values to these groups either on the basis of the 
half-neutralization potential, or by comparison with 
benxoic acid, because of the dependence of the scale 
on the kind of group being titrated.‘*i8 

The values obtained in these non-aqueous ti- 
trations agree with those obtained for the ex- 
changeable acidity by acid-base titration in water. 
This acidity is often considered to be the carboxylic 
acidity, which would suggest there is great deacti- 
vation of phenolic groups (salicylic or gallic acid 
type) present in FA or more likely there is an 
overestimation of the phenolic groups by the com- 
monly accepted methods for humic substances (total 
acidity determined with barium hydroxide, minus 
carboxylic acidity). 

This work shows the potential of non-aqueous 
titrations for differentiating acidic groups in FA, 
especially with potassium hydroxide as titrant. The 
method is being extended to other solvents or humic 
fractions in order to evaluate its usefulness. 
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