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INTRODUCTION

Fractals are geometric representations of strongly disordered systems whose structure is
described by nonintegral dimensions (1, 2). A fundamental tenet of fractal geometry is that
disorder persists at any characterization scale-length used to describe the system. The
nonintegral nature of these fractal dimensions is the result of the realization that a
disordered system must possess more structural detail than an ordered system with
classical dimensions of 1, 2, or 3 in order to accommodate this "disorder within disorder".
Thus from a fractal perspective, disorder is seen as an inherent characteristic of the system
rather than as a perturbative phenomena forced upon it (2).

Humic materials are organic substances that are formed by the profound alteration of
organic matter in a natural environment. They can be operationally divided into 3
fractions; humic acid (soluble in base), fulvic acid (soluble in acid or base), and humin
(insoluble in acid or base). Each of these fractions has been shown to be an extremely
heterogeneous mixture. These mixtures have proven so intractable that they may
represent the ultimate in molecular disorder (3). In fact, based on the characteristics that
humic materials must possess in order to perform their functions in natural systems, it
has been proposed that the fundamental chemical characteristic of a humic material is not
a discrete chemical structure but a pronounced lack of order on a molecular level (3).

If the fundamental chemical characteristic of a humic material is a strongly disordered
nature, as has been proposed (3), then humic materials should be amenable to
characterization by fractal geometry. The purpose of this paper is to test this hypothesis.

EXPERIMENTAL

Humic acid (HA) and/or fulvic acid (FA) from a stream sediment, soil, lignite and an
aquatic humus sample were isolated and characterized using traditional techniques (4, 5,
6).

To measure the disorder of each material the samples were characterized by small-
angle x-ray scattering (SAXS) using the 10 meter SAXS camera at the Center for Small-
Angle Scattering Research at Oak Ridge National Laboratory. The x-ray source in this
instrument produces monochromatized Cu Kct radiation. The source was operated at 40
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kV and 100 ma. Samples were pressed into 1 mm thick holders. Scattering was recorded at
sample to detector distances of 5.1 meters and 1.7 meters. The scattering data from each
analysis was combined by a vertical translation. This allowed the scattering behavior of
each sample to be measured over the entire working range of the SAXS instrument.
Scattering which results from fractal substances conforms to a power law where the
intensity of the scattered x-rays, [I(q)L as a function of the scattering vector, q, is
proportional to q raised to some exponent that is a function of the fractal dimension (D) of
the substance (7). To determine if scattering from humic materials follows a power law,
log-log plots of I(q) versus q were constructed for each humic or fulvic acid. If scattering
from humic materials obeys a power law this plot will be a straight line. The slope of this
plot is the power law exponent and it can be used to determine D.

RESULTS AND DISCUSSION
Can humic materials be described by fractal geometry?

Figure 1 is a log-log plot of I(q) versus q which is typical of the humic materials
characterized in this study. This plot is a straight line which indicates that x-ray scattering
by humic materials can be described by a power law. Power-law scattering by humic
materials is observed over a range of scattering vectors covering approximately 2 orders of
magnitude. This corresponds to scale-lengths ranging from approximately 3 A to 65 A.
This satisfies the criterion that disorder in the sample be observed regardless of the scale-
length of the measurement. Consequently humic materials can be described by fractal
geometry, at least in the solid state.
What type of fractals are humic materials?

A mass fractal is a fractal for which both its mass and its surface scale alike. Its power-
law behavior is described by equation (1). A surface fractal is one in which only surfaces
exhibit fractal properties. The power-law behavior of a surface fractal is described by
equation (2). For a mass fractal the power-law exponent, Dm, is less than or equal to 3. For a
surface fractal the magnitude of the power-law exponent is within the following range: 3 <
6-D s<4(7).

Examination of the power-law exponents in Table 1 readily identifies both humic and
fulvic acids as surface fractals.

Table 1. Power law exponents and fractal dimensions of various humic materials.

Sample
Stream Sediment FA
Soil FA
Lignite FA

Stream Sediment HA
Lignite HA

Aquatic Humus

Power Law Exponent
3.7
3.5
3.2

3.8
3.7

3.5

Fractal Dimension
2.3
2.5
2.8

2.2
2.3

2.5



What are the fractal dimensions of humic materials?
* In" equation (1) Dm is the fractal dimension of a mass fractal. In equation (2), Dg is the

fractal dimension of a surface fractal. Thus, the fractal dimension of a surface fractal is
readily calculated from the exponent of the power-law which describes its scattering
behavior. Table 1 gives the fractal dimension of the humic and fulvic acids characterized in
this study. While this study is based on a limited number of humic and fulvic acids, it
appears that humic acid may be characterized by a smaller Ds than fulvic acid.

IMPLICATIONS
Fractal geometry provides a tool that can be used to characterize the structure of

strongly disordered materials. This study has demonstrated that it is possible to describe
the nature of humic materials using the concepts of fractal geometry. As the understanding
of the fractal structure of humic materials grows it may be possible to create a detailed
picture of a variety of geochemical processes in natural systems such as the aggregation of
organic colloids, the structural evolution of organic matter during its diagenesis and
metamorphism, or the interaction of humic materials with anthropogenic organic
chemicals.
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Figure 1. Small-angle x-ray scattering intensity for a stream sediment humic acid.
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