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Humic acids are an important component of natural ecological systems and represent a
polydisperse complex of natural biopolymers with molecular masses from several to hundreds
kilodaltons. They are both a source of organic compounds and a protector against anthropogenic
pollutions of biosphere. The aim of the report is to underline some possibilities of small-angle X-ray
and neutron scattering to study HA and their fractions.

Humic acids (HA) are a complicated dynamic complex of natural organic high
molecular compounds which are the main part of carbon dissolved in waters and
organic matter of soils [1]. The main functions of HA are [2]:

• accumulation of chemical elements and energy necessary for living organisms;
• transportation of mineral and organic matter;
• regulation of formation of soil structure, reaction of ionic change between solid

and liquid components, acid-alkali regime, conditions of feeding of living
organisms, heating regime;

• protection of soil and soil waters from toxic compounds.

HA are formed in soils, peats, coals and other natural bodies. There is a well-
known artificial source of HA—compost refuse—which is used in agriculture to
fertilize soils. Because of their practical and scientific importance, HA are of current
interest and studied by all available chemical and physical methods (for the
introduction to science of humic acids see [2]; for the last achievements in the study of
HA by different techniques see [3,4,5]).

The content of different chemical elements in HA is well studied. In spite of
this fact there is no exact chemical formula for HA. All proposed variants have a
schematic character and take into account mainly the composition of HA but not their
special structure. The reason is a high polidispersity of these compounds.

To describe the polidisperisty of polymeric systems the mass-molecular
distribution (MMD) is used. One can judge about the mass-molecular distribution of
HA by the chromatography pattern for HA from chernozem and compost in Fig.l.
Three fractions—high-molecular A-fraction and low-molecular B- and C+D-
fractions—are distinguished clearly for these sources.

In resent years the use of small-angle X-ray and neutron scattering for studying
HA is actively developed [6,7,8,9,10]. It is due to the fact that small-angle scattering
can give information about the conformation of the object without any a priory
assumptions.

Here we present the results of the work on comparative analysis of HA and
their fractions from chernozem (Russia) and compost refuse (Germany) by X-ray and
neutron scattering [9,11],
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Fig.l. Chromatographic patterns for (a) chernozem (Russia); (b) compost (Germany). 10 mg of HA on
the 1.5x100 cm column with Sephadex G-75 [11].

The total preparation and A, B, C+D fractions of HA (see Fig.l) were studied.
The fractions were obtained by the technique of the combination of Gel
Chromatography and PAAG Electrophoresis [12]. H2O/D2O mixtures with lOOmM of
NaOH were used as buffers. The concentration of HA was 10-12 mg/ml. The X-ray
scattering experiments were performed at the B15-A small-angle camera of the
Photon Factory (Tsukuba, Japan) [13]. The neutron scattering experiments were
carried out at the YuMO time-of-flight small-angle scattering spectrometer of the
D3R-2 pulsed reactor (Dubna, Russia) [14].

Experimental curves for the total preparation and fractions of HA are
presented in Fig.2,3,4. To see clearly the preferable conformation of the molecules the
data are shown with the Kratky plot (I(s)s2 vs. s, where s is the module of scattering
vector). The presence of plateau on the Kratky plot (Fig.2) points to the coiled
conformation of molecules as the presence of line dependence (Fig.3) points to the
elongated rod-like structure. Using the theory of small-angle scattering by polidisperse
systems [15] the molecular mass, radius of gyration and parameters of the mass-
molecular distribution were estimated [11]. The results are presented in Table 1. The
Mz/Mw parameter was determined for coiled conformation, the <M >W/MW

3 parameter
was determined for rod-like conformation. These parameters show the rate of the
polydispersity of the HA molecules in solution.
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Fig.2 Kratky plot for the total preparation of HA Fig.2 Kratky plot for the total preparation of HA
from chernozem (•) and its A-fraction (o). For from compost (o) and its A-fraction (•).
comparison, the plots for an ideal Gaussian coil
(-O-) and branched coiled molecule with the same
dimension (-•-) are presented.
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Fig.3 Kratky plots for the B (o) and C+D (V) fractions of HA from chernozem and compost. Open
symbols are for chernozem, filled ones- for compost.

The main conclusions of this work are

• There is a great difference both in HA conformations and MMD for humic acids
from different sources.

• Total preparations of HA from chernozem consist mainly of low molecular mass
components in contrast to humic acids from compost.

• Macromolecules in HA fractions of chernozem have preferentially a branched
coiled conformation while those of compost have an elongated rod-like
conformation.

Thus small-angle scattering gives us the possibilities to study the conformation
of these complex biopolymers and obtain the parameters of the molecular-mass
distribution.

Table 1. Basic parameters of humic acids and their fractions.

Chernozem

Preparation

A-fraction

B-fraction

C+D fraction

Total

<Rg :>2
1/2(A)

104+5

96±5

140+5

108±5

M2/Mw or <M3>w/Mw
3

1.8±0.2

2.8+0.2

0.7±0.3

2.1+0.2

Suspected conformation

Branched coiled

Branched coiled

Rod-like

Branched coiled

Compost

Preparation

A-fraction

B-fraction

C+D fraction

Total

<Rg2>2
1/2(A)

193+/-1O

235+/-15

180+/-10

236+/-15

M2/Mw or <M3>W/MW
3

0.7+/-0.3

1.6+/-0.4

1.6+/-0.4

O.8+/-0.3

Suspected conformation

Rod-like

Rod-like

Rod-like

Rod-like
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