Introduction and Review of previous works.



INTRODUCTION

It is well-known that the colloid-sized particles play
an important role in determining the various physical and physio-
chemical propertiss and reactions that occur in soils. The soil-
colloids can roughly be divided into two groups viz. organic
and inorganic. The inorganic part may consist either of reaidues
of the original minerals present in parent material or of new
formations produced during the weathering of these minerals. The
organic part consists of & large group of compounds which are
formed by the decomposition of the plant and animal residues
added to the soils. These are characterised by their dark colour
and referred to as humus substances.

According to Staudinger (1935)1, the humus substances
are essentially large polymers called bio-polymers, mostly made
by the aggregation of a large number of atoms through chemiocal
bond rather than colloidal assemblage of snaller molecules. The
hmmus substances or more commonly known as humusg, which, because
of their peculiasrities in nature, cannot be related dirsctly to
any of the major groups of compounds in organic chemistry (viz.
Protein, Nucleic Acids, Pats, Carbohydrates, etc.), constitute
an important part of the soil organic matter.

These soil organic matters are the chief sources of plant
nutrients. There is in fact conclusive evidence that small amount

of certain organic substanceas like highly dispersed humug have a



definite and positive effect on the growth and development of

the plant. Besides being an important factor in siructure forma-
tion, organic matter has also a fundsmental effect on the physiocal
properties of soil viz. water holding capacity, heat regime,
asration etec. Various physical, chemical as well as the biological
properties of soil depend largely on the interaction of clay
minerals, metal ions and hydrous metal oxides with the soil
organic matter.

The humification process of plant and animal residues in
g8oil can as & whole be considered as the activity of various
representatives of the microflora possessing differentiated fer-
mentation mechanism and the work of microscopic and macroscopic
animals in processing organic residuosz. The polymeric materials
e.8., polysachhasrides, ligning, proteins etc. present in the
planxs and animals are firet degraded to simple compounds in
soils. These smaller unite, which are then utilised by wvarious
soil micro—-organisms in their metabolic pathways, undergo enzy-
matic or chemical reactions to form new polymers. Some of these
polymers are relatively resistant to further decomposition or
form stabio complexes with metal ions and clays and thus consti-
tute an important part of the soil mmus.

The early investigations of soil humus during the 18th
century merely giveg a confused idea that humus is a soil consti-
tuent and it bhas some importance in soil fertility.
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Sprengel (1826)5 ig the first to begin a systematic study
of chemical nature of humus. Berzeliuas (1883)4, Hoppe-Seylers
(1889)‘5 and later Oden (1912)6 have extended the investigation
on humus, According to these scientists humua substances are
heterogeneous mixture of some organic acids viz., fulvie, humie
and hymatomoi;;ic acids and humins. Fractionation of these
substances 1s due to Odcn? who has primarily depended on the
solubility of d4ifferent fractions of humus in acids, alkali or
alcohol. Bemmelen (1888)8 from his studies also concludes that
thege acids including mmine are heterogeneous substances and
molecular formulae to represent them have no real significance.

He has further assumed that these subgtances are amorphous and
colloidal in nature. Baumann et al.(191o)9 have found that the
acid properties of humus are not due to the presence of compounds
with functional groups but mainly due to its colloidal properties.
Thus the nsture of humus and its actual role in soil hss remained
obscure for quite some time.

The aromatic character of humic acids has been firat
established by Shmnklo although many other invcatigntorss’nl
put forward evidences in support of the fact that aromatic compound
can be converted into humus like substances by means of their oxida
tion to quinones with the formation of dark-coloured complex
compounds. |

Only a small part of the humus exlats freely in soils. The
mgin fraction is in the form of metallo-organic compounds12’13’14.
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More recent studiesls’16'17’18’19’20 indicate that humic snd

fulvic meids exist in the soil as (i) bhumates aud fulvates of
alkali and alkaline earth metals, Iron, Aluminium and Ammonium
etc., depending on the characteristic components of the soil;
(11) the group of complex compounds formed between soil organic
matter and Iron, Aluminium, Manganese, Copper and other irace
elements present in the soil. The complex may he one in which
each radical is linked by one co-ordination bond to the central
metal or may be 'Chelatea’ in which a number of radicals of a
molecule are linked to the central ion by several co—-ordination
bonds.

According to Felbeck (1971)21 a major part of the humic
acids is made of amino-acids, hexosamines, polycyclic aromatics
snd oxygen containing functional groups. The remaining part is
believed to contain easily oxidisgable heterocyclic compounds
having higher degree of unsaturation which is responsible for |

the dark colour of all types of humic substances. |

Several invostigatorszz’.!’24’26 have demonstrated the |
polyelectrolytic character of humic and fulviec acids. This was f
later supported by other workcrsz5. The analogy of the humus [
like substances with the condensation products of different ‘

quinones and amino acids have been noted by some wo%gagg’so'siJ
2

The formilae for the synthetic acids proposed by Eller (1925)5‘

correspond to & polymeric hydroxy p-benzZoquinonss. From the |
investigations with electron peramagnetic resonance spectromet]
1t has been found that the humic acids contain semiguinone rad

together with some quinhydrg}ks, which may possibly be dorivt#

l

l
|



from o-anﬂ—p—bcnzoquinons333’34. The redicals are stable against
chemical attack and the stability inoreases in the orders ligain >
degraded 1ignin) fulviec acids> humic acids. These results agree
with the conceptions concerning the chemical processes occurring
during the transformation of lignin or its degraded products %o
fulvic and humic acids.

Isolation from goil

The humus content of the soil varies greatly and is
generally in the range of 0.2 to 20.0%. The organic components
of s0il usually decrease with depth, being maximum at the surface
(0 to 20 cms). The major fraction of the organic matter cannot
be extracted from the soil by water only. Suitable chemicals such
a8 acids, alkali and some complexing agents are employed for the
purpose. The humic substances are in intimate contact with the
clay and other polyvalent cations in the soil.

Different investigator335’36

have questioned the common
method of employing dilute aqueous NaOH as the extracting reagent.
These anthors and othor537 have used various other inorganic and
organic solvents for the purpose. Sodium pyrophosphate has been
proved to be one of the successful reagents for isolating mmus
substances from soils. It has been found38 that a mixture of
sodium pyrophosphate and sodium fluoride successfully isolatesa
large portion of humus from the B;-horizon of & podzolic soil

but they have failed to isolate equal amount of humus from A,

borizon of the same soil using the mixture. According to Drozdoeg
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sodium pyrophosphate extracts metal complexes from peat soils
in addition to free humusg. Scheffer and‘Woltc4° and'Wolto41 have
found no essential difference in the viasible absorption curves
for solutions of humic acids isolated by means of 0.30% sodium
hydroxide and those isolated with the help of 1% sodium fluoride.
Elementary composition and content of carboxylic groups in the
humic acid have been found to show & negligible change whether
isolated with 1% NaPF or with O.1 (M) KaOHéz. Posner (1966)43
has compared 0.50 (M) NaOH, 0.10(M)HagP,0, and 0.50 (M) NayC0,/
NaHCO; a® extractants for mumus. Schnitzer and Skinner (1968)44
dia not.observc any appreciable change in the organic matter
caused by 0.50 (M) NaOH in the podzol By horizon. Dowex-1 resin
has also been employed to extract organic maxtorﬁa from soilas,
the latter is comparable with that of the sodium hydroxide
extraction method.

The genersl problems of extraction have been very success-
fully reviewed by Van Dijk (1966)46. In view of the above as
also from experiences in our laboratony47, we consider the alkali

extraction method to be the beat for isolating organic components
of the soils.

Generally the humus after extraction from the soil is

precipitated with the help of HC1 or HoS04, from which fulvie
acid, soluble carbohydrates etc.separate out. From the precipitate
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humus the hymatomelanic acid is geparated by dissolving it with
boiling alcohol in a soxhlet. The fulvic acid is separated by
48,49,50
precipitating with Barium, Copper or Iron salts .
For further fractionation of humic substances many

51,52
attempts bave been made which include fractional prccipitat%én

53,54
from solutions at different~pﬁ§, Chromatographic technique °’ ’
56,57
Eloctrophoresisss, Gel-filtration ' , etce.

Kononova and Belchikova’> have isolated humic and fulvic

acidas by fractionation with partition paper chromatography.
Scheffer et 31?8 by means of their experiment on the influence
of electric field on humic acids have established that using
& higher potential and longer times, humus subastances may be
separated into & large number of fractions. Zeichmann (1967)59
has separated three fractions by low voltage electrophoresis.
Sephadex gel has been found to be suitable for separation of

44
humic acid fractions. Schnitzer and Skinner have prepared seven
fractions of a podzol fulvic acid by using the sequence of sepha-

dex gel. These fractions have been found to differ in the number
average molecular weight, Nitrogen content, - COQ#H, and phenolic
~0H content, I.R. and N.M.R.spectra. Recently Sephadex G - 25

g6l has also been usedeo for fractionation of humic acids.

The mmic gubstances after isolation from the soils are
made free from contaminated clay particles, sesquioxides, mineral
salte etc..The humic acids are usually purified by repeated pre-
cipitation and redissolving in dilute NaOH. Pulvic acids prepared
by retaining them on activated charcoal and then elluting the same
with 0.2 (N) NaOH have been ahown?l to contain iron chelates.



|
-8

Ion-exchange resins havs been used for purifying humic |
and fulviefacidsez’aa. The acids purified by resins have been |

found to be of a very low ash content. Commonly used resins are |

!
!

!
Molscular Weight ‘

Amberlite: I.R.- 120 (H) for the cations and Amberlite I.R.A.—
400 (OH) for the anions.

It is beyond doubt that humus substances exist as a mixture |
of high molecular weight heterogenesous compounds. It is thus very
difficult to obtain precisely the molecular weight, rather an
average of the molecular weights are generally obtained. The
values obtained so far vary widely depending on the source and
methodsadopted for the purpose.

Fuchs ot a1§4 haﬁhreported a value for the molecular
weight ranging around 1400 by measuring the elevation of boiling
point of a few acetone soluble fractions of humic acids. Flaig
and Beutclspachor65 using ultracentrifuge have found the molecular
weights in the range 30,000 to 50,000 for humic acids. Schnitzer
and Skinner$4 obtained molecular weightas 5813 by ultracentrifuge
technique and 5819 by vapour pressurs osmometry for the same
fraction of fulvic acids isolated from the By horizon of a podzol.
Posnerggbtainad two fractions of humic acids, the molecular weights

of which have been found to be 70,000 and 200,000. Seversl other

worker366'67 have investigated the fractionation and molecular

weight distribution in humic acid fractions. In general it hag

!
!
!
!
|
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o
been found that the molecular weights determined by orygcopic
or ebuliscopic methods are very much lower than those determined
by other methods like oamometry or ultracentrifuge.

otentiom Titr

Polybasic character of different fractions of humusg i.e.,
the humic, fmfvic, hymatomelagnic acids are due to various funec-
tional groups such as ,%arboxyl, hydroxyl, enolic, amino and iming
groups. Potentiometric titrations are often applied to such acids
in order to ascertain the relative acidity of the different groups
and the mechanism of interactions between metal salts and the
humie acids.

Gillam (1940)68 has reported two distinct inflexion points
in the potentiometric titrations of s0il organic matter with
sodium hydroxide - the fimst due to carboxylic and the second
due to phenolic hydroxyl groups. Chatterjee and Bose (1952)69
have found that the base exchange capacity depends on the kind
of base uged for titrations, which they have accounted as ‘Cation
effect's The reactivity of the bases are in order : Calcium
hydroxido>>Barium hydroxidg)-Sodium hydroxide. The titration
curves in absence of natural salts have shown irregular cation
effects. In the presence of neutral salts, however, the titration
properties of different humic acids with bases are similar. From
hysteresis of the potentiometric curves Halla and Ruston?o have

assumed an exchange reaction of the humic acid if the bage-titrated
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solution is ﬁgéi-titratoa with acid. Martin and Reeve (1958)71
have demonstrated that the shape of the titration curves of an
acetyl acetone extracts of organic matter with 0.05(M) NaOH in
the presence of 0.10(M) KClL as well as the average pk values ars
jnfluenced by the Aluminium ions present in the reaction mixture.

Prom the observation that there is alweys a drop of pH on
addition of metal salts and the drop is greater for the metal
with stronger complexing ability, Van Dijk (19%)'6‘8“ LA
of Hhe "Ogﬁmlcnx - 7 that the pH drop originates
from the dissociation of the weakly acidic groups and possibly - -
from the release of protons from the functional groups which are
normally not ionised.

Schnitzer and Dosjardinst have proposed a molecular
formula czoaiz(coon)s(on)s(co)2 for these organic substances.
From their results of potentiometric titrations, they have pro-
posed that at pH 3, one of the carboxylic acid groupa, at pH 6
five groups and at pH 8 all six carboxylic acid groups are
neutralised, The phenolic hydroxyl groups are titrated at about
pH 10, Schnitzer and Skinncr?5 have gtudied the complexing

properties of organic substances, isolated from By, horizon of a
podzol soil with Iron, Caleium, Magneaiﬁ?’COpper and Nickel
cations by potentiometric titrations. "

Posner (1964)76 has titrated humic gacids in presence of
different concentrations of LiCl, HaCl and KC1L and has observed

similarities in titration properties. Similarities are also obtains
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when the humic acids are titrated in presence of divalent neutral
salts 1ike CaCly, and Baclz. At very high concentration of divalent
salt (=~ IM) the titration curve resembles that of a sirong acid,
whieh indicates that almost all of the protons from bumic acids
are released by these high concentration of divalent cations.
Posner (1966)77 and later Stevenson (1975)78 have divided
the potentiometric curves of aﬁmic acid into three parts. Region
1 from pH 3 to 7 has been assigned to carboxyl groups, region II
from pH 7 to 8 to amino nitrogen and region III from pH 8 to 12
for the phenolic hydroxyls. Dutta and Mukherjee (1968,1970)79’80
have carried out several potentliometric investigations on mmic,
fulvic and hymatomelanic acids and are of the opinion that these
orgenic acids are weak polyelectrolytes having c.e.c.ranging

from 200 - 800 meg./100 gm of the dry acid.

Severalkworkera have used conductometric titration as one
of the methods of characterisation of humic and fulvic acids.
Chatterjes and Bose® obtained three breaks in the titration
curves of Merck ahmic acid while only one break for soil humiec
acid. The neutralisation of humic acids by bases follows the order
Ca(0H),) Ba(0H),> NaOH . Roy (1957) " obtained two bresks in the
conductometrie titration ocurves for 'Merck' humic acids while the

soll humic acid reveals only one. The neutralisation reactionsg

follow the order LiOH) Ba(OH),) KOH , in agreement with the result

from potentiometric titration. According to Van Dijk72 gynthetic
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and natural humic acids show similerities in their titration
properties.

Schnitzer and Skinner75 assumed the minimum of the sodium
nydroxide titration to be the points of neutralisation of two
strongly acidic carboxyl hydrogen atoms. The additional three
breaks in the conductjometric titration curve for the Ca(OH),
titration 2§L3xplainnd by & stepwise change of conductance of
carboxyl groups as the acidity changes. They, however, have
failed to account for the participation of phenolic hydroxyl
or other groups in the neutralisation process.

Mukherjee et al.(1968)79'80 carried out several investi-
gations on fulvic and hymatomelanic acid by conductometrie titra-
tions. Thege authors have compared the titration curves with
those of salicyclic, phthalic and succinic acids. They have
obtained a higher cation exchsnge capacity from conductometric
titration than the corresponding value in potentiometric titra-
tion.

Vigcogity Megsurementsg

Many inveatigator822’24

heve shown polyelectrolytic nature
of coal mmic acide by means of viscosity measurementas. Poly~-
elecirolytic character, as evidenced by the viscosity and sedi-
mentation behaviour of peat mmic acids has also been demonstra-
ted by Piret et 31?6. These observations are not in conformity
with those made by Flaig et a1>°?3%188 L1) yove shown by Visco-

metiric, ultracentrifugation and electiron microscopic studies that
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25,82
the humic acids have a spherical shape. Mukherjee et al. '

on the other hand, confirmed with the aid of viscosity measure-
mentas,the polyelectrolytic character of soil and synthetic mumic
acids. However, Wershaw et al-(1967)66 have proposed that the
particles not only have variable size hut also they vary in shape.
This is further supported by Khnn?s who has considered that humic
aclds contain a mixture of both linear and sphero-colloids. Chen
and Schnitzer27 have calculated the molecular weight of mmmic

and fulvic acids from viscosity measurements. They have also
shown that humic acids at pH 7 and fulvic aclids at a very low

pH behave 1ike uncharged or non-electrolytic polymers.

Yigible Spectrogcopy

From the study on the optical pwoperties of these dark
coloured compounds, it has been claimed that 1light absorption
of humic substances appears to increase with increase in (i) the
degree of condensation of the aromatic rinjgs in the hunusz,

(ii) total carbon conxentsv, (111) molecular woight87 and (iv)
the ratio of the carbon in aromatic nuclei %o carbomn in aliphatic
or alicyclic side chainsaa.

The ratio of the optical densities at 465 and 665 mm for
the characterisation of humic acids is sometimes used as an index
of humification. In genmeral,the ratio E, (extinction at 465 nm)/

E¥g (extinction at 665 mm) decreases with increasing bunification”
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and is independent on the concentration of the humic compound.
Campbell et a.l-(1976)89 have found that the mumic material with

the lowest mean residence time had higheat E4 / Eg ratio.

When humic and fulvic acids are excited with visible
lights of suitable wavelength fluorescence is exhibited. This
fluorescence property has been utilised by several workar%‘5’146
to ascertain the progress of humification. Mukherjee et al?o'91
have obtained fluorescence emigsion spectra of humiec, fulvic and
hymatomelanic acids with maxima in the region 500 - 540 mm. From
the nature of the spectra which are almost sgimilar in all cases,
it is concluded that these acids are more or less similar, pro-

bably representing the intermediate atages of & polymer aeries.

Ira~-re ectroge

The infra-red spectroscopy has also been used by many

92,93 4,45

workers for characterising these acids o Schnitzer et ag.’
have investigated the nature of the absorption band after addition
of polyvalent metal ions to humie and fuleic acids. In general, due
to overlapping of various absorption bands, no specific band has
been assigned to these acids. But the features of the overall
curves are almost similar in all cases. There is some evidence
that the carboxylie group is conjugated or directly bound to the
aromatic nucleus. Some differences in the absorption bands some-
times arige which may be caused by different degrees of condensa-

tion during formation of humic substances.



-15-

Other techniques used for the investigation of the nature

96,97, 98
and properties of humic and fulvic acids, are Polarography

101,102
XEraygg’loo, Differential Thermoanalytic methods ’ » E.S.R.

studioslo5’147 and Blectron microscopic etudioaa4.

Interact £ met iong with Humic and vic acid
Nature of the complexing sites:

Humic acids may be defined as polydispersed mixtures of
higher molecular polyanions, which are mainly but not exclusively
2
formed by reaction of phenolic nitrogenous compounds in soils . They

foom complex linkage of various kinds with metals by lon-exchange,
adsorption on the surface and in many cases 'chelato-'lo*’los’ioa.
In the study of the intgraction of metals with humic and fulvie
acids many authors use the term ‘complex' or 'chelateg' for the

linkage involved in the reaction product104’107’108. This is

because, in addition to the electrostatic forces eperating in the
linkage, there are evidences which show that the bond between the
metals of the first transition series and humic acids have partial
covalent character. Even with the alkaline earth ions this bond
may have some covalent charactorlos. Unlike clay minerals, the
bumic and fulvic acids have no well defined cation exchange
capacity. The exchange or complexing capacity vary from source

to source and is influenced by the charge of the meta11°9. The
exchange capacity for a metal with thege organic subgtances

generally increases with 1ncreaso in pE. ;his is because of the
).4‘ G) L’ ;»‘-,.»
I M

25K i9g
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110
larger dissociation of the acidic sites 1 « It has been obsgerved

that below a certain pH adsorption ceases to occur regardless of
the amount of the exchanger presentlll. The method of extraction
has some influence on the exchange capacity of humic acid.
Posner77 has found that the exchange capacity ranges from 217

to 409 meq/100 gm. of dry organic matier for a red-brown soil
humie acid.

There is a direct relationship between the contents of
the lignin-like substances of the soil organic fraction and its
cation exchange capacity. This has 1e4t¥he assumption that
phenolic hydroxyl groups are the most active sites in the mmic
and fulvic acids. Broadbent and Bradfordllo have reported that
the carboxylic acid groups as well as the phenolie hydroxyl
groups are reaponsible for the exchange with metals. In 1957
Himes and Barberu2 have found that the blocking of non-carboxylic
acidic functional groups reduce Zn'*retention just as effectively
as in the blocking of carboxyl groups. Thus they have emphasised
the importance of carboxyl and other nonearboxylic groups in
forming complexes with metals. These workers and oth.eralo7 are
of the opinion that probably salicylate type of chelates are

formed under natural conditions during the interaction, e.g.,

@) OH
O OH N4

<§§:c// \\C. O
9 |
cC

~ c\o“ N \O

4+
N 4+ H
+ CU++ <<
Z 7 Cu

OH o~
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Schnitzer and Skinner (19553)95 from their experiments by blook-
ing the groups selectively have shown that the largest reduction
in metal ion retention by the fulvic acids occur when the carboxyl
and phenolic hydroxyl groups are both blocked (ii) the second
largest effect is obtained when either carboxyl or phsnolic
hydroxyl groups are blocked and (iii) no effect results from the
blocking of alcoholic hydroxyl groups. Van Dijk (1971)108 has
proposed a salicylate type of chelate for copper humic acid
interaction and is of the opinion that the most plausible reaction
mechanism at low pH is the displacement of protons from the acidic
groups of the humic acids, whereas at & higher pH protons are

also liberated from water molecules which are covalently bound
with the metal ions (e.gs Cu**) giving a hydroxocomplex, e.g.,

o O
I !
c

\/ \T N \O +H+
_Cu(H,0 N ~OH

e O/ (2 )X = O/CU\(HZO>X"|

Recent researches of Stevnnson78’113 have supported thig

view. Although there is no direct evidence that the carbonyl or
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other groups (e.g., -NHy or = NH etc.) participate in the
chelation procesas, their contribution towards a bond formation

108,78,95
with & metal ion cannot be completely ruled out .

bility of the met Orgaaic mgtter com

The stability of the complex or chelates formed by the
metal ions with soil organic matter has drawn considerable
attention of the soil scientists and mineralogists. A good

16,12 23
mmber of workersll4’1 ¥121,1

have reported the stability
constant values for the complex formed between polyvalent metals
and humic or fulvic acid fractions of soil organic matter. From
these values we may have some quantitative idea on the affinity
of a metal for these types of complex molecules.

Ion exchange equilibrium method proposed by Schnbert1%g948)
end later simplified by Martell and Calvine (1952)119 is the
most extensively used method for the evaluation of stability
constants for the 8o0il organic matter-metal complexes. The method
depends primarily on the fact that the quantity ofi%ation bound
%o a definite amount of cation exchange resin at equilibrium is
proportional to the concentration of free ions in the solution
even in presence of chelating species (e.g.,humic acid) over a

range of concentrations of the metal.

The equilibrium reaction for the chelate or complex

formation can be represented as:

M+xCh — M(Ch),



where M is the metal and Ch the complexing agent. x is the number

of moles of complexing agent bound per mole of metal ions.
The equilibrium constant has been formulated as

K = Q\O/)\“)/(cu)x
vagl L-Oal [C/\OA>~|] = Log K+ KLOﬁ. (Ck)

o= Distri%ution congtant in absence of humic or fulvie acid.

X = Diatribution constant in presence of mmic or fulvic acid-

K = The Equilibrium or the stability constant for the complex.
Thes plotting Log (A2 — 1) against log (Ch), the values for log K
and x can be easily ascertained from the intercept and slope
regpectively.

Himes and Barber (1957)112 have obtained an estimate of
gtability of Zinc-Organic matter complex by addising radioactive
zine (Zn ®) to & soil suspension. By treatment of the goils
with peroxide, theae workers have demonstrated that these com-
plexing reactions are significantly associated with the chelating
ability of the organic soil substances. Basu et dl}zl have indi-
cated the formation of mixed type of bonds in the interactions
of Cutt, Hi+*t, Zn " and Mx" "with humic acids from the observation
that 'adsorption isotherms' of humic acids for these metals are
generally higher than the 'release isotherms'.

Lewig and Broadbent121’111 have shown that all de ions
of a certain metal adsorbed by mmic acids are not bound with
equal strength. This has also become evident from the investi-

gations of Ennis and Brogan 2% which have shown that only the mogt
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strongly bound copper is virtually unavallable to oat plants.
Randhawa and Broadben$125 have calculated the pH dependmmt
gtablility constants for z&fz humic acid complexes. Liog K values
at pH 3.60 is 4.42, at pH 5.60 it is 6.18 and at pH 7.00, 6.80.
Thege authors and otheralae congider the participation of both
monovalent and divalent form of the ions in the complexing reac-~
tion. At lower pH values the monovalent form is predominant. It
is thus concluded that more ligands are made available for
complex formation as the pH of the golution is increased. Miller
and Ohlrcggi}zs have chosen the maximum complexing ability at
a particular pH in the determination of ligand site concentra-
tion and in this way they have found the 'apparent' stability
constant for the Zn-manure extract complex to be 7.80.

Schnitzer and Skinner95’114’115 have investigated the

complexing properties of different heavy metal ions with fulvie
and humic acidas. Adopting Schubert's ion exchange technique they
have calculated the stability constants (Log K) for these metals

with fulvic acid at pH's 3.50 and 5.00. The stabilities are in
the order at pH 3,50 :

Cd >PE SRS PR > Go™> ot 2> Ma SMgtt
end at pH 5,00 ;

Ci>Pb SHLTTS Ma ™ > Co™ S Ca’>zn " Mg T
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The x values for these metals ranged between 050 to
129
1.50 at pH 3.50 and 0,79 to 2.00 at pH 5.00. Courpron has
obtained the values for log stability constants at pH 5 of zinc

and copper-humic acid complexes to be 2.87 and 7.00 respectively.
Matsuda and Ito117 have attempted to find & correlation between

degree of humification and stability constanis. Log K of zinc~-
mmic acid complexes are within the range 10.33 to 4.20 and that
of zinc-fulvic acid complexes 9.30 to 3.88 at pH 7.,00. These
authors have found & positive correlation between the stability
constants of zine-hmic acid complexes and RF values, but no
such correlation has been observed for fulvic acids.

Schnitzer and Hansen}26 have reevaluated their earlier work:
by applying an improved analytical approach and are of the opinion
that at an ionic atrengxggo.lo and at pH 3,00 and 5.00 the values
of 'x' are unity. At lower ionic strength the value of 'x°'
deviates from unity due to the formation of mixed polynuclear
complexes.

Soil organic matter is obtained in the form of negatively
charged polymeric materials whose principal functional groups

21
are -coo¢ﬁ, phenolic-0¢H, = CO etc . Considering this chemical

1

configuration Clark and Turner 27 have suggested that the organic

matters lsolated from soils form complexes with metals in & way
that the central grpup would be the organic molecule co-ordinated
with more than one metal ion. They have)thereforo’questionsd the

use of the ion exchange technique to such systems where polyfunec~
130

tional macromolecular complexants are involved.Zunino et al
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have described these complexes as M Ch -~ type of éomplexes. In
a later publication Zunino et aﬂ's" have suggested that the best
way to express, interms of stability date, the ability of a
polyfunctional macromolecule to complex metal ions would be to
determine the overall constants K for the saturated complex
M,Ch. Thus overall stability constants should be calculated
experimentally by using increasing concentration of metal ions
and a constant concentration of the complexant.

The modified ion exchange technique is described by
Ardakani and Stevenson % and following this approach they have
caloulated the Log K values for zinc-humic acid system within
the range of values 3.13 to 5.13. This method also suffers from
some limitations and is only applicable to MCh- or MCh, -type
of complexealso’lsl.

Job's method of continuous variation133 has been applied

by several investigatora75'19

« The method is based on variations
of optical densities of solutions containing different ratios of

metal ion and complexing agent, while simultaneously maintaining
a constant total concentration of reactants.

Schnitzer and Skinner75 have ugsed Job's method in an
attempt to determine the composition of complexes formed between
fulvic acid and metal ions. Cou.]:-pronlz9 has also used this
technique to determine the composition of fulvic acid and humio
acid metal complexes. Schnitzer and Hansen (1970)126 nave
employed Job's method to determine both composition and stability
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constants of fulvie acid metal complexes. Adhikari et al.(lg%g%
have tried to establish the composition of some fulvic acid-
metal complexes using this technique.

MacCarthy and.Mark135 in a recent publication summarised
the limitations for the applicability of the Job's method of
continuous varigtion in the study of soil organic matter -~ metal

complexes.

cngamlss has investigated the chelation reaction between

Cu** and fulvic acid employing & relatively direct approsch, that
of titration with a cupric ion - selective electrode.' Cheam and
Gamble 12 in a later publication have reported the conditional
gtability constant values of Mercury-, Cadmium-and Copper-ssd
fulvate complexes using specific ionpéiectivo electrodes.

Very recently Saha47 has evaluated the stability constants
for the interaction of metal ions with humic and hymatomelanic
acid from polarographic messurements. In his studiea he has
utilised the idea of Tanfordlss which envisages that in a system
where factors such as adsorption on mercury surface and viacosity

do not affect the diffusion current, the ratio Id//Ido (where

Ig = diffusion current in presence of the complexant and Ido =

diffusion current in absence of the complexant can be taken as

a measure of the extent of binding of metal ions to the substrate.
Total complexing sites in moles/litre for a particular metal ion
and particular complexant are determined by meggsuring the maximum

complexing ability for that metal with the particular substrate
at a given pH.
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Potentiometric titrations of bumic and fulvie acids in
pregence of various metal ions have attracted a number of
workers. In course of these investigations much insight has
been gained into the mature and strength of bonds between metal
jons and humic and fulvic acids obtained from different sources.
Beckwith;sg has found that the order of decrease of pH upon
addition of metal salts to s0il organic matter suspension
generally follows the Irving-iilliamsseries (1948). He further
states that the metal chelates are formed as co-ordination
compounds with partly covalent character. Martin and Reove71
have suggested the possibility that protons titrable in presence
of metal ions may also originate from the hydrated metal ions
in addition to the organic aoids.

Khanna and Stevenson have ohserved that the magnitude
of the pH drop upon addition of metala of the 1st transition
series follows the order Mu'YCo (N1’ Cu'Szn which agress with
the Irving4williams stability series. Purther, these authors73
state that the slizht lowering of the pH for the orgaaic matter
isolates examined in the study may result from the shift in
the ionization equilibrium of weak acid groups, rather than
through release of protons from groups which normally do not
ionise, e.g., amino, alcoholie hydroxyl, etc.. Khant4?! has
indicated the formation of metal-humic acid complexes from
potentiometric titrations of these acids in presence of different

heavy metal ions. In his experiment, the order of magnitude of
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According to Van Dijklo at pH 5 there 1is no large

difference in bond strength for the divalent ions Ba"", Ca't,
Mg'*, Ma**, Co**, Ni**, Fe'" and Zn' " (slightly increasing in
this order). Pb'', Cu'” and Fe' ions are, however, more firmly
bound. To have an idea of the magnitude of the stability of
the metal - humete - binding under certain conditions, Van

08 has carried out ‘'compedition' sxperiments for copper

Dijkl
between humic acids and a number of chelating agents of which
the stability constants with copper ions are known. The
logarithm of the 'conditional' stability constant at pH 6

is about 7 for humic acids in his experiments. |

6 78
Stevenson et al.(1973)11 and Stevenson (1976) = have

determined stability constants for Lead and Copper complexes
with bumic and fulviec acids from potentiometric measurements.
In these papers the number of titrable functional groups have
been used to represent the concentration of humic or fulvie

acid as complexant. Bjerrum's (1941)148 approach as modified

by Gregor et al.(1955)143 is adopted for the determination of

formation constants for the metal organic matter‘complexes.
In a later publication Stevenson (1977) 1% has adopted

a modified technique in which he has calculated pH dependant
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stability constant data (Log K), from the Bjerrum's formation
constant Bo , for some divalent heavy metal complexes with
humic acids.

Recently Takamatsu and Yoshida (1978)149 have proposed
a relatively direct approach for the determination of apparent
stability constants (succeasive stability constants and overall
stability constants). The technique is based on the combined
use of potentiometric titration and Ion-selective elecirodes.
In this study the order of the values of stability constants
is, cﬁf}rﬁ“§ ¢d*", The values of the stability constants as
obtained from potentiometric measurements are in general much
greater than those estimated by other methods, viz.,Job's
method or lon-exchange Equilibrium method.

Seversl methods are proposed for the determination of
stability constaut data for the metal organic matter complexes
and many attempts are made to find some coprelation between

thege stability data with those of other factors, such as degree

117,149

of humification » participation of groups in forming

chelates (COOH, Phenolic -OH, alcoholic ~0H,-liHy = HH or other
groups)lov’llz in the complexgs, etc..waever,_none of a single

method seems to be unequivocal.



