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Peat humic acid originafing from Keszthely was studied by gel-fractionation and by infrared
spectroscopy of the fractions. The molecular weights of the individual fractions were determined by
osmometry and by light-scattering measurements.

1. The infrared spectra reveal the presence of aromatic components in addition to the aliphatic
structure of the sample.

2. The osmometric and light-scattering data show that the molecular weight decreases with the
increase in the number of fractions. The low polydispersity values calculated from the weight- and
number-averaged molecular weights prove that the gel-fractionation resulted in practically homoge-
neous samples. The calculated second virial coefficients show the lighter fractions to be better solvated.

3. With the increase in molecular weight of the fractions, the shape of the molecules differs
more and more from spherical.

Introduction

Products fractionated by gel-chromatography from humic acid prepared syn-
thetically or extracted from brown coal and soil of various ages and origins were
earlier examined by infrared spectroscopy [1, 2]. Significant differences were found
between the structures of the individual samples, as indicated both the molecular
weight distribution and by the infrared spectra. It was concluded that whereas the
coal humic acid samples contained an appreciable aliphatic component in addition -
to the aromatic structure, the infrared spectra of the synthetic and soil humic acids
revealed only aromatic fractions. The moleculdr weight distributions of the individual
samples and the molecular weight intervals of the fractions were determined by
gel-chromatography. .

We subsequently extended such measurements to an infrared spectroscopic
study of humic acids prepared from peat, and to the use of different methods to
determine the molecular weights of the individual fractions more exactly. Thus, the
number-averaged molecular weights were found by means of osmometric measure-
ments, and the weight-averaged molecular weights by means of light-scattering
measurements. Very few references to these methods are made in the humic acid
literature. HANSEN and SCHNITZER [3] developed a procedure for the determination
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of low molecular weight fulvic and humic acids with vapour pressure osmometry.
However, this method is not suitable for measurements on fractions of higher mole-
cular weight. A further problem is that the measurement is complicated by the disso-
ciation of the ions in the aqueous solution. In this respect, a correction calculation
is reported by ScHNITZER and KHAN [4]. Unfortunately, we were unable to obtain
well reproducible results with this method, and BERGMANN [5] describes similar
negative experiences. Later, with a Knauer membrane osmometer we first succeeded
in determining soil humic acid samples of high molecular weight [6], and then, with
a special membrane of very fine porosity, the molecular weights of other humic
acid fractions of medium and lower molecular weight in the case of samples with
low heterodispersity. These samples were prepared by repeated gel-fractionation.

OrLOV and GORSKOVA [7] report data on the study of humic acids by light-
scattering measurement. We have performed such measurements on colloid solutions
of very dilute, carefully purified peat humic acid sols, obtained by freeze-drying.
A comparison of the experimentally determined weight-averaged molecular weights
with the values found for the same fractions by osmometry yields accurate informa-
tion on the extent of heterodispersity. The results of the two methods can also be
used to obtain certain thermodynamic parameters, e.g. the second virial coefficient,
characteristic of the solvation.

Materials and methods

Gel-fractionation, spectrophotometric, osmometric and light-scattering measu-
rements were made on a peat humic acid sample originating from Keszthely. The
gel-fractionation and infrared spectroscopic procedures were described previously
i1, 2].

Osmometric measurements were carried out with a Knauer membrane osmo-
meter, with the application of Sartorius SM 11536 and SM 11539 regenerated cellu-
lose membrane filters. Solution series were prepared from the individual fractions
in the concentration interval 0.2—2 g/100 cm3, and their osmotic pressures were
measured at 298 K. The reduced osmotic pressures (n/c) were plotted as a function
of concentration and graphical extrapolation was employed to calculate the number-
averaged molecular weights (M,). From the slopes of the plots, the second virial
coeflicient (B) too was determined.

Light-scattering measurements were made with a SHIMADZU instrument at
436 and 546 nm in the concentration interval 0.0005—0.005 g/100 cm3, with ten
different incident angles. The weight-averaged molecular weights were determined
by plotting the expression Hc/t in the. Debye relation as a function of the concentra-
tion to yield a straight line; extrapolation of this to zero concentration gives an
ordinate intercept of 1/M,,. The slope of the straight line again gives the second
virial coefficient. '

Results

The results are listed in Tables I and II, and illustrated in Figs. 1—3.

Examination of the infrared spectra of the fractions (Fig. 1) does not reveal
any significant peaks for the unfractionated sample, similarly as found earlier {1, 2].
Only the shoulders around 1700 and 1600 cm~* are well defined; these values corre-
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Fig. 1. Infrared spectra of fractions of peat humic acid from Keszthély

spond to the aromatic carboxylic acid C—0 group and the carboxylate ion COO~"
group vibrations, demonstrating the acidic nature of the sample.

In ‘the spectrum of the first fraction, a very intense band is to be seen
at 2850 cm ™1, corresponding to the ahphatlc CH, and CH, groups. With the increase
in the number of fractions, i.e. with the decrease in the molecular weight, this band
becomes progressively smaller. As for the lignite humic acids, therefore, this sample
too contains aliphatic components. In addition, aromatic vibrations also appear
from the first fraction on, at 1400, 760 and 680 cm ™. In the spectrum of fraction 2,
the stretching vibration of the phenolic OH groups is observed at 1220 cm™L, as
are the deformational vibrations of the CN and NH groups. From this fraction on,
the band at 1720 cm~* becomes ever larger with the increase in the number of frac-
tions; in fraction 5, virtually only this peak is predominant, as an indication of the
presence of molecules with the lowest molecular weight and the most acidic character.
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A peak may be seen at 1640 cm™! only in fraction 2, and at 1620 cm™ only in
fraction 4; these correspond to the vibrations of chelates and carboxylates. In frac-
tion 3, a sharp peak occurs at 1030 cm™2; this can be ascribed to the SiO group
of silicates. A small sharp peak is visible in the same wavelength range in fraction
4 too, but with a substantially lower intensity. Likewise in fraction 4, a vibration
corresponding to the alcoholic OH groups is observed at 1170 cm™?.

Overall, therefore, this sample displays a simpler structure than those of the
samples - investigated previously [1, 2); its spectrum contains fewer and smaller
vibrations relating to the various functional groups and chemical bonding types.

Table |

. M-10-3 '
Fraction % determined by gel- M,-10-3 M,-10-3 MM,
fractionation

1 26.1 >38.0 41.2 46.6 1.13
2 15.8 38.0—28.0 31.9 35.5 1.11
3 11.4 28.0—18.0 223 24.0 1.07
4 10.0 18.0— 5.4 10.8 11.9 1.10
5 35.0 <5.4 4.5 5.2 1.15

Molecular weight distribution, molecular weights determined by osmometry (M,) and
light-scattering measurement (A7,,), and polydispersities (M, /M,) of fractions of peat humic’
acid from Keszthely. :

Table I shows that the fractions obtained by gel-fractionation differ considerably
in quantity. The amount of fraction 4 (which spans the broadest molecular weight
interval) is only 10%, while that of fraction 5 (containing the lightest molecules)
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Fig. 2. Concentration-dependence of reduced osmotic pressure (z/c)
of peat humic acid from Keszthely
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is 35%. Fraction 1 (the heaviest molecules) also accounts for a considerable pro-
portion (26.1%) of the material. However, the Table clearly shows that the individual
fractions have low polydispersities (M,,/M,), i.e. the gel-fractionation yielded prac-
tically uniform fractions. The molecular weights determined by osmometry and by
light-scattering measurements on the various fractions exhibit a very good parallelity,
- with calculated polydispersities between 1.07 and 1.15. The molecular weights
obtained with the two methods likewise correspond well with the molecular weight
intervals given by the gel-fractionation.

The experimental results of osmometry and light-scattering measurements are
depicted in Figs. 2 and 3. Figure 2 demonstrates the concentration-dependence
of the reduced osmotic pressure (z/c). The molecular weights of the fractions were
calculated after extrapolation of these plots to zero concentration, while the second
virial coefficient was determined from the slope; the second virial coefficient is a
very important quantity, for it is characteristic of the magnitude of the interaction
between the solute and the solvent. Its value is the higher, the better the solvatlon
It may be seen from Fig. 2 that with the
increase in the number of fractions (i.e.
with the decrease in the molecular weight)
the slope of the straight line progressively
_increases, which means that the value of
the second virial coefficient becomes
larger. This permits the obvious conclu-
sion that the fractions with lower molecu-
lar weights are in a better solvated state.

Figure 3 illustrates the concentration-
dependence of the Hc/t values determined
by light-scattering measurement. Here
too the molecular weights of the indivi-
dual fractions were calculated by extrap- .
olation to zero concentration, while the / Fraction
second virial coefficient was obtained 0 *
from the slope of the straight line. The /
results are given in Table II. The values '
of the second virial coefficient calculated Eraction3
from the results of light-scattering meas- 5
. urements display a tendency similar to ) =_*— Fraction 2

that observed in the case of osmometry: —“7“)”'_’—:—_’"_’ Fraction 1
this parameter becomes larger with the
increase in the number of fractions (the

Fractions

N He /v .10‘

slope becomes progressively steeper as the 6001 o3 0005 g (100em’)”
fractions become lighter in Fig. 3). Fig. 3. Concentration-dependence
The intensities of the scattered light, of light-scattering measurement data on

measured from various directions for the peat humic acid from Keszthely
individual fractions, were employed to
calculate the asymmetry factor, the values of which are also reported in Table II.
From these values it may be concluded that as the molecules become heavier, their
shape differs more and more from spherical.

We should subsequently like to supplement these investigations with molecular
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Table 11

B (mol cm?/g2-104) B (mo! cm3/g?- 10%) igs
Fraction M,-10-3 determined by M,-10-3 determined by light Z=—
osmometry scattering hss

1 41.2 6.2 46.6 2.5 4.27

2 31.9 8.1 355 5.2 3.85

3 22.3 154 24.0 9.5 3.23

4 . 10.8 25.2 11.9 13.3 2.18

5 4.5 343 5.2 22.7 1.56

Second virial coefficients (B) determined by osmometry and by light-scattering measure-
ment, and asymmetry factors (Z) of fractions of peat humic acid Keszthely.

‘weight measurements involving ultracentrifugation, and with alternative fractiona-
tion techniques. Such measurements could be used to calculate other thermodynamic
parameters too, which would provide additional data towards a more exact under-
standing of the structures and the colloid chemical properties of the humic acids.

References

[l] Sipos, S. andE Sipos: Acta Phys. et Chem. Szeged, 25, 187 (1979).

(2] Sipos, S., E. Sipos and A. Nagy: Acta Phys. et Chem. Szeged, 26, 103 (1980).

[3] Hansen, E. H and M. Schnitzer: Anal. Chim. Acta 46, 247 (1969).

4] Schnitzer, M. and S. U. Khan: Humic Substances in the Environment, Marcel Decker Inc.
New York, 1972.

[5] Bergmann, W.: Dlssertatlon, Eberhard-Karls Universitit, Tiibingen, 1978.

[6] Sipos, S. and A. Nagy: in preparation.

[7] Orlov, D. S. and Y. I. Gorskova: Nauchn. Dokl. Vysshey Shkoly Biol. Nauk., Moskva 1, 207
(1965).

HNCCIEOOBAHME I'VMUWHOBBIX KUCJIOT METOAOM
.  HWH®PAKPACHOW CINEKTPOCKOITWH, II.

oI HMlunow, 3. Hlonow u H. Hegep

IIposeneHO rens-(hpaKUMOHHOE pa3iiesieHne obpasua TOpGhAHON TYMHHOBOM KHCIOTEI M CHATHI
UK coekTpsl oTaenbHbIX dpakumit. QopenesieHbl cpe AHbIE MOJIEKYJ IS PHBIE MACCHI OTIleJILHbIX dbpaxumit
METOJOM OCMOMETPHHM H CBETOpPACCEABAHHS.

1. Ha ocroBarma UK cnekrpos moxa3aHO, YTO HCCIIEAYEMBIH 06pa3eu COOEPXHUT HE TOJIBKO
anmadaTniecKHe, HO M apPOMaTHYECKHE CTPYKTYPHBIE 3JIEMEHTHI.

II. CormacHO HaHHBIM OCMOMETDHA H CBETOPACCEHBAHHAS C YBEJMYEHHEM MOPAXKOBOTO
HOMepa $pakuMH MONEKYJspHAs Macca HX yMEHIIaeTcs.

CreneEs NOMMOECIEPCHOCTH, PACCYATAHHAS HA OCHOBAHHH CPENHHMX OTHOUICHHI BECOBBIX H
YHCIEHHBIX MOJICKYNAPHBIX MAacCc BecbMa Maja, YTO CBHIETENLCTBYST O HPAKTHYECKOM MOHOIHC-
nepcHOCTH (pakuuil, BHIAENEHHABIX METOAOM Treib-OpakUMOHUPOBAHHSA. PacCYMTaHHBIE 3HAYCHHS
BTOPBIX BHPRAILHBIX KO3hQHIMEHTOB YKa3bIBaloT Ha OOjbIlyio Mepy conbBaTaudd y dpaxumit
C MCHBIIMMH MOJEKYISPHBIMA MacCaMH. )

ITI. C Bo3pacTaEMeEM MOJIEKYNAPHO# Macchl (pakimii OTKJIOREHAE (GOpMBI MONEKYJ OT cde-
pHEYeCKOH yBETHYABAETCS.



