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) The molecular weight of peat humic acid samples and metal humates of Keszthely origin
were determined by ultracentrifugation as a function of pH and electrolyte concentration. These
studies on sedimentation were completed by electron microscopic and gel filtration determinations
in the regions of low and high pH, respectively, because in these regions the possibilities of using
the ultracentrifuge method are restricted by intrinsic limitations of the method.

The molecular weights and diameter of the particles unequivocally indicate the presence of
molecule aggregates in the solution at lower pH values; at higher pH these aggregates disintegrate.
Studying the aggregatmg effect of metal ions on humic acids, it can be stated that the higher degree
of aggregatlon is -produced. by trivalent ions and Cu(Il), while the aggregating etfect of divalent
fons is more moderate.

) The molecular weights obtained by ultracentrifugation and gel ﬁltratnon show a parallel
course. The gel filtration method permits a quick comparatlve determination of. molecular weight
and molecular weight dJstrlbutlon

Introduction

In-the last years several workers [1—12] dealt with investigations on physical
and chemical properties of humic materials. Besides classical methods of investiga- -
tion, modern methods of exploring the structure accurately, such as ultracentri-
fugation, light scattering, X-ray, spectrophotometric, osmometric, gel filtration -
and electron microscopic methods became more and more dominant. -

- We used similar methods for investigating humic acids of different origin in the
last years [13—15]. The state of aggregation of these samples was studied as a func-
tion of pH and time. Some morphological parameters were calculated from results
of ultracentrifugation and the effect of different nietal ions on the humic acids was
investigated.

Ultracentrifugation studles were restricted by -the possibilities of using the
method; namely, reliable results on aggregation could be obtained only in a compar-
atively narrow pH range (5—6.5). To clear up the extent of aggregation and dis-
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aggregation in the pH range below 5 and 6.5, respectively, electron microscopic

_and gel filtration methods had to be applied. Electron microscopy permitted to
observe the aggregation down to pH 2, and gel filtration to study disaggregation
and to determine the molecular weight up to pH 10.

) The aggregating effect of different metal ions on humic acids was studied and
the molecular weight of the metal humates obtained was determined; in order to

assess the fine structure of these humates,.some electron micrographs were made, too.

In this paper we wish to give an account of our more recent results.

Materials and methods

* Brown humic acids, extracted from Keszthely peat by pyrophosphate process
were studied after adequate extraction, purification and fractionation.

The molecular weights of the samples were determined with an analytical
ultracentrlfuge Model G-120 of MOM (Hungarian Optical Works), Budapest,
using the sedimentation equilibrium method.

The gel filtration was performed on a dextrane polymer, type Sephadex G—75
(PHARMACIA, Sweden), in a column of 2 cm ¢ using a fractionating automat -
type SF—62. Glycine-NaOH buffer of pH 10 was used as eluent, then 5 ml frac-
tions were collected with a rate of 30 ml/hr. The extinctions of the different fractions
were measured with a spectrophotometer ZEISS Specol at 450 nm. The following
substances were used as molecular weight standards of the gel filtration:

Cytocrome' C (CALBIOCHEM AG) M = 12500

Ribonuclease (PHARMACIA AG) M = 13600

Myoglobin (horse) (SERVA AG) M = 17800 ~ ‘

Trypsin inhibitor (soy-bean) (CALBIOCHEM AQG) M = 21500

Chymotrypsinogen A (SERVA AG) M = 25000.

The distribution coefficient K, and the molecular weights were determined according
" to [16—19]. The electron mlcrographs were made with an electron mlcroscope
TESLA BS-500.

Results and dlscusswn

The results of our investigations are presented in Tables I—II and Flgs 1—7.

As can be seen from Table I, the molecular weight decreases with increasing

pH. Particle diameters between 70 and 130 A were calculated from sedimentation
' results, correspondmg to the pH values de-
Table 7 creasing in this interval. Similar results had

. been-published in more detail in our earlier
Dependence on pH of the molecular weight papers [12—15]
and particle diameter of Keszthely peat .

humic acids at =25 °C In the regions of lower and higher pH,
ultracentrifugation does not yield reliable
oH 5.0 55 6.0 6.5 results as, at lower pH, aggregates of large

dimensions causing rapid sedimentation are
present in the solution, and it is difficult to
measure the rate of sedimentation under the
experimental conditions used. On the other

M-10-3 31 30 | 29 2.8

dd | 130 | 100 | 80 | 70
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hand, at higher pH values the Table IT

colloidal disperse system beglps Molecular weight of metal humates at maximum
to becqme homogeneous, of mic- electrolyte concentration immediately before
roscopic character, and the mole- coalgulation, t=25°C

" cular distribution of particles

does not permit to measure the _— e T ———
sedimentation rate. A K, | w103
In lower pH ranges, we made Metal determined by determined by gel
electron micrographs of the = RS T o i
Keszthely peat humic acid sample
at pH 2, 4, and 6. These are pre- - 3.1 0.64 2.6
sented in Figs 1—3. Cu(1l) 10.0 0.48 7.5
As can be seen from Fig. 1, Co(1D) 7.1 0.58 6.0
the humic acid particles of these Mg(II) 2.7 0.65 2.5
samples are globular and of i L e S o
sampl I ¢ d Fe(I1I) 10.3 0.53 8.0
identical dimensions. Their dia- AI(ITT) 11.0 0.51 9.0

meter, taking into account the en-
largement, is'in good accordance
with that calculated from sedimentation values (about 80 A). It is to be remarked
that these humic acid samples appear to be practically monodisperse, both by
ultracentrifugation and gel filtration. With decreasing pH further aggregation of
the particles occurs. At pH 4 (Fig. 2) the particle diameter is found to be about
200 A, while at pH 2 (Fig. 3) aggregates of very large dimensions are formed.
Similar micrographs were made under the same conditions with coal humic acids;
the aggregation shows analogous trends, but the degree of heterodispersity is greater.

Fig. 4 shows the changes in molecular weight of peat humic acid doped with
metal ions as a function of electrolyte concentration, while in Table II the molec-
ular weights of different metal humates at the maximum electrolyte concentration,
immediately before coagulation, determined both by ultracentrifugation and gel
filtration are presented at pH 5 and 10, respectively. A well definied pure fraction
of the humic acid samples was used in the investigations.

It can be seen from the data of Fig. 4 that different metal ions exert different

Fig. 1. Electron micrograph of Keszthely Fig. 2. Electron micrograph of Keszthely
peat humic acid at pH 6 peat humic acid at pH 4
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Fig. 3. Electron micrograph of Keszthely
peat humic acid at pH 2

effects on the humic acids. Among the metal
ions studied, the highest degree of aggrega-
tion is caused by AI(IIT) and Fe(III) ions.
The sequence of the aggregating effect of
divalent cations is Cu(II)>Co(II)=Fe(II),
corresponding to the stability of the metal
complexes of the humic acid. Mg(II) ions,
on the other hand, had no aggregating
effect, even with electrolyte concentrations
higher by an order of magnitude.

Takinginto account our earlier investi-
gations, too, we could not find any signi-
ficant differences in the aggregation due
to cations of humic acids extracted from
material of different degrees of carboni-
fication.

It can be seen from Table II that the molecular weights determined with the
gel filtration method, using well definied molecular weight standards, and extra-
polating the K, values in the way shown in Fig. 5, are all lower than those obtained
by ultracentrifugation. This is consistent with the result to be expected, as the gel
filtration was performed in a higher pH range (pH 10) where the particles are more
disaggregated. In this pH range ultracentrifugation does not lead to reliable results.
On the other hand, at lower pH values gel filtration cannot be used due to the pH
of eluent (which, according to our observations, has an optimum of pH 9—10 in
the case of humic materials). The molecular weights obtained with both methods
show a good parallelism, and, though the gel filtration cannot be considered as

o ALCID
« Fe(m)
x Cu (W)
- Fe(w
a Co ()
« Mg (M)

) 2

“ 5 6 mmol/l

Fig. 4. Dependence on electrolyte concentration of the molecular weight
of Keszthely peat humic acid samples doped with metal ions
(Basis mol. wt.=3.1-10"3, pH=5)
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Fig. 5. Gel filtration calibrating curves of molecular weight standards
in a Sephadex G-75 column (pH = 10)

an absolute method for determing the molecular weight, it permits a rapid compara-
tive determination of the latter.

For further orientation, we made some electron micrographs of metal humates
to assess the structural changes in the humic acid due to the presence of the metal.
In the electron micrographs made from Cu-humate particles (Figs 6 and 7) crystalline
structure could be observed. These micrographs were made from Cu-humate pre-
cipitated by Cu(Il) ions from Keszthely peat humic acid, than carefully dialysed,
imbedded in Araldite, without any contrast material.

Figs. 6—7. Electron micrographs of Cu-humate precipitated by Cu(II) ions
from Keszthely peat humic acid
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In Figs. 6 and 7 microcrystalline structures of irregular form can be seen
‘beside amorphous particles.

We intend to -extend our mvest1gat10ns to humlc acids extracted from peat
:and brown coal samples of different origin and provenience, and to gel filtration,
-osmometric and electron microscopic investigation of metal humates with special
respect to the aggregation process, in order to clear up the fine structure.
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I/ICCJ'IEL[OBAHI/IE KOJIJIOMAHO- XI/IMI/I‘-IECKI/IX CBOI/ICTB
TYMHWHOBLIX KUCJIOT TOP®A

Il Olunow, ¥. Ioxans, A, Iap, E. Hlunowui, H. Xopsam -

TIpoBeieHO Onpele/ieHHe MONEKYISPHBIX BECOB 00pa3loB I'YMHHOBBIX KHCIOT M MX COJieil H3
Topda paiiona KecTxes, METOAOM YIbTPAUECHTPHGYTHPOBAHUS B 3aBHCEMOCTH OT pH ¥ KOHIEHT-
. panEH 37TeKTposuTOB. CeIMMEHTAUHOHHBIL METO MAOIOJIHEH 3JIEKTPOHHO MMAKPOCKOIMYECKAM

‘W3yyeHneM B obmactd HE3kEX PH W renpdmibTpaiMoHHEIM B OONACTH BBICOKMX 3Hauenmit pH.

Heo6Xx0nuMOCTh MPHBIEYESHAST 3THX METOHOB OOYCIOBIMBANACH OrPaHMYEHHOCTBIO IPHMEHM-

MOCTH YIbTPALEHTPHU(YTHYECKOTO METoIa.

MonekyaspHbie Beca H pPa3Mepbl MOJIEKYIT ORHO3HAYHO YKA3BIBAIOT HA WAIHYWE arpera-

“TOB TP HE3KMX pH, KoTopele ¢ moBbimeHueM pH cpepbl pacmagarorca. Hambomsimee arperm-

pylomiee felCTBHE HPOM3BONAT TpeXBaneHTHe Katmowbl W Cu(ID). JIpyrme ABYXBATEHTHBIC

KATHOHB! HMEIOT MeHBIIIEe arperHpyIomee ACHCTBHE,

MonexyIsipabIe Beca, ONpPENENCHHEBIC YILTPAUEHTPHGYTHPOBAHAEM H rem,dmm:'rpalmen,

"XOPOLIO COBOANAT. METOR TeNbGORIbTPANUE MO3BOJIACT MPOBECTH OHICTPYIO CPABHHTEJIEHYIO
-OLIEHKY MOJIEKYJINDHOTO Beca M MOJICKYJSIPHO BECOBOTO PACHIPENIE/ICHHA.



