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Abstract

The concentration dependence of the first moments M1 of fluorescence spectra of the fractions of
humic acids (HA) differing in molecular masses in aqueous solutions within the concentration range 0.5�
50 mg/l is investigated correctly for the first time. For all the HA fractions investigated, up to the concentration
of ~5 mg/l, a substantial increase in M1 value is discovered. It is established that M1 value undergoes
smaller changes with an increase in the molecular mass of HA fraction. Interpretation of the concentration
dependence of M1 is carried out with the help of the hypothesis of associates. Within this hypothesis, the
observed batochromic shifts of the fluorescence spectra of HA fractions with an increase in concentration
are explained by the changes in the conformation of the fluorescing substance and by changes in the
polarity of microsurroundings.

INTRODUCTION

The urgency of the investigation of macro-
structure of humic acids HA in aqueous solu-
tions is due to the fact that only humic sub-
stances possess the entire set of properties that
create specific ecological conditions of global
importance in the water reservoirs of the Earth.
In addition, investigation of the structural sta-
tus of HA macromolecules in an aqueous me-
dium is timely since it is HA that promote de-
gradation of dissolved pollutants (amines, phe-
nols, heterocyclic compounds, heavy metals,
etc.) due to binding them in natural water to
form various complex compounds [1].

The structure of HA macromolecules has
been studied for about 200 years but it is still
the subject of discussions. Till middle 90-es of
the 20 century, the most widespread opinion
(generally accepted paradigm) on the structure
of HA molecule was as follows: there is a nu-
cleus (aromatic carbon framework) and a pe-
riphery (polysaccharide-polypeptide chains) [1].
The molecular fragments of the nucleus and
the periphery of  the same HA molecule are

bond with each other by chemical bonds. Bear-
ers of the specific characteristics of humic ac-
ids are the condensed aromatic nuclei connect-
ed with each other by covalent bonds. Periph-
eral irregular structural elements (peripheral
chains) are variable components; therefore, a
HA is a charged polymer (polyanion) with the
molecular mass up to 300 000 kD which can be
varied. So, HA macromolecules are character-
ized by a wide set of various structures, that
is, they are polydisperse.

Until [2], different hypotheses concerning the
macrostructure of HA in aqueous solutions were
available in literature. For instance, the authors
of [3�5] believe that HA are spherical colloids,
or globular formations, while the authors of
[6�8] assume that the macrostructure of HA is
a flexible chain polymer having polyelectrolyte
nature. There were attempts to conciliate the
opposite hypotheses assuming that the macro-
structure of HA is a mixture of spherical col-
loids and linear polymers [9, 10]. However, this
hypothesis did not obtain recognition. The au-
thors of [2] tried to propose a unified concept
that could clarify understanding of the struc-
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ture of HA. For this purpose, they carried out
a systematic investigation of the concentration
dependences of viscosity coefficient and sur-
face tension of the aqueous HA solutions at dif-
ferent ionic force and pH. As a result, the au-
thors of [2] concluded that the macrostructure
of HA in low concentrations in alkaline media
is a flexible linear polymer, while at high con-
centrations it is a rigid spherical colloid. How-
ever, the mechanism of the formation of a rigid
spherical colloid (for example, due to associa-
tion or twisting of the initial monomer mole-
cule) was not described in [2].

In connection with the problem of HA con-
formation in aqueous solutions,  amphiphilic
properties of these molecules should be stressed.
This is explained by the presence of polar and
non-polar fragments in the structure. Due to
this fact, the formation of supramolecular com-
plexes becomes possible due to self-association.
The occurrence of these processes was estab-
lished, for example, for biological membranes
[11] a simpler molecules [12]. It is amphiphilic
character of HA that is the basis of an alter-
native hypothesis about the structure of  HA
molecules in aqueous solutions, proposed in 1996
[13]. Its essence is that a HA macromolecule is
not a polymer with covalent bonds between all
the atoms in a molecule but a supramolecular
micelle-like aggregate which is composed of
relatively small heterogeneous molecules with
the molecular mass up to 1000 D; the aggre-
gates are able to undergo self-association due
to weak dispersion forces (Van der Waals in-
teractions, ÑÍ�p-, p�p complexes) and H-bonds
[13, 14]. It should be stressed here that [13] was
preceded by [15] in which it was pointed for
the first time to weak hydrophobic interactions
as the factor promoting the formation of the
structure of HA molecule in solution. So, a prin-
cipal provision of  the supramolecular model is
the absence of covalent bonds between rela-
tively small molecules.

Fluorescence method has recently become
one of the simple and generally accepted meth-
ods of the investigation of structural charac-
teristics of HA [16�19]. This method allows one
to obtain extensive information about changes
in the structure of fluorescing groups in mole-
cules depending either on the changes in the
own conformations of HA molecules [16, 18,

21, 29] or on polarity of their microsurround-
ings [16�20]. The fluorescence spectra of HA
are non-uniform because they are a superposi-
tion of different fluorescing groups belonging,
due to polydispersity, to different HA mole-
cules [17, 22]. The quantitative parameters ob-
tained in the observations of fluorescence spec-
tra are integral intensities, first moments M1
(�centre of gravity� of a spectrum) [16, 17],
coefficients of the shape of fluorescence spec-
trum (a ratio of the intensity of the shorter-
and longer-wavelength components of the flu-
orescence spectrum) [17, 21, 22, 24].

Systematic investigations of the macro-
structural properties of HA in aqueous solu-
tions depending on concentration have not been
carried out by means of fluorescence method,
only a few works are known (see, for exam-
ple, [23, 30, 31]). Among the results directly
related to the problem of investigation of HA
macrostructure depending on concentration, only
the data of [30] can be mentioned; the authors
observed a batochromic shift of HA fluorescence
spectrum with an increase in HA concentration.
The authors expected that the shift was con-
nected with the possible formation of an ag-
gregated state of HA macromolecules.

However, many works (not only those
indicated above) in which HA fluorescence
spectra were investigated contain some errors
making it difficult to obtain the reliable
information about HA macrostructure. These
errors are due to the absence of corrections to
HA fluorescence spectra for the inner filter
effect (IFE) [32, 33]. The essence of this effect
is that the optical density at the wavelengths
of fluorescence observation is different from
zero and depends on concentration. Another
error is connected with the absence of the
account of the fluorescence of the solvent,
which is always observed in aqueous solutions
[21]. So, at present, there is no reliable
information on changes in the fluorescence
spectra of HA molecules (and therefore on
changes in their structure or surroundings)
depending on concentration. Meanwhile, the
urgency and importance of obtaining such
information are brought about by the additional
interest in view of  determination of  the
constants of HA binding with various pollutant
molecules. Such a determination is carried out



EFFECT OF THE CONCENTRATION OF HUMIC ACIDS IN AQUEOUS SOLUTIONS ON THE STRUCTURE OF THEIR MACROMOLECULES 357

on the basis of  analysis of  experiments aiming
at establishing the dependence of fluorescence
intensity from pollutant molecules on HA
concentration (determination of  Stern�Volmer
constants) [34�36]. In doing this, it is accepted
that the structural properties of HA are
independent of concentration, though this is
not evident a priori.

The data on the effect of the mass of HA
fraction on the concentration dependencies of
fluorescence spectra are completely absent,
though the results of these experiments would
be very important for solving the problems con-
nected with the investigation of both the in-
teraction of HA molecules in aqueous solutions
and the molecular structure and functional char-
acteristics of HA itself.

The goal of the present work was to inves-
tigate the effect of concentration on the mac-
rostructure of the fractions of HA extracted
from the same genesis, with the help of fluo-
rescence method. As it was mentioned above,
this method is a sensitive tool to monitor changes
in the structural parameters of HA [16�31, 34�
36]. We chose the first moment as the spectral
parameter extracted from the observed chang-
es in fluorescence spectra. The possibility to use
this parameter to obtain the data on structural
changes in HA macromolecules was successful-
ly demonstrated previously [18, 19].

EXPERIMENTAL

The samples were HA fractions extracted
from the soil of one kind (black soil from the
Kursk Region). Extraction of HA and preparation
of  the fractions designated as C + D,  B + C,  B
and A were described in detail previously [37�
39]. Molecular masses determined with the help
of ultrafiltration method were 5�30, 30�60, 60�
100 and 100�300 kD, respectively [38]. The
alkaline solutions were prepared from dry HA
using deionized water (R = 6 MW); the acidity
of solutions was pH 12.3 (NaOH �ch.d.a.�
reagent grade). The solution pH did not change
with variations of HA concentration.

Fluorescence spectra were recorded in 24 h
after the solution was prepared. No changes
were observed in absorption and fluorescence
spectra during the storage of solutions from one

record to another (3 days as a maximum).
Fluorescence spectra were recorded with a N2

laser strobofluorimeter (l excit = 337 nm) [40].
Laser beam passed through the quartz cell
(1 ´ 0.5 ´ 1 cm) from above, parallel to the
entrance slit of the fluorimeter. The centre of
the excitation laser beam 3 mm in diameter was
situated at a distance of 2 mm from the front
edge of the cell. The cell was filled with the
solution so that no meniscus was seen.
Experiments were carried out with the samples
from which air was not removed. The absorption
spectra of HA solutions were recorded with a
Hewlett Packard spectrometer.

The first moment M1 of fluorescence spectra
of HA fractions was determined as
Ì1 = SIil i/SIi   (1)
where Ii is the intensity of luminescence at the
wavelength of l i, which was calculated suing
equation

OD
exp exp 
HA alk10 �i

i i iI I Iλ= ⋅  (2)

Here exp 
HAiI , exp 

alkiI  are experimentally observed

intensities of fluorescence at the wavelength
of l i of HA and alkali solution, respectively;

OD

10 iλ  factor is a correction for fluorescence

absorption in HA solution at the wavelength
of l i; ÎDl i

 is the optical density of the sample
under investigation at the wavelength of l i  for
the optical length of 2 mm. The correction tak-
ing into account absorption at the excita-
tion wavelength which is 337 nm
(factor (1 � 10�ÎD337)�1) was not introduced to
both terms of the right-hand part of equation
(2) because taking it into account, as follows
from (1), has no effect on M1 value. Decompo-
sition of the contours of HA fluorescence spec-
tra into components was carried out with stan-
dard software (Origin 6).

RESULTS AND DISCUSSION

Absorption spectra

The absorption spectra of B + C fraction
depending on HA concentration are shown in
Fig. 1. Similar dependencies were also observed
for other fractions. One can see in these data
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Fig. 1. Concentration dependencies of absorption spectra for a sample of fraction B + C. d = 0.5 cm; T = 295 K;
HA concentration, mg/l:  0.5 (1), 1 (2), 2.5 (3), 5 (4), 10 (5), 20 (6), 30 (7), 40 (8), 50 (9). Insert: Dependence of the
optical density of the sample of fraction B + C on concentration; wavelength, nm:  410 (1), 450 (2), 550 (3).

that concentration changes have no effect on
the shape of absorption spectra. Insert in Fig. 1
shows the concentration dependencies of OD
values at several wavelengths for B + C fraction.
One can see that Bouguer�Lambert�Beer law
(BLB) clearly holds true with these data. For
other fractions at different wavelengths, also
linear dependencies of OD on concentration
were observed. The obtained dependencies agree
with literature data [1]. Realization of the BLB
law within the studied concentration range
means that the properties of the assembly of
chromophores that form absorption spectra of
HA macromolecules are not changed with
changes in solution concentration.

Fluorescence spectra

Effect of inner filter effects and dissolved
oxygen on fluorescence spectra. It was shown
previously [41] that in order to take into account
the IFE in emission spectra accurately, it is nec-
essary to take into account (ÎD~ 0.8) the finite
geometric width of the excitation laser beam.
This is due to the fact that the 10ÎDl i correction
(most recommended correction for the IFE in-
volving BLB law) can be used correctly only in
the case of  infinitely narrow exciting beam. in

our experiments within the HA concentration
range 0.5�50 mg/l, the OD value did not ex-
ceed 0.4, so we could neglect the difference in
corrections for IFE calculated with the BLB law
and those obtained with accurate calculation.
Indeed, for example, M1 values for CHA = 55
mg/l of B fraction calculated with the help of
correction according to BLB and accurate cal-
culations were 466.5 and 466.6 nm, respective-
ly. This difference is approximately an order of
magnitude smaller than the accidental experi-
mental error of M1 determination. It should also
be noted that within the HA concentration range
0.5�5 mg/l in which M1 changes are most sub-
stantial (see Fig. 4 below) corrections for ab-
sorption can be neglected because for these con-
centrations the introduction of a correction of
the IFE does not exceed 3 % for the absolute
integral intensity and 0.2 nm for M1.

Results of  the analysis of  experiments on
comparison of HA fluorescence spectra with
argon bubbling and without it showed that the
parameters of HA fluorescence spectra (inte-
gral intensity, contour shape) coincide. This
could be expected because typical HA fluores-
cence time is not more than several nanosec-
onds [23, 42], so the presence of O2 (with its
concentration in water ~2.9 10�4 M [43]) cannot
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Fig. 2. Fluorescence spectra of the fraction C + D (T =
295 K): a � experimental; b � corrected using equation
(2); c � normalized corrected spectra; 0 � fluorescence
spectrum of alkaline solution; CHA, mg/l:  0.5 (1), 1 (2),
2.5 (3).

cause any noticeable effect on the spectral pa-
rameters of HA fluorescence in aqueous solutions.

Dependence of the fluorescence spectra of
HA fractions on concentration. Experimental-
ly observed fluorescence spectra of C + D frac-
tion for several concentrations are shown in
Fig. 2, a; fluorescence spectra for the same con-
centrations, corrected according to equation (2),
are shown in Fig. 2, b; normalized fluorescence
spectra shown in Fig. 2, b are presented in
Fig. 2, c. One can see that a clear growth of a
shoulder at l ~ 490 nm is observed fort his frac-
tion with an increase in HA concentration. Simi-
lar transformations of the spectrum � an in-
crease in the contribution from the red-side part
of spectrum with an increase in HA concentra-
tion � were observed also for other fractions.

Decomposition of the contours shown in
Fig. 2, b into two components (Fig. 3) shows that
an increase in concentration causes an increase
in the longer-wavelength component. In addi-
tion, an increase in concentration causes a long-

wavelength shift of all the components (see in-
sert in Fig. 3). An increase in the intensity of
the long-wavelength component and the long-
wavelength shift of both components with an
increase in HA concentration should cause an
increase in M1 of the total fluorescence spec-
trum, which is indeed observed experimental-
ly (Fig. 4). The observed increase in M1 may be
due to two reasons: an increase in the contri-
bution from the wavelength component into
total intensity, and the long-wavelength shift
of all the components. It should be noted that
an increase in M1 may be due only to an in-
crease in the contribution from the long-wave-
length component, even if the positions of
maxima of fluorescence spectra of all the com-
ponents are independent of concentration.

One can see in the data shown in Fig. 4 that
the concentration dependencies of M1 can be
of two kinds: with a plateau (fractions C + D,
B, A) and without a plateau (fractions B + C,
ungraded HA). In addition, non-uniform
increase in M1 with an increase in HA
concentration is characteristic of all the
fractions: the most substantial changes in the
first moment is observed for concentrations up
to ~5 mg/l.

An increase in M1 with an increase in con-
centration was also observed for aqueous solu-
tions of HA at pH 6.5 (CNaOH = 0, ungraded
sample). This fact provides evidence that the
observed shifts are not a consequence of the
interaction of HA with impurities that can be
present in an alkali. So, let us stress once more
that it is an increase in HA concentration that
causes the long-wavelength (batochromic) shift
of the fluorescence spectrum.

The absolute values of M1 for C ~ 50 mg/l
(see Fig. 4) differ for different fractions. This
may be explained if we accept that the fluo-
rescence spectra of different HA fractions are
due to the fluorescing groups of different chem-
ical nature. Indeed,  it was shown in [37] that
an increase in the fraction mass is accompa-
nied by an increase in the fraction of high-
molecular homologues of fatty acids; it was
established in [38] that the concentration of
amino acids in the lowest in the fraction C + D.
Finally,  the authors of  [[44] analysing the data
obtained from the electron and IR absorption
spectra and 13C NMR conclude that HA frac-
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Fig. 3. Concentration dependencies of the components of fluorescence spectra shown in Fig. 2: a � CHA = 0.5 mg/l; b �
CHA = 1 mg/l; c � CHA = 2.5 mg/l; 1 � experiment; 2, 3 � the first and the second components, respectively; continuous
line � a sum of the two components. Insert: Concentration dependencies of the positions of maxima of the components
of fluorescence spectra:    � the first component; ·  � the second component.

tions differing in mass have different chemical
nature. This difference involves an increase in
the aromaticity of molecules in HA fractions
increases with a decrease in fraction mass. A
similar conclusion follows from the results of
[20] showing that the fluorescence spectrum of
a lighter HA fraction is in a longer-wavelength
part of the spectrum. Our data confirm the re-
sults of [20]: M1 value at which a plateau is
observed increases with a decrease in fraction
mass, that is, the fluorescence spectra of light
fractions exhibit a batochromic shift with re-
spect to the spectra of the heavier fractions.

The dependence of 1 1 1�M M M′ ′′∆ = ( 1 ,M′

1M ′′ are the first moments for CHA equal to 50

and 5.0 mg/l, respectively) on the mean
molecular mass of HA is shown in Fig. 5. It
follows from this dependence that changes in
M1 decrease with an increase in HA fraction mass.

Possible nature of M1 changes

The main experimental result is that an in-
crease in HA concentration is accompanied with
an increase in M1. Interpretation of the observed
dependencies is possible a priori within the fol-
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Fig. 4. Concentration dependencies of the first moments
of fluorescence spectra (M1) of different HA fractions:
a � fraction C + D, b � fraction B + C, c � fraction B;
d � fraction A; e � ungraded HA.

Fig. 5. Dependence of DM1 on mean mass of HA
macromolecules.

lowing hypotheses: a) the formation of exci-
mers (exciplexes);  b) the formation of  rigid
spherical colloids; c) formation of associates. Let
us consider each of these hypotheses.

Formation of excimers. Indeed, the occur-
rence of these molecular formations (a com-
plex composed of electronically excited and
non-excited molecules) is able to explain the
batochromic shift of fluorescence spectra with
an increase in HA concentration: the fluores-
cence spectra of excimers are always observed
at longer wavelengths than the spectra of the
initial monomeric mollecules [45, 46]. Howev-
er, the necessary condition for excimer forma-
tion is close HA fluorescence lifetime t fl (t fl is
~10�8 s [23, 42]) and the time of excimer for-
mation t form. The time of excimer formation is
the value defines as t form~ (KbimÑHA)�1, for HA
concentration equal to 1 mg/l and mean HA
molecular mass equal to ~50 kD and Kbim ~
10�10 M�1s�1 this time is ~5 10�3 s, that is, sev-
eral orders of magnitude longer than the fluo-
rescence lifetime. So, the t fl ~ t form condition is
not fulfilled, so the hypothesis of the posisble
excimer (exciplex) formation is unacceptable.

The formation of rigid spherical colloids as
a result of twisting of the monomers. As it
was indicated in the Introduction section, the
possibility of the formation of spherical col-
loids with an increase in HA concentration was
previously discussed in [2�5]. Within these no-
tions, the occurrence of a plateau on the curve
of M1 dependence on HA concentration can be
explained only by an increase in the number
of spherical colloids (for the case when the
shapes of spherical colloids are independent of
concentration), while an increase in M1 can be
explained if the shape of spherical colloids de-
pends on concentration. However, if, basing on
the hypothesis of spherical colloid formation,
we try to estimate quantitatively the distances
at which HA molecules will interact with each
other, a noticeable contradiction with the mod-
ern knowledge of distances at which intermo-
lecular interactions become possible arises. In-
deed, substantial changes in M1 with an increase
in HA concentration occurs as early as within
the concentration range up to 1 mg/l. For these
concentrations, mean distance R between the
centres of the nearest HA macromolecules is
about 400 nm. (The fraction of the lightest mass
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C + D was taken to estimate R; HA concentra-
tion was 1 mg/l, mean molecular mass was
15 kD, mean mass of one atom was 10 D, and
the distance R between two nearest neighbours
for the concentration of macromolecules equal
to C was estimated suing equation R = 1.28C�1/3

[47].) This distance is two orders of magnitude
larger than the size of macromolecule itself
(~4 ´ 4 nm, if we consider it to be flat and ac-
cept that the distance between atoms is ~0.1 nm).
There is no generally accepted opinion on the
physical mechanism, which allows one to de-
scribe the interaction between two molecules
in polar media at such a distance. So, we con-
clude that the hypothesis of the formation of
rigid spherical colloids as a result of monomer
twisting cannot explain the observed concen-
tration dependencies of M1.

The formation of associates can occur due
to the aggregation of monomeric HA macro-
molecules. Within this hypothesis, changes in
M1 (see Fig. 4, for fractions B + C and ungrad-
ed) can be explained if we accept that the
wavelength of the fluorescence of the associ-
ate (dimer, trimer, etc.) differs from the wave-
length of monomer fluorescence. Indeed, in this
case M1 would change within the entire HA
concentration range investigated because the
ratio of the concentrations of associates dif-
fering in stoichiometric composition would de-
pend on the total concentration of molecules.
The occurrence of a plateau on the curve of
M1 dependence on concentration for these frac-
tions (A, B and C + D) can be explained by the
fact that the parameters of fluorescing groups
do not undergo any changes after the formation
of dimers, due to the structural features of HA
macromolecule. So, due to the absence of prin-
cipal contradictions in explaining the concentra-
tion dependencies of M1, we are to prefer the
hypothesis of associate formation. Below we con-
sider possible specific physical reasons explain-
ing the dependence of M1 on HA concentration.

Nature of the shift of HA fluorescence spectrum
with an increase in concentration

Interpreting the concentration dependence
of the first moment of HA fluorescence spec-
tra we assume that aggregation of the mono-
mers takes place with an increase in HA con-

centration as a result of hydrophobic interac-
tions. The possibility of such a process was pre-
viously mentioned in [14, 15, 25, 26]. The struc-
ture of HA associate is as follows: the fraction
of polar fragments in direct contact with wa-
ter and other polar groups of HA becomes larg-
er than in the monomer, and the associate gets
clearly exhibited micelle-like properties in com-
parison with a monomer. The measure with
micelle-likeness may be, for example, the frac-
tion of non-polar fragments of HA in direct
contact with the solvent, or the size of pseu-
do-micellar microdomain [29].

Changes in M1 value in the HA fluorescence
spectra during HA association can be connected
with two factors: 1) conformation changes of
the fluorescing groups, and 2) changes in the
polarity of microsurroundings of the fluo-
rescing groups.

Conformational changes of fluorescing
groups can be connected with the fact that,
due to association process, the initial state of
the structure of macromolecule is insignificantly
deformed because of redistribution of the elec-
tron density inside the molecule. Physical fac-
tors causing these changes during association
can be dipole-dipole interaction,  electrostatic
interaction and the presence of H-bond, as it
is the case with aqueous solutions of proteins
[48]. Redistribution of the electron density in
HA molecule can lead either to changes of the
angles between covalent bonds or to small
changes of he distances between the atoms (for
example, as a result of changes in the energy
of one or several H-bonds during aggregation).

At present, it is difficult to prove that these
structural changes lead to the batochromic shift
of HA fluorescence band. A priori, it is equally
probable that, as a result of association, re-
distribution of the electron density on chromo-
hore groups can lead either to the batochromic
or to hypsochromic shift of HA fluorescence
spectra. In order to make a final conclusion,  it
is necessary to have irrefragable supplementa-
ry information about the chemical structure of
fluorescing groups, their specific positions in the
structural framework of HA macromolecule,
about types of interactions and changes of
these parameters inside one molecule accom-
panying changes in HA microstructure, etc. So,
one of the possible physical reasons leading to
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the batochromic shift can indeed be a change
in the structure of fluorescing groups. This fac-
tor may take place independently of whether
the polarity of the microsurroundings of a flu-
orescing group changes or not.

Effect of changes in polarity of microsur-
roundings of a fluorescing group on M1 value.
Microsurroundings include the nearest neigh-
bours that can affect the fluorescing group due
to the intermolecular interactions (dispersion
forces and H-bonds). As a result of association,
the fluorescing groups can turn to be in the
surroundings different from those characteris-
tic of the monomer microsurroundings. The
possibility of this situation can easily be imag-
ined if we take into account the fact that the
structure of HA is able to form numerous che-
late compounds with Mg2+, Ca2+, Fe2+ ions, etc.
[49], so the fluorescing group can fall within
changed microsurroundings. Another reason
leading to changes in the microsurroundings of
a fluorescing group as a result of association is
undoubtedly hydrophobic interactions which
would help straightening of polar and non-po-
lar fragments,  due to amphiphility of  HA mac-
romolecule, that is, micelle-like conformations
will be formed. As a result, the fluorescing
group, for example that situated in a polar part
of the molecule, may fall within even more
polar microsurroundings, while a fluorescing
group from non-polar part may fall within a
more non-polar one.

The polarity of microsurroundings (medium)
affects the position of fluorescence spectrum
[32, 33]. This is due to the fact that the levels
of energy of the ground and excited states
between which the radiational transition occurs
survive different shifts depending on the po-
larity of surroundings. The position of fluo-
rescence spectrum depending on the polarity of
the medium is determined by the type of elec-
tron transition: with an increase in the polarity
of the surroundings of a fluorescing group, a
batochromic shift is observed for p�p* type and
a hypsochromic one for n�p* type [32, 33]. (It
should also be noted that specific donor-accep-
tor, electrostatic interactions and the formation
of H-bonds of a fluorescing group of one mol-
ecule with a polar group of another molecule
will cause batochromic shifts of HA fluores-
cence spectra for the p�p* type and hypsoch-

romic shift for the n�p* type [32].) Specific in-
dications for a type of fluorescing groups de-
termining the fluorescence of HA macromole-
cules are absent from literature. There are only
general considerations that the fluorescence of
HA in the visible region can be due to either p�p*
or n�p* types of electron transitions [16, 17].

So, within the model of associate forma-
tion, the character of observed concentration
dependencies of M1 is determined by two fac-
tors: conformation changes in the structure of
humic acids and changes in the polarity of mi-
cro-surroundings of a fluorescing group. How-
ever, their simultaneous existence does not al-
low one to make unambiguous conclusions about
the character of specific structural changes in
aqueous solutions of HA. For example, if
changes in HA fluorescence intensity were de-
termined only by changes in the polarity of
micro-surroundings, in case if the chosen model
of HA aggregation is correct (and taking into
account the fact that the quantum yields of
fluorescence of fluorescing groups of p�p* type
are much higher than those of n�p* type [32,
33]), observation of the batochromic shift of
fluorescence spectra with an increase in HA
concentration would allow us to make a con-
clusion that the major part of fluorescing
groups in HA structure is in the polar surround-
ings. Correspondingly, the fluorescence spec-
trum of the former will exhibit batochromic
shifts, and the latter � hypsochromic ones. Since
experimentally we observe an overall change
in the fluorescence spectra determined by
changes in the state of all the fluorescing
groups, the overall change will be due to the
component of higher intensity. This component
is that surviving the batochromic shift, that is,
a component determined by fluorescing groups
in the polar part of HA molecule. However,
such an important conclusion cannot be consid-
ered to be quite correct because the initial pre-
requisite did not take into account the possible
effect of the structural factor. In reality, the
effect of each of the factors can be opposite;
as both occur simultaneously, the effect of each
of them may be veiled or become impercepti-
ble. Because of this, a noticeable batochromic
shift of the fluorescence spectrum within the
concentration range 0�5 mg/l for all the frac-
tions can be only one of the possible cases of
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the effect of concentration changes on HA flu-
orescence spectra (for example, only conforma-
tion changes). Another partial case (M1 is inde-
pendent of HA concentration for CHA > 10 mg/l)
is realized for ungraded HA sample and for B
+ C fraction. In this case, for these samples, in
addition to the previously proposed interpreta-
tion of the fact of M1 independence of con-
centration,  also another explanation is possi-
ble: the overall action of both factors is absent
from this concentration range.

It may be assumed that in the case when
the factor of HA structural changes with an
increase in concentration will be prevailing in
affecting the fluorescence spectrum, hypsoch-
romic shifts will be observed as well. Hypsoch-
romic shifts are also possible in the cases when
fluorescing groups are mainly in the non-polar
part of HA and the effect of HA structural
deformation on the fluorescing group is small.
Finally,  a situation is possible when the depen-
dence of M1 on HA concentration will be non-
monotonous: for example, if the effect of the
first factor is positive and decreases with an
increase in concentration, while the effect of
the second one is negative and increases with
an increase in concentration.

Due to the uncertainly of the effect of in-
dicated factors on HA fluorescence spectra, an
unambiguous interpretation of  the data shown
in Fig. 5 seems impossible even within the
framework of the single model of association.
For example,  one of  the possible explanations
of larger changes of M1 for small-mass frac-
tions in comparison with larger ones (assuming
the spectrum is determined by p�p* type of
electron transitions, and the fluorescing group
is in a polar microdomain) can be the following.
During the formation of associates, small HA
molecules undergo either more substantial struc-
tural changes of the macromolecule itself lead-
ing to the batochromic shift of fluorescence
spectrum, or larger increase in the polarity of
microsurroundings of the initial state of fluo-
rescing group, or both factors at the same time.
Another possible explanation is that the struc-
tural changes do not occur with an increase in
concentration, only the microsurroundings of
the fluorescing group change (for example, as
a result of the formation of sandwich (plate-
like) structures), which undergoes large changes
for the fractions of small mass.

The data obtained can be interpreted from
the traditional point of  view on HA structure
as a charged polymer, and from the point of
view of the supramolecular model according
to which HA structure is composed of relatively
small molecules stabilized by hydrophobic forces.
We cannot prefer one model or another on the
basis of the results of investigation of the
concentration dependence of fluorescence
spectra of HA fractions.

CONCLUSIONS

The spectroscopic data obtained in the
present work and the successive conclusions
concerning structural changes in of HA mac-
romolecule depending on concentration do not
contradict known conclusions that an increase
in concentration is accompanied by association,
and its efficiency depends on the mass of the
initial monomer [2, 29. 50]. The occurrence of
the concentration dependence of the structure
of HA macromolecule means that one should
carefully use the common method of obtaining
the information about binding constants of HA
with different pollutants on the basis of ex-
periments on quenching their fluorescence by
HA macromolecules [33�35]. In these experi-
ments, the structure of quencher molecule (HA)
for each concentration is individual; therefore,
actually quenching is carried out by the mole-
cules different in their structures. This circum-
stance may bring uncontrollable errors into thus
obtained binding constants. One cannot exclude
that in some experiments this was the reason
explaining the absence of linear dependencies
in the experiments aimed at obtaining Stern�
Volmer constants. So, in order to obtain reli-
able results,  it is necessary to use preliminary
information about the concentration dependence
of HA macrostructure.

It should be noted that it is difficult to ob-
tain the information of this kind on the basis
of fluorescence data alone, because HA fluo-
rescence spectra are multiparametric functions
in which the arguments are the size of HA
monomer, mobility of the links of HA macro-
structure, polydispersity of HA sample itself,
etc., and for aqueous solutions � pH and ionic
force. Finally,  it should be noted that it is in-
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correct to use the opinion that M1 is propor-
tional only to the degree of  aromaticity in the
molecule to interpret the data on the concen-
tration dependence as it is accepted for simple
molecules [22].
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