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Abstract
Physicochemical properties of lignohumic acids, colloid properties of aqueous solutions of their salts
(surface tension, limiting wetting angle, viscosity) have been investigated. Using IR and ESR spectroscopy,
the structure of lignohumic acids has been determined. The properties of lignohumic acids have been
compared with those peat humic acids. It has been demonstrated that as far as the properties are concerned,
the lignohumic acids are close to humic acids of peat.
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INTRODUCTION

The importance of humic preparations in
human economic activities permanently increases due to a set of properties exhibited in the
biosphere and, first of all, in the hydrosphere.
Firstly, these properties represent a high complex formation ability of humic acids (HA) as
n aturally occurring polymers-polyelectrolytes;
secondly, by their environmental safety and,
thirdly, by a lower cost in comparison with synthetic an alogues [1].
According to a commonly known concept of
the origin of humic substances [2], lignin represents one of the initial substances whose oxidative conversion just resulted in forming all
the range of humic compounds in the biosphere.
For the purposes of the industrial processing,
it is much more efficient to use lignin as a raw
material exhibiting more stable properties in
comparison with peat, sapropel, coal and other kinds of humic raw.

The present study is devoted to a complex
estimation of the structure and colloid-chemical properties of lignohumic acids (LHA) obtained basing on hydrolytic lignin (HL) in the
course of its thermochemical modification.
EXPERIMENTAL

As a raw material, we used HL from waste
piles of the Bobruysk Hydrolysys Factory. Lignohumic acids were obtained via HL thermolysis in the presence of alkali (NaOH) with the
subsequent extraction of water-soluble compounds from thermolytic products and the further preci pitating LHA in acidic medium [3].
Humic acids were isolated from upper cottongrass peat with the decomposition level of 45 %
using the method of reverse alkali extraction
[4]. The properties LHA obtained were compared
with the properties of HA preparations isolated
within the range of ðÍ 3.86 (fraction 5 in [4]).
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In order to simplify the perception of the material, a sample isolated from peat, we shall
design ate as peat HA.
In order to study the structure of LHA, peat
HA and preparations based on LHA we used
the methods of ESR and IR spectroscopy. IR
spectra were registered within the wave number range of 4000400 cm1 employing an automated complex on the basis of Specord M-80
spectrophotometer and PC [5]. Samples were
prepared using a standard technique of pressing pellets with KBr. The content of a substance
under investigation in the pellet amounted to
0.350.4 %. The registration of ESR spectra was
carried out employing a modified RE-1301 ESR
spectrometer at a room temperature in an atmosphere of air. The spectra of samples under
investigation were registered simultaneously
with a reference MgO sample with micro-impurities of Mn2+ è Cr3+ ions developed at the
Institute of Nature Management of the Belarusian Academy of Sciences [6]. This allowed
us to improve considerably the accuracy of determining the parameters of ESR spectra as
well as to monitor the level of microwave power
supplied into the reson ator. In order to increase
the information value the registration of ESR
spectra was carried out at low and high levels
of microwave power (0.1 and 50 mW, respectively).
Colloid properties of LHA and their salts
were studied using the method of viscosimetry, of surface tension isotherms for aqueous
solutions (according to the maximal pressure
value in air bubble), the measurements of the

limiting wetting angle for NaLHA aqueous
solutions at the surface of polythene and paraffin plates [7].
The wetting angle was measured via optical
method with the help of a horizontal measuring microscope in the following manner. In front
of a microscope, a support with a glass plate
was installed with a glass plate fixed on it covered with a polyethylene film. Employing a microsyringe, a drop of the aqueous solution of
the preparation under study with various concentrations was applied onto this film. For all the
experiments the volume of a drop amounted to
2 µL. A similar experiment was repeated for a
paraffin plate [7], i. e. for hydrophobic surface.
RESULTS AND DISCUSSION

As the result of the investigation of the
potential exchange capacity for LHA and peat
HA, we have established that NaOH titration
curves for peat HA and LHA are almost coinciding (Fig. 1). Somewhat divergence between
them within the range of ðÍ 57 indicates that
the peat HA, to all appearance, contains more
carboxylic groups as compared to LHA. The discontinuity on the titration curve within the
range of ðÍ 78 could be connected with buffer
properties of LHA, i. e. within this range the
majority of function al groups is titrated,
whereas the alkali introduced (OH) is almost
no consumed for the neutralization of LHA acid
groups. According to the data from [8], within
the range of values ðÍ 78 the dissociation is

Fig. 1. Titration curves for LHA (1) and peat HA (2) with NaOH. The concentration
of LHA and HA in the solution is equal to 0.15 mass %.
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Fig. 2. IR spectra of LHA (1) and HA (2).

inherent in function al groups at aliphatic chains
(first of all carboxylic groups).
The comparative an alysis of HA and LHA
IR spectra supports the opinion concerning the
presence of similar function al groups in the
structure (Fig. 2).
The following absorption bands of the IR
spectrum are inherent in LHA: 3450 cm1, m. b. 
the valence vibrations of hydroxyl OH groups;
29602850 cm1, m.  the valence vibrations
of ÑÍ2 and ÑÍ3 groups; 17201700 cm1, s. 
the valence vibrations of Ñ=Î in carboxylic
groups; 1610 cm1, s.  the valence vibrations
of conjugated Ñ=Ñ groups in polyaromatic
structures; 1515 cm1, s.  the valence vibrations of Ñ=Ñ groups in the monoaromatic ring;
1460 cm1, m.  skeletal vibration of the benzene rings and asymmetric deformation vibrations of ÑÍ3 group; 1270, 1215 cm1, m.  the
deformation vibrations of phenolic OH groups
and the valence vibrations of ÑÎ fragment
in guaiacyl aromatic structures [9, 10].

According to the general view (the position
of maxima of bands) the IR spectra of LHA
and HA are similar to each other. However,
there are differences in the ratio between the
intensities of LHA bands: the absorption bands
of ÑÍ2 groups at 2920 and 2850 cm1 are considerably less abundant than for HA. Correspondingly, the bands of ÑÍ3 groups at 2960
and 2870 cm 1 are more clearly exhibited,
which indicates the absence of long-change
hydrocarbons in the structure of LHA. And on
the contrary, more intense bands at 1515, 1460,
1270 and 1215 cm1 in LHA spectrum confirm
that they are enriched with aromatic structures.
The parameters of the ESR spectrum (Table 1) for LHA are close to those for peat HA:
the complete coincidence of g-factor values,
profound saturation of the sign al with microwave power (a low value of À/Àî parameter)
as well as appearing an addition al wider spectrum at a high level of microwave power. At
the same time, a much higher sign al width is
inherent in the spectrum of LHA, which could
be observed for HA from lowland kinds of peat
owing to the contribution of superfine interaction of unpaired electron with the magnetic
nucleus of nitrogen [11]. It is reason able that
in the case of LHA the influence of nitrogen
atoms is impossible, which is indicated by a
low value of À/Àî parameter (see Table 1). In
order to explain this phenomenon one should
take into account the fact that the paramagnetism of HA is caused mainly by plane systems of polyconjugation [12]. Owing to a higher content of aromatic rings in the structure
of lignin it is quite reason able to expect that
the size of its polyconjugated fragments is

TABLE 1
Parameters of ESR spectra for the samples under investigation
Samples

∆Í0.1

mW,

Gs

∆Í50

mW,

Gs

g0.1 mW

g50 mW

HL

5.1

4.9

2.0035

2.0036

HL thermolyzed

7.5

8.0

2.0046

2.0048

I, 1017 g1
2.8
187

À/Àî
2.35
4.75

LHA (Í-form)

5.3

6.0

2.0036

2.0038

9.9

1.73

High-moor peat HA (Í-form)

4.4

4.4

2.0036

2.0038

7.4

1.90

Note. ∆Í0.1 mW, ∆Í50 mW, are the values of ESR spectrum width at the microwave power amounting to 0.1 and
50 mW, respectively; g0.1 mW, g50 mW are the values of g-factor at the microwave power amounting to 0.1 and 50 mW,
respectively; I is the concentration of the paramagnetic centers; À/Àî is the ratio between the values of sign al
amplitude registered at 50 and 0.1 mW.
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greater than for HA. This, in turn, results in
amplifying the anisotropy, which g-factor mainly
determines the sign al width for polyconjugated aromatic systems. This is in a good agreement with a higher concentration of paramagnetic centres (PMC) in LHA.
The data presented indicate that according
to their structure of the LHA polyconjugation
systems are close to those inherent in high-moor
peat HA, though they differ in considerably
large size of polyconjugation systems.
The values of the g-factor for the ESR signal of the initial HL sample are lower as compared to those for lignin preparations (2.0044
2.0045 [11], which could be explained by the
destruction of ethereal bridges between aromatic
rings. The present fact indicates the humifying
processes to proceed in the course of storing HL
in waste piles, i.e. its oxidative transformation.
As it follows from data presented in Table 1,
the thermochemical processing of lignine results in an almost two order of magnitude increase in the concentration of PMC, with a
considerable spectrum broadening, and with an
increase in its g-factor. It should be noted that
thermal processing of an organic substance results, as a rule, in decreasing the g-factor owing to the destruction oxygen-containing fragments [13]. In our case one should take into account the presence of NaOH therefore the
width of the g-factor for thermally treated lignin completely coincides with established values for semiquinone (SQ) radical anions [14]. The
treatment of HA preparations and their model
analogues by alkaline aqueous solution at a room
temperature also results in the generation of
high SQ radical concentration. The parameters
of their ESR sign al differ to a considerable
extent from the spectrum of the initial preparation, which could be caused by the presence
of polyconjugated aromatic systems. The decrease of the PMC sign al relaxation time as
compared to the initial sample of lignin (increase in the À/Àî parameter) also indicates that
there SQ radicals formed [15, 16]. The results
obtained indicate the basic feature of thermolysis in the presence of alkali, which provides
the preservation of function al groups.
The features of the ESR spectrum of HA
sample under investigation such as narrow peak
of the sign al, profound saturation with micro-

Fig. 3. Change of a surface tension of aqueous solutions
(ÑLHA = 2.5 %) NaLHA under various conditions of
thermochemical modification lignin.

wave power (low À/Àî value) with the occurrence of an addition al wider spectrum
(∆Í ~ 15 Gs) at a high level of microwave power
are typical for HA of high-moor peat and their
model an alogues those do not contain polyconjugated nitrogen atoms in the systems [11].
In studying the colloid chemical properties
LHA sodium salts (NaLHA) it has been established that NaLHA aqueous solutions exhibit
a lower surface tension as compared to NaHA
(Fig. 3) [17]. This fact indicates the prevalence
of non-polar fragments in the molecular structure of LHA those provide high superficial activity for LHA salts.
The comparative an alysis of data presented in Figs. 2 and 4 (the absorption intensity within the wave number range for ali phatic and
aromatic fragments of LHA and HA) demonstrates that the prevalence of hydrophilic fragments (ionized function al groups) does not result in the decrease of the surface tension for

Fig. 4. Surface tension (σ) for aqueous NaLHA solutions
depending on NaLHA concentration.
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aqueous solutions of these compounds. On the
contrary, in case that there are non-polar fragments present in the molecular structure they
are rejected from the bulk of polar solvent (water) towards the liquidgas interface, which is
neatly accompanied by a decrease of the solution surface tension. However, the ratio between
the amount of polar and non-polar fragments
in the molecular structure should be balanced,
otherwise the compound dissolved would be located within one of the phases, that is why it
could not change free (surface) energy at the
interface of the phases (the surface tension of
the solution). Basing on this fact the hydrophilic
balance between the molecular associates of
NaLHA is shifted towards the phobic condition, to all appearance, due to a lower density
of polar groups in the structure of LHA comparing to peat HA. This fact could be caused
by the method of NaLHA isolation and initial
raw material (lignin) transformation.
As it follows from data presented in Fig. 4,
NaLHA exhibit well pronounced surface active properties, reducing in particular the surface tension of solutions at the liquidgas interface down to 66 mN/m. The critical concentration of micelle formation (CCM) for NaLHA
corresponds to the concentration in the solution equal to 3 mass %, i.e. exceeding this value
is not accompanied by the further decrease in
the σ of the solution (see Fig. 4).
The wetting of the surface of solids in practice
is usually estimated by the contact angle α between
the surface of the solid and the tangent with respect to the liquid surface from any point of the
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Fig. 6. Variation in the relative viscosity (ηrel) of an aqueous
LHA solution depending on the medium ðÍ (ÑLHA = 5 g/L).

perimeter of wetting [8]. The contact angle or the
wetting angle is counted from the liquid side.
As it follows from the data obtained (Fig. 5),
aqueous solutions of NaLHA promote the reduction of the limiting wetting angle of polythene, paraffin, i.e. reduce the surface tension
at the solidlliquid interface.
The viscosity properties of NaLHA aqueous solutions obey the same law as Napeat HA
aqueous solutions. The dependence of changing
the relative solution viscosity (ηrel) on the medium ðÍ could be symbolically divided into three
stages, with an extremum at ðÍ ≈ 4 (Fig. 6).
The first stage consists in increasing the viscosity at ðÍ 24 (the stage of aggregation). The
viscosity increase is connected with LHA aggregation owing to the reduction of the surface charge of colloidal structures with the
maximum in the region of isoelectric LHA state.
The second stage is characterized by decreasing the viscosity at ðÍ 45 (the stage of disagregation). At the given stage, the LHA aggregates are inclined to disintegration owing to
coulomb repulsion. The third stage is characterized by constant NaLHA viscosity at ðÍ ≥ 5
(the stage of aggregation stability due to the
forces of coulomb interaction). The viscosity
change could be caused either by changing the
surface charge density of high-molecular LHA
compounds or by the further change in the second order structure.
CONCLUSION

Fig. 5. Variation in the limiting wetting angle (α) for paraffin
(1) and polyethylene (2) substrate depending on the
concentration of aqueous NaLHA solution.

Basing on the aforementioned results of the
studies one could to draw the following conclusions:
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1. The surface tension of NaLHA solutions
is much lower as compared to that for NaHA,
which indicates the prevalence of non-polar
fragments providing high superficial activity of
LHA salt forms in LHA molecular structure.
2. Using the method of potentiometry, it has
been demonstrated that the products of thermochemical lignin modification represent the
compounds of acidic nature similar to peat HA.
3. The an alysis of IR spectra obtained for
HA and LHA, and also the data [18] allows one
to draw a conclusion concerning the prevalence
in last aromatic phenol-like structures.
4. The presence of alkali in the thermolysis
of HL promotes the conservation of its function al groups in the products of thermolysis
(LHA).
5. ESR spectra indicate the similarity of polyconjugation systems for LHA and peat HA, with
a greater their content in the structure of LHA.
6. LHA differ from classical HA (isolated from
peat) in a big sizes of plane polyconjugation
systems, which explains their well-pronounce
coagulation thresholds.
Thus, the use of HL for obtaining LHA results in forming the products close to peat HA
in some physicochemical properties. Owing to
the presence of functional groups in the structure of LHA (carboxyl, hydroxyl, etc.), the
LHA could be used as ion-exchange materials,
as well as the basic component for developing
the sorbents of heavy metal ions, and other
preparations for n ature protection purposes.
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