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PREFACE

The thesis presents the results of various 
physicochemical investigations on clay-organic 
matter mixtures to ascertain the nature of irltet̂ CL 

cfcion of the organic material with the inorganic 
materials present in the soil*

The work was cartied out in the Physical 
Chemistry Laboratory of the Department of Chemis
try, North Bengal University, Darjeeling •
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CHAPTER -  I  

IN'mODUCTION



The physical, chemical and biological properties of soils 
depend to a large extent on the interaction of some Soil Consti
tuents viz* clay minerals, metal ions, oxides and hydrous oxides 
with the Soil organic matter- It is known that organic and inor
ganic components of Soil, mainly, humus and clay minerals, do 
interact* Though considerable amount of work has been done in 
this field, but due to lack of adequate knowledge on soil organic 
matter a correct picture of this interaction is still not clear •

Different Scientists^  ̂have made a critical review of the
chemical nature of himus* Nearly all of them have concluded that
humus is a complex mixture of plant and animal residues in various
stages of decanposition* Despite this long history of interest and

6 7research * , these materials still defy a precise chemical descrip
tion because of their inherent canplexity and heterogeneity In 
recent years the application of sophisticated instrumental methods 
of analysis to the elucidation of their chemical structure only 
serves to illustrate the immense complexity and diversity of their 

constituent units.

The biochonistry of humus formation in Soil has recently been
8reviewed by Haider ̂  . it may be added that apart from the

humic substances, some of the non-humic constituents in soil are 
also important in complex formation with clays and other inorganic 
soil colloids. However such complex formation or interaction is of 
minor significance. Anyway, of the large number and variety of 
organic compounds, both simple and polymeric which are known to



form complexes with clay m i n e r a l s ^ h u m i c  substances 
are perhaps the most important to the soil scientists*

Demolon and Barbier^^ showed a definite fixation of humic
12acid and protein by clay. iDenolon and Henin studied the rela-

13tive aggregating powers of humus and clay. Aleksandrova believed
that stable clay-humus complexes are formed in the soil with the
help of sesquioxides^ which make specific bridges between humus
substances and the crystal lattice of the clay minerals* These
bridges were imagined as complex Fe and A1-humus cc»npounds with
non-silicate forms of sesquioxides. They are fixed to the surface
of the clay minerals during dehydration by a process of adhesion

14at the expense of intermolecular types of linkage* sideri 
observed that the amount of humus irreversibly adsorbed by clay 
varies with the character of the clay minerals* He also proposed 
the idea that the adsorption of hiimus by clay induces the forma
tion of mixed clay-humus micelles in which the majority of clay 
particles possess a fairly definite orientation* also
concluded that organic matter had been firmly bound to the clay 
as an anisotropic formation, no marked increase in base exchange 
capacity should occur* But these studies have not led the author to 
reach any definite conclusion on the nature of the bonding of clay- 
hiamus combination*

17Chapek and Sakun thought that most of the h\3mate was held 
mechanically and only a small fraction was adsorbed by clay, a

IPstill lesser amount enters into chemical combination* Me Henry



and Peterson studied the influence of clay minerals on the 
stability of organonnineral aggregates and concluded that clay 
with a high cation exchange capacity gave better aggregation,
than those with a low exchange value* Flaig and Beutelspacher , 
using electron microscope were able to demonstrate the presence 
of polyvalent cations in the system to be necessary for associa
tion between hximic acid and clays to occur* Among these cations,
those of iron and alviminium are particularly effective in promot-

21 22 23 +3ing adsorption * ‘ ‘ • It should be recalled, however that Pe
and Al"*̂  ̂ions are rather special in that they tend to form poly
hydroxy ccamplexes at the mineral surface, offering scope for bond
ing mechanisms other than cation and water-bridge formation to 
occur* The possibility of anion and ligand exchange reactions to 
proceed in these systans may ejqjlain in the observation that 
despite the large amoxmts adsorbed, the affinity of humic and 
fulvlc acids for the clay surface to less than what would be
e3q>ected on the basis of the polarising power of these cations^^'

26 27Khan ' , from his studies on the adsorption of organic substances
by soil minerals, observed that a portion of the adsorbed humus on 
clay can not be extracted by alkali treatment* This is due to
strong bonding between organic matter and clay mineral* Recently

28 29Mortland and Greenland summarised the probable mechanisms of
the interaction as described below :
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1. Anion Exchange Reactions

The role o£ iron and aluminium at the clay surface which 
readily form polyhydroxy complexes with humic substances have been 
emphasized* Since Positive sites normally exist on aluminixim and 
iron hydroxides atleast below pH 8*0, organic anions can be asso
ciated with these charges by coulombic attraction* The adsorption 
of the organic anion is readily reversed by exchange with chloride 
or nitrate* The organic anion can be displaced by raising the pH to 
8*0 or 9*0 when the positive charge on the hydroxide is neutra
lised *

292* \̂ I.gand Exchange Reaction

The anion penetrates the coordination shell of an iron or 
aluminium atoms in the surface of the hydroxides and becanes 
incorporated into the surface hydroxyl layer* The anion can not 
be displaced by leaching with chloride, it is not sensitive to 
electrolyte concentration but to pH* Adsorption maximum or an 
inflexion in the adsorption ~ pH curve occurs at or near the pH, 
corresponding to the p̂ - value of the acid species of the anion*

283* Hydrogen bonding

This is an extremely important bonding process particularly 
in large molecules or polymers where additive bonds of this type 
combined with compounds of high molecular weights may produce 
relatively stable complexes* The proposition considers the forma
tion of 'water-bridges' linking pcslar organic molecules to

29



the complexities involved and the deficiencies of our knowledge*
So in consideration of interactions of clay and humus in soils, it 
is obvious that one gets confused because of the following reasons:

(a) One is to deal not with a single mineral but with mixtures 
including transformed minerals that are not always clearly defined.
(b) The organic compounds include everything frar\ recently added 
undecomposed plant and animal substances to thoroughly decomposed 
materials like humus* (c) The conditions in soils, unlike those 
in the laboratory never remain constant*

The changes in environmental conditions are attributed chiefly 
to variations in weather, but those brought <xbout by man through 
cultivation, addition of fertilizers, liming and cropping are often 
to be seriously taken in view* All these natural and man-made varia
tions affect the nature of both clay and the soil organic matter as 
also the interaction products* Alexandrova^^ refers to the organic- 
mineral colloids as a complex of highly dispersed clay minerals, 
hum.ic substances and organo-mineral compounds in a state of alli
ance* The soil organic matter in a broad sense consists of non~ 
humic and humic substances* The non~humic substances may include 
at least traces of almost any compound that normally occurs in 
plant and animal tissues and their biological non-gaseous decompo
sition products* The humified matter can be separated into four 
groups.

1) Humin - Insoluble in alkali .



2) Humic acid-soluble in dilute alkalies and precipitated 
by acids*

3) Fulvic acid - Soluble in alkalies and not precipitated 
by acids*

4) Hymatomelanic acid - Soluble in alkalies and precipitated
by acids, the precipitate la soluble in alcohol •

Some workers^^'^^ have attempted to determine the percentage 
of the total soil organic matter that is adsorbed on the mineral 
portion of the soils. These investigations are greatly handicapped 
due to lack of a method that will bring about a clear cut separa
tion of the free organic matter from the adsorbed complexed mate
rial* Some of the mechanism discussed earlier, points to the forma
tion of complexes that are so stable that it is impossible to break 
chemical bond without partially destroying the organic portion of 
the complex* On the other hand, some of the bonds are so weak that 
there is considerable doubt as to whether there is a real complex 
or only an or^ano-inorganic mixture* According to fitreenland^^ the 
more thoroughly decomposed is the organic matter, the greater will
be the tendency to form complexes with the clays* Most of this
organic matter exists in the colloidal fraction of the soil but 
larger soil particles have organic coatings*

In addition to other contributions, the importance of clay- 
organic matter interactions which assist the formation of aggre
gates thereby rendering a soil of greater porosity and hence help



exchangeable metal cations through a water molecule In the primary 
hydration shell in the following manner -

+n0 ------- H------- 0 = C“R where M is the metal
30cation and R-COOH the organic molecules- Greenland also listed 

the bonding forces that may be operative in clay-humus complexes* 
He explained the forces involved in the interaction between clays 
and organic compounds to be# the coulombic attraction between the 
negatively charged surface and positively charged organic compound 
or on the otherhand positively charged surface or ion at the 
surface and the organic anion* According to him Vander Waal's 
forces may also be operative between the surface and organic com
pound* The charge induced dipole interactions between the adsorbed 
molecules of similar species and the other one, the non-polar- 
dispersion forces between the adsorbed molecules of dissimilar 
species are the two important t/pes of forces to be considered* 
When comparatively small known organic molecules are involved# the 
types and magnitude of the main forces can usually be estimated 
with a fair degree of accuracy* However# in soils where substances 
of widely varying sizes are subject to adsorption and where the 
exact nature of the reacting substances is largely unknown# an 
accurate analysis or estimation of the magnitude of the various 
forces involved is almost impossible *

The above discussion on the principles of the interaction 
between organic compounds and clay minerals serves to anphasize
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the free movonent of water in the soil should be taken into consi
deration* This clay-humus complex undoubtedly plays an important 
role in plant nutrition. The presence of htjmus in soil modifies 
the properties of the latter in such a way that it becomes a more 
favourable and more balanced med:Lum for plant growth* Its presence
modifies the physical properties of soil such as colour, texture,

33 33^structure, moisture holding capacity and aeration ' • Chemically,
humus modifies the nature of the soil by influencing the solubility
of certain soil minerals, forming compounds with some elements, such
as iron, aluminixim, molybdenium etc., î rhich render them more easily
available for plant growth, and finally increasing the buffer pro-

34perties of the soil • Humus also favours the nutrition of plants by
serving as a source of energy for the development of microorganisms
v;hich ultimately makes the soil a better medium for the growth of 

35higher plants • The activities of microorganisms in soils are 
influenced both indirectly and directly by the interaction of 
organic matter with clays* The indirect effects, which are usually 
beneficial, are exerted chiefly through the improveneit in physical 
condition of the soil* Better aeration and water-retention favour 
the activities of the more beneficial microorganisms and repress 
anaerobes* Among the direct effects may be listed the adsorption 
of (i) the substrate (ii) the bacteria or their released enzymes
(iii) the metabolic or decomposition products of microorganisms and
(iv) organic substances added to the soil *



The presence of hxamic acids in soil controls the uptake of
nutrients e*g. Al"̂  ̂etc-, by plants. Natural
chelates present in soil hook-up the plant food and make them
available to plants* The uptake of micronutrients by plants from
different soils is related to humic acid chelators* The complexing 

t

property of humic acids with clay is of great value in increasing 
the availability of phosphate fertilizers and certain trace elements 
which are rendered insoluble in the soil by fixation mechanisms^^ • 
Organic matted also counteracts the activity of certain toxic 
substances in the soil by canplex formation* The accumulation of 
insecticides, fungicides, herbicides and other kinds of pesticides 
are harmful to plant growth and the adverse effects of such pesti
cides can be overcome by mixing the soil with good quantity of humus

37substances having high cation exchange capacity • Sometimes
favourable actions may be achieved due to chelations by humus subs
tances with metals e.g. Pb, Cu, Hg, Zn, which are usually consi
dered as pollutants.

In the three phase system, i.e. solid-liquid-gas which cons
titutes a soil, the liquid phase is the phase that directly feeds 
the plant* Not only is the solvent water a necessity of plant life,
the liquid phase is also the medium of transport for the plant
nutrients and to a certain extent, of the gases involved in the 
metabolism of the plant* Clay-humus complex foJsmation influences 
this three phase system perhaps to the maximum extent through 
direct and indirect avenues *
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The study of the interaction of humus and clay fractions of 
the soil is a problem worthy of intense research for a variety of 
reasons. A knowledge of clay mineral - organic reactions might 
throw much light on some important geological proceses* The import
ance of clay htamus interactions in modifying the physical and che
mical characteristics of the soil has been long recognised by 
different scientists. Probably^ the most important effect resulting 
from organic - inorganic interaction relate to aggregate formation 
and swelling properties.

The overall effect of organic materials is that they help to 
bring about aggregate formation and aggregate stability which serve 
to provide the soil porosity that permits more free movement of 
water, air, nutrients and roots, which is essential for plant 
growth. Had there been no interaction, clay particles would tend 
to stianp into a solid mass which is not a condition for ideal plant 
growth.

It is also well known that humus plays an important role in 
the fertility of soil by creating a more favourable physical condi
tion for plant growth by supplying to the plants a continuous 
stream of the necessary nutrients during its slow and steady decom
position with the help of microbial agencies. Hence it is possible 
to store humus for a longer period by coupling it with clay minerals 
thereby protect it from rapid deterioration.

Our knowledge of humus in the soil and particularly in relation 
to its interaction with clay is still meagre in several respects.
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Humus is known to be adsorbed by clay particles, but the exact 
mechanism o£ this adsorption process is not clearly understood.
Much remains to be leamt regarding the mechanisms involved in 
such reactions. Still some questions of, basic structural units 
of this soil organic matter, its complexing mechanism with clay 
minerals and the stability of these complexes are not known* To 
understand clearly the effect of humus in soil it is necessary 
to investigate the mode of union between clay and humus. It is 
likely that the understanding of the humus-clay complexes will 
be facilitated by a study of the interaction of clay with humus 
from the physical and physicochemical stand-points.

Many of the investigators in this field, made no distinction 
between humus and hximic acid* Very few studies were made with 
hiamus as a whole, in the majority of cases, the organic materials 
used were only "humic acids". Our knowledge about the interaction 
of different components of the humus with clay minerals is still 
inadequate. In view of this, such studies will be of considerable 
interest to soil scientists and agronomists. It is with this idea 
that the present work has been xindertaken* In this study, inter
action with clay minerals viz. Bentonite of 2 : 1 lattice type 
and kaolinite of 1 : 1 lattice type have been studied with different 
fractions of the soil humus (i.e. soil humic acid, fulvic acid and 
hymatomelanic acid) and also those from peat (Peat humic acid and 
fulvic acid). The interaction with one synthetic (model) humic 
acid has also been studied* The basic points of our studies are 
given below :
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(a) The characterisation of humic substances*

(b) The evaluation o£ cation exchange capacity of clay- 
humus mixtures as influenced by increasing adsorption 
of humus*

(c) Studies of the Spectra of clay, humus and their
Interaction products as also the involvement of func
tional groups in this interaction*

(d) Studies on the E.S.R. spectra of clay, humus and their 
interaction products to unveil the role of free radi~ 
cals if any# during the interactions*

(e) Examination of the X-ray diffraction patterns of 
interaction products *

NORTH BENGAl 
UNIVERSITY l ib r a r y

B A JA  E A M M O H U N P O M

83980
i 4 1984
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MATERIALS AND METHODS
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Preparation of Samples

A« Isolation, Fractionation and Purification of Soil and 
Peat Humus

(1) Soil Hximus

Humic matter, subsequently fractionated into fulvic, 
humic and hymatomelanic acids, was isolated from the forest 
soil (0-15 cm depth) of Raja Ranrenohanpur in the district of 
Darjeeling (India). The organic matter content of this soil 
was fotind to be l»4l%, determined by Walkely and Black 
method^* Below is furnished the procedure followed in the 
extraction, fractionation and purification of this humus 
with 0.3 M (NaoH) solution used as an extracting agent.

About 5 kg of the soil moistened overnight with water 
was shaken with 0*05 M HCl and left over a day for the decom” 
position of the carbonates. Finally washed free of HCl, the 
soil was mixed with about 3 litres of 0.3 M (NaoK) at the 
room tenperature followed by intermittent shaking of the 
mixture and lastly it was kept overnight to stand. The dark 
coloured liquied thus obtained in the process was centrifuged 
in the refrigerated centrifuge, model K-24, MLW (G.D.R.) at
20,000 r.p.m* to ronove the clay substances and the humin 
fraction* The crude humic acid was separated from the centri
fugate by acidifying it with the dil* HCl to pH 1-2 and freed 
from the supernatant by centrifugation* The centrifugate con
taining fulvic acid was preserved for subsequent treatments.
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The crude hvunic acid was redissolved in dilute NaoH/
reprecipitated and separated as before. This process was
repeated a few times* The precipitate was then dialysed
against distilled water through the dialyser tubing (Arthur

2H. Thomas Co», U.S.A.) after appropriate treatment • The 
dialysed material was subsequently dried by an infrared lamp 
and then subjected to the soxhlet extraction by 95% ethanol*
The alcohol insoluble fraction containing humic acid and the 
alcohol soluble fraction, called hymatomelanic acid, were 
dissolved separately in alkali and precipitated at pH 1-2*
The precipitated humic and hymatomelanic acids were washed 
with distilled water and subjected to extensive dialysis as 
before*

As fulvic acids in solution slowly polymerise and they 
remain more stable in the form of Ba~salts, this acid contained 
in the centrifugate mentioned above, was precipitated as Ba- 
fulvate by adding B a d 2 ^nd raising the pH of the solution to 
7*0 with dilute NaoH* The precipitate was separated by centri
fugation and washed with distilled water* Finally it was exten~ 
sively dialysed with distilled water. Fulvic acid was regenerat
ed from the Ba-fulvate by passing the aqueous suspension of the 
latter through a column of Amberlite IR - 120 resin in the 
H-form .

(2) Peat Humus
The peat humus, supplied by Fluka AG, was dissolved in 0.3 

M (NaOH) solution and centrifuged to remove the alkali insoluble



18

humin fraction. The subsequent operation leading to the frac
tionation of this peat humus into fulvic and hiAmic acids, and 
their purification were exactly similar to those adopted in 
case of soil humus •

Preparation of Model (Synthetic) humic acid

The model hiamic acid was synthesised from the mixture of 
benzocfuinone and ammonium chloride. The methods of ladd and 
Butler*^ involving oxidative coupling of quinone were adopted 
in the preparation of these model compounds. The method is 
described below.

5 4 . 0 gms s'olid P-benzoquinone was added to the solution of
40.0 gms of ammonium chloride in 0.1 M potassium phosphate at 
pH 8*0, the total volume of the reaction mixture being 400-0 ml* 
The system was incubated at 45°c for 24 hours. The solution 
darkened rapidly on the addition of P-benzoquinone and the pH of 
the mixture dropped to the acidic region within an hour of the 
commencement of the incubation process. The pH was brought back 
to the original value (8.0) with alkali. The incubation period 
over# the mixture was centrifuged and the dark brown supematent 
was retained. The residue was suspended in 0.3 M NaoH, stirred 
for five minutes, centrifuged and the centrifugate was added to 
the earlier one. Now the centrifugate obtained was subjected to 
the similar treatments as adopted with soil and peat humus to 
effect its fractionation into purified synthetic humic acid^the 
acid soluble fraction was however discarded .

%
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Symbol Used

(a) Soil Humic Acid - SKA
(b) Soil Pulvic Acid - SFA
(c) Soil Hymatomelanic Acid - SHYA
(d) Peat Humic Acid - PHA
(e) Peat Fulvic Acid - PFA
(f) Synthetic Humic Acid - SYNHA
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Preparation o£ Clay Samples

In the present work two different samples of clay 
have been used, of which one belong to the Bentonite clay 
mineral (Source - Evans Medical Ltd* England, Batch No* 
C-57084) and the other one is the kaolinite clay mineral 
(Source - Bombay, Batch No* C-82703)* The original
samples of each kind were dispersed in water according to 
the international method^ using NH^OH as the dispersing 
agent* The clay fraction (<C 1 ) of each was collected
at a depth of 10 cm at the end of 24 hours settling* The 
clay suspension v/as slightly coagulated with dilute hydro~ 
chloric acid and thoroughly treated with hydrogen peroxide 
to destroy organic matter* It was then subjected to elec” 
trodialysis* The Sol chamber is made of thick drawing 
paper (Kent paper) wrapped round a wooden frame and care
fully paraffined at the junctions to prevent leakage* The 
anode chamber is a porous porcelain tube* The cathode is 
a galvanised iron gauge made into the form of a cylinder 
round the sol chamber and placed in the cathode vessel*
The anode is a platinum foil dipped in water placed in the 
anode chamber* A continuous automatic flow of water was 
maintained from the anode to the cathode compartment 
through the sol chamber* The completion of electrodialysis 
was marked by absence of alkalinity in the dialysate* A 
period of 6-10 days was usually required for the complete
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conversion of 40“50 gms of the material into H—clay. 
Finally these dialysed H-clay materials were shaken 
with cation exchange resin (Amberlite IR-120 in the 
H-form) for 12-14 hours and then slowly passed repeated
ly through the same resin columns to get H-clay in the 
purest form* After this, the clay was dispersed in 
conductivity water in jena bottles in a mechanical 
shaker* The pH values varied between 3*2 and 3»8* The
cation exchange capacity of the pure H-clay was deter-

6mined by half-saturated KCl-KOH method and also from 
pH titration with standard NaOH solution (Fig. lA) •
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CHAPTER - IV 
CHARACTERISATION OF THE HUMIC SUBSTANCES



SECTION - A 
ELEMENTAL ANALYSIS
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Nowadays comprehensive information is available on the
elemental composition of the humic substances* Gillam^ found
no essential differences between the chanical composition of

2humic acids isolated from different soil* However# Kononova # 
with the humic acids# demonstrated on the basis of % C, % 0, 
% H that some humic acids in some soil are complex in struc
ture and some are simpler* Fulvic acids in general contain a 
lower % C and higher % 0 than the corresponding humic acids 
which indicate the Simpler structure of the Former^* The 
elemental composition of the synthetic humic acid too lie

4in the ranges of those of the natural ones

Experimental

The ash-free samples were analysed by the well known 
Duma method*

Results and Discussion

The scinitiny of the results suggest, in the case of soil# 
the percentage of carbon in humic acid is greater than that in 
the corresponding hymatomelanic acid and such is the case in 
respect of nitrogen content also *
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It apparently indicates that the hymatomelanic acid 
is simpler in form ccmpared to the humic acid of the same 
origin* Again the fulvic acid contains a lower percentage 
of carbon than the corresponding humic and hymatomelanic 
acid in soil pointing to the simpler structure of the 
former^* Another point of interest is that the percentage 
of nitrogen is maximum in the synthetic humic acid* The 
percentage of carbon, hydrogen, nitrogen, oxygen and ash 
content of different humic materials are presented in 
table - 1. The results are mostly in good haimony with the 
Inferences drawn by Kononova^ .



Elemental
T A B L E -
composition

1
of humic substances
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sample % C % H % N % 0 % Ash content

SHA 58*46 3.80 3.97 33.77 1.7 ;■

PK^ 56.91 4.00 0.91 38.18 0*9

SFA 37.11 3.28 1.95 57.66 3.2

PPA 38.17 3.30 2.20 56.33 3.8

SHYA 54.56 5.51 2.04 37.89 2.2

SYNH\ 57.54 3.08 4.44 34.94 -
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The polybasic character of humic acids owes its' exis
tence mainly to the presence of carboxyl and phenolic hydro
xyl groups. Potentiometrie titrations are usually employed 
in order to identify the functional groups and to determine 
their amount and relative orientation in a polyfunctional 
macromolecule •

The acid nature of humic acids and its titratibility were
the subjects of controversy for many years. Oden^ suggested
that the humic acids should be treated as true acids, whereas

2Baumann and Gully were of opinion that they were colloidal 
complexes with high power of adsorption because the acidity 
appeared only on the addition of salts. These two contradic
tory hypotheses were bridged by Rindell^ .

4Sichhom explained that the 'increased acidity', caused 
by the interaction of either peats or htimates with the neutral 
salts, had been due to a 'Cation exchange phenomenon', on the 
other.hand Daikuhara^ assumed that adsorbed iron and aluminium 
salts iî ere replaced and their hydrolysis in solution could be 
responsible for the observed acidity- Later workers^ inferred 
that both the processes might operate simultaneously.

7Anderson potentiometrically titrated an electro-
dialysedLhumic acid sol as well as a synthetic humic acid 
prepared by the action of sulphuric acid on sucrose. They 
noted that CEC of soil humic acid was greater than that of 
the synthetic one, but similar to the results obtained by
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Thiele and Kettner®, the titration curves showed no inflexion 
points but were somewhat similar to the adsorption isotherms* 
Later Feustel^ found definite breaks in the curves in very 
dilute solutions, possibly due to some secondary reactions, 
e«g* hydrolysis of complex esters, attack on the phenolic 
groups, etc*, breaks were absent in the concentrated solutions. 
Gillam^*^ reported two distinct inflexion points in the poten- 
tiometric titration curves* Some investigators are of the 
opinion that the carboxyl groups are neutralised below pH 7»0, 
provided there are only two acid groups involved. A new calcula
tion of the results obtained from the titrations made by Thiele

8 11 and Kettner led |)ommer and Breger to establish that the humic
acids behaved like weak acids and the curves were not similar to
the isotherms as observed earlier.

10Gillam also attempted to have a quantitative evaluation
of the contribution individually made by -COOH and phenolic -OH
groups with the help of electrometric titrations of acetylated
and methylated humic acids* Investigations on fulvic acids by

12Gamble suggested that the carboxyl groups present are of two 
types of which one is ortho to the phenolic hydroxyl. Electro- 
metric titration of humic acids by Zadmard^^ with alkali and 
alkaline earth hydroxides displayed a greater rise of pH value 
with the former and the exchange capacity of the base in the 
process at pH 7 followed the order, Ba(0H)2̂  Ca(oH)^ KOH^ 
LiOH^ NaOH* However, this order of reactivity was contradicted
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by Chatterjee et ^̂rho found the sequence as CaCOH)^^
s. 15 'Ba(0H)2/ MaOH. Posner carried out the potentiometric

titration of humic acids to study the effect of ionic
strength on their titration properties and thereby to

16prove their polyelectrolytic behaviour* Martin and Reeve ,
17Khanna and Stevenson also made similar investigation in 

this direction* They all established the polyelectrolytic 
character of humic acids by their observations* A detailed 
study in this field by Mukherjee et ^nd others^
also suggested that the humic acids were weak polyelectrolytic 
acids with exchange capacities varying from 200-800 me/lOO gm ■

Experimental

The potentiometric titrations were carried out with the 
aid of a digital pH meter with combined electrode (E*C. - 
'Itoshniwal uoller, 0 to 14 pH, 0°c to 17°c>* The titrations have 
been carried out continuously with NaOH .

The titration curves are shov/n in fig* 1̂  and electro
chemical data calculated from them are presented in Table 2*

Results and Discussion

The electrochemical behaviours of all the samples studied 
showed close resemblance to each other* Moreover, each of them 
exhibited v;eak polyelcetrolyte acid character^^.

The electrometric titration curves with the bases alone 
always showed tv;o breaks, one for carboxyl and the other for



phenolic hydroxyl groups# with other features alkin to those of 
weak acids. However the plot of vs« v» (not shown) reveals
a few other inflexion points# none~too“prominent and not detec
table on superficial scrutiny of the curves, indicative of the 
polyprotic nature of the acids*

The shapes of the titration curves with NaOH# displaying a
13steeper rise of pH values# as was also observed by Zadmard •

The high rate of pH increase for NaOH may# perhaps# be attributed 
to the hydrolysis of sodium salt of the hiOTic substances formed 
in course of titration* This potentiometric titration curves in 
presence of salts (which we have not considered) in each case 
yielded a stronger acid character and a suppression of initial 
pH. This manifested the polyelectrolyte character of the samples* 
On the addition of salts # the groups v;hich v/ere shielded from 
neutralization due to the macromolecular conformation become 
available to the added alkali# and the CEC values increased 
appreciably. Moreover instead of two inflexions# a single inflexi- 
on v;as observed*

With regard to the variable concentration of the humic acids# 
a scrijpulous examination was made not only of the nature of the 
titration curves but also of the calculated electrochemical 
parameters# viz* CSCjfirst and second inflexions# initial pH and 
at the equivalence point*

The results are seen to be in good agreenent v/ith those 
reported by the previous w o r k e r s ^ ^ T h e  CEC value of 
synthetic hijmic acid is foundto be less than that of soil humic

30
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acid* This is understandable in view of the Lesser nxanber of 
-COOH groups present in the former acid*
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T A B L E - 2

metric titration with NaOH

Sample
Po ten tiometri c 

inflexion
Total

acidity
Initial
pH

pH at 
inflextioi 
point

First Second
me/100 

gm

Soil Humic acid {"a ) 250.0 462.0 462.0 4.2 7.70

Peat Humic acid (B) 300.0 496.0 496.0 4 .4 7.50

Soil Fulvic acid(̂ C) 270.0 500. 0 500.0 3.6 7 . 2 0

Peat Fulvic acid(p) 250.0 470.0 470.0 3 . 2 7.50

Soil Hymatomeianic 
acid 350.0 522.0 522.0 3.6 7 . 3 0

Synthetic Humic acid
(FJ

225.0 400.0 400.0 4.5 7 . 2 0
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SECTION - C 
VISCOSITY



The polyelectrolytic behaviour, particle sise and weight of
macromolecules can be determined by viscometric investigations.

1 2Several workers * have shown the polyelectrolytic behaviour of 
coal humic acids with the help o£ such studies* Piret^ also report
ed the polyelectrolytic character of peat hvimic acids by their vis
cosity and sedimentation behaviours, which are in direct contradic
tion with the v;ork made by Flaig ^  who showed the spherical

4 5shape of humic acids by viscometric , ultracentrifu^ation and
electron microscopic^ measurements. Recently the polyelectrolytic
behaviour of natural and synthetic humic acids have been confirmed

7 gby Mukherjee et ' with the aid of viscometric measurements*
9However, Wershaw et al* attempted to bridge between the afore

said two contradictory theories by assuming the particles not only 
variable in size but also in shape a proposition which was further 
supported by Kahn^*^ who considered that humic acids might contain a 
mixture of both linear and spherocolloids* The presence of charged 
groups along the chain makes polyelectrolytes remarkably different 
from all other polymers, and all of their differences with respect 
to neutral polymers are a consequence of these charges which are an 
integral part of the polyionic molecule *

According to Fuoss and Strauss^^, reduced viscosity of a non~
electrolytic polymer is practically independent of concentration*
But, for polyelectrolytic macromolecules reduced viscosity usually
rapidly rises with diminishing concentration, an observation made

2 8by several investigators ' in case of himlc substances. However,

34
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Chen and Schnitzer reported that the reduced viscosity of 
humic and fulvic acids increased with diminishing concentra
tion particularly at lower concentration region* The s^e 
observation was also made by Terayama and Vfall^^*

The present viscometric investigation is confined to the 
studies of reduced viscosity in respect of concentration for 
all the systems* No attempt has, however, been made to determine 
their particle size or particle weight •

Experimental

Viscometric measurenents of sodium salts of humic, hymato” 
melanic and fulvic acids at pK 7*5 in aqueous solutions were 
carried out with the help of Ubbelhode viscometer (capacity -
15 ml) having a flov/ time 300 sec* kept in viater thermostat at 
30° c± 1 *

The solutions, being very dilute, were assumed to have 
the same density as that of the solvent*

Discussion

The typical behaviour of polyelectrolytes has been dis
played by all the reduced viscosity - versus - concentration 
curves (Pigs. 2 & 3)* From the graph it is found that the 
reduced viscosity increases with diminishing concentration*
As the concentration is gradually decreased, counterions

12



36

diffuse away from the polymer backbone and the repulsion
between similarly charged centres on the polymer chain
causes the latter to e3<pand. The chain is coiled up in
solution# the coiling does not vary appreciably with
concentration at least in the dilute region in a good
solvent# the extent of coiling being dependent on the
kinetic energy and internal Brownian motion* In case of
polyelectrolytes^ at infinite dilution, all the ionizable
groups are dissociated and the molecule assumes an extended
configuration accompanied with the maximum possible charge

14separation • The upward rise of the reduced viscosity 
against concentration# in the dilute region is thus caused by 
intra-molecular repulsion* In addition there is the electro- 
viscous effect and the long range electrostatic coupling 
between the macromolecules^^* Viscometry offers an almost 
unique opportunity to study a number of important characteris
tics of humic substances# such as particle weights# particle 
volumes# particle shapes and dimensions but here we have 
examined only the polyelectrolytic behaviour of humic 
substances •
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VISIBLE ABSORPTION SPECTROSCOPY
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The visible absorption spectra of humic substances are 
featureless* The absorption decreases monotonically with 
increasing wave length exhibiting no maxima or minima and 
gives little structural information^*

The chromophoric groups formed by oxidation are likely to 
be responsible for absorptions in the visible region* The typi
cal chromophores, known to occur in humic compounds, are C=C, 
C=0 etc*, and the auxochromes which are supposed to be present 
are C-0, C-NH2 etc*^'^ .

2 4Several attempts have been made * , to obtain some infor
mation regarding the structure and properties of humic substan
ces from the absorption spectroscopic measurements* The most 
widely accepted absorption spectroscopic information is the 
ratio of optical densities at the wave lengths 465 nm and 665 
nm* The ratio referred to as ratio, appears to be inde
pendent of the concentration of humic substances, but varies 
with differences in the genesis of the soil organic matter in 
diverse soil environments^ *

Some workers have suggested that light absorption of 
aqueous humic acid and fulvic acid solutions in the visible 
region of the spectrum increases with the ratio of carbon in 
aromatic nuclei to carbon in aliphatic side chains, the total 
carbon and the molecular weight* In general, the progressive 
humification and increased condensation are indicated by a 
decrease in ratio, so that this ratio could serve as
an index of himification* These ratios for humic acids from
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different soil types have been reported to be in the range
72»2-5»0 • Fulvic acids, however, show higher values of this 

ratio ranging between 6.0-8•5^*
8Later on, Chen ^  studied thoroughly in this field.

According to them, though the E^/e  ̂ ratio was independent of 
the sample concentration, they were unable to obtain evidence 
that the ratio was directly related to the concentration of 
condensed aromatic structures. They also concluded that the

ratio was governed by particle size, affected by pH and 
related to free radical concentrations, contents of O, C,
COOH and total acidity •

Experimental

The spectra of aqueous solutions of all the humic mate
rials at pH 7.5 (raised by the addition of NaoH solution) were 
recorded with the help of a Beckman Spectrophotometer (Model - 
DU-2). The spectral ranges examined were 350 nm to 700 nm. The 
measurements were carried out at room temperature, and the 
concentration of the solution was 0.01% in each case. Optical 
density (0.D-) against wavelength ( ) plots were obtained for
each ej<periment in the wavelength ranges mentioned above. E,/e,4 6
ratios, i.e. the ratio of the optical densities at 465 nm and
665 nm, were evaluated from the above mentioned plots and are
presented in table “ 3 • The absorption curves (Q.D vs ) 
are depicted in Figs. 4 & 5 .
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Results and Discussion

All the recorded spectra (Figs. 4 & 5) are featureless 
and clearly resemble to each other, which suggest that all 
the humic materials have similar chemical structures with 
overlapping chromophoric absorptions* The non-specific nature 
of the spectra points to the fact that the molecules contain 
similar types of T1 “ electron distribution. High optical 
density at shorter wave lengths may be attributed to the 
increased mobilities of XT ~ electrons over aromatic carbon 
'nuclei* and unsaturated structures conjugated with these 
'nuclei'•

The optical densities^ from the curves, of humic and 
hymatomelanic acids are always greater than those of corres
ponding fulvic acids.

The table, where values were recoirded, indicates
that this ratio for hximic and hymatomelanic acid is lower than 
that of the fulvic acid from the same origin, followed by the 
lesser condensation of the aromatic net of carbon atoms in the 
latter. Again these values for humic and hymatomelanic acids 
from the same source seem to suggest that the former is a 
little more condensed than the latter^ .
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Visible absorption spectral data of humic 
substances

T A B L E "  3

Sample V ® 6

SHA 4.52

PHA 5.00

SPA 7.40

PEA 7.20

SHYA 4.79

SYNHA 3.96



V IS IB LE  ABSORPTION SPECTRA OF THE 
HUMIC SUBSTANCES



A IN n.m.
VISIBLE ABSORPTION SPECTRA OF THE 

HUMIC SUBSTANCES
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Attempts have been made by several investigators to 
characterise humic substances, both natural and synthetic

1-7 9with the help of I*R* Spectroscopy ' • As the organic
matters are, in most instances, the conglomeration o£ more
or less complex molecules with different types of linkages
and functional groups leading to the overlapping of the
absorption bands, the assignment of specific absorbances in
their cases suffer from limitations* The Spectra of
humic matter in fact, display some absorbances, characteristic
of the chemical nature of the molecules, probably originating
from the similar groups in different molecular surroundings,

2and not from the identical structural features

The present investigation includes I*R. - Spectroscopic 
studies on different samples of natural humic, hymatomelanic 
and fulvic acids as well as o£ synthetic model humic acid •

Experimental

All the humic materials (both natural and synthetic) 
prepared according to methods presented in Chapter-Ill- The 
compounds were dried at 60°c in an air oven and then kept in 
vacuum for 48 hours. The infrared spectra were recorded by 
Beckmann Model IR-20 infrared spectrophotometer. The samples 
were prepared in the form of discs using KBr “ pellet technique®.

2.0 mg of thoroughly dried material was ground mannuaily 
with 200 mg oven-dry KBr in a agate morter for about 5 minutes
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at room temperature* Then an additional 200 mg of KBr was 
added and the grinding was continued for another 5 minutes. 
The mixture was transferred to a KBr “ discs press (Beckmann, 
U.S.A.) which was evacuated. The pellets were pressed at 10 
tons total pressure for 15 minutes. The KBr disc with the 
sample was placed in one beam of the spectrophotometer and 
the blank consisting 400 mg of another KBr disc treated in 
the same manner as the samples was placed in the comparison 
beam *

Results and Discussion

The I*R. spectra of different samples recorded are dis
played in the figures 6 and 7 and the main absorption bands 
observed in each case aire listed in the table 4*

The spectra are qualitatively similar to those obtained 
3,5,7,9,10by earlier workers

The absorbance near 3300 cm and 3400 cm  ̂observed in 
the humic substances may be attributed to the hydrogen bonded 
OH - groups. The C = O of COOH group and C = 0 stretch of 
carbonyl groups are responsible for the intense bands at 
1720-1740 cm But in case of synthetic h\amic acid the band 
1720 cm  ̂ is not pronounced (or weak) because of the lower 
number of -COOH group present in the molecule. A niomber of 
groups e.g. hydrogen bonded C = O of carbonyl, aromatic C=C, 
double bond conjugated with carbonyl and COO - group may have
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given rise to another intense band foimd in the region 
1600-1680 cm It has been found that for SFA and PFA
the absorption bands near 1725 cm  ̂ region are quite
intense while those near 1600 cm  ̂ region are not much 
prominent- This is perhaps, due to much more COOH groups 
than COO groups present in these acids* The bands near 
at 1200 cm intensify with the synthetic sample but weaken 
for the natural ones; this may be assigned to C - 0 stretch 
or OH- deformation of COOH groups. The absorption band in 
the range of 1050-1150 cm ^, found with 3HA, SHYA, SFA and 
PFA^ are probably attributable to Si-0-3i and 3i-0-C valences 
and deformation vibrations* The band in this region at 1080 
cm  ̂is very prominent for SFA and PFA* The band at 1720- 
1730 cm  ̂ is found to be intense for the samples from natural 
sources while it is nearly a shoulder in the case of those of 
synthetic origin, which suggests the presence of considerably 
more COOH groups in the former than in the latter* Another 
noticeable point of difference between the samples of natural 
origin and the synthetic ones is the appearance of the intense 
band at 820 cm  ̂in the spectra of the latter* This band ori
ginates from the out of plane vibration of C - H in the aromatic
ring"̂ *

However, no remarkable difference in the spectral pattern 
of natural humic, hymatomelanic and fulvic acids, which may 
precisely help to distinguish between them, is discernible .
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T A B L E - 4
I.R. spectral data of humic substances

San^le Main absorbance band frequencies (cm“ )̂

SH^ 3300, 1720, 1630, 1230, 1100, 1030

PKJil 3300, 1720, 1600, 1200, 1100,

SPA 3300, 1730, 1625, 1360, 1230, 1080, 970

PPA 3300, 1720, 1620, 1400, 1220, 1080

SHYA 3400, 1720, 1620, 1250, 1120, 1030

s w m 3300, 1600, 1200, 1100, 820



C/)

Z<h-(/)OD3(/)
OZ3
X

<q;I—o
UJ
Q.(/)





47

REFERENCES (CHAPTER~IV/SECTIOW~E)

!• Kononova, M* M- - Soil organic matter- Pergamon Press,
N.Y. (1966).

2. Flaig, W., Beutelspacher, H., Rietz, E., - Soil compo
nents, Vol* 1, Gieseking, H.E., - Springer-Verlag 
N-Y. Inc (1975).

3. Schnitzer, M* - Soil Biochemistry, Vo. II (Eds. A.D. M e -
laren and J. Skujins), Marcel Dekker, N.y. (1971).

4» Posner, A.M-, Theng, B.K«G. and Wake, J.R«H. - Intr*
Cong. Soil Sci. 9th Adelaide, Australia, Trans.
Ill, 153 (1968) .

5. Theng^ B.K.G. and Posner, A.M. - Soil Sci. 101, 191
(1967).

6. Stevenson, F.J. and Goh., K.M. - Geochim* Cosmochim.
Acta, _35, 471 (1971).

7. Goh, K.M. and Stevenson, F.J. - Soil Sci. 112, 392 (1971)

8. Tan, K.̂ -. and Giddens, J.S. - Geoderma, 3 (4), 221 (1972).

9. Paul, U. - Ph.D. Thesis, North Bengal University (India),
(1980) .

10. Roy, J.W. - Ph.D. Thesis, Calcutta University (India)
(1974).



SECTION - P 
E.S.R. SPECTROSCOPY
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Electron spin resonance is based on the fact that atoms, 
ions^ molecules and molecular fragrients that have an odd number 
of electrons or unpaired spin exhibit characteristic magnetic 
properties*

An electron may be in any of the two possible and distinct
spin states* The electro magnetic moment for an electron in
such a state is generally expressed as g-î B v;here tiB is the Bohr
magneton, a true constant and 'g' is the spectroscopic splitting
factor which is variable* For a completely free electron, the
value of 'g* is 2*0023 MC/gauss, but when strong coupling occurs,
the value differs appreciably* This method of study is a relatively
new technique in humic acid field and has been applied by a number 

1""8of workers , and almost all of them concluded that humic com
pounds contain relatively high amounts of stable free radicals of 
the semiquinone type.

Apparently they are stable over periods of years under air 
and can survive the geochemical processes of himiiflcation and 
coalification, and may have v/ide ranging effects on many reactions 
that occur in soil* It is likely that the free radicals partici
pate actively as intermediates in oxidation reduction reactions 
in terrestrial and aquatic environments*

Thus these compounds play an important role as electron 
donors and acceptors in nature and so are capable of governing 
many biogeochemicai reactions that occur in these systems.
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It is well know that flavin election transport involves 
the formation of semiquinone intermediates* Similarly, himic 
substances rich in phenolic and quinonoid g r o u p s ^ ' c a n  
mimic flavoproteins by disproportionating as metastable semi~ 
quinones^^* Although it appears that soprtiquinone intermediates 
are involved in oxidation-reduction process of humic substances

Experimental

Thoroughly dried, finely ground humic materials were taken 
in standard ESR sample tubes which were tightly stoppered* ESR 
spectra were recorded in all cases at room temperature on a 
varian associates E—  3 spectrometer, employing 100 KHZ modula
tion and a nominal operating frequency of 9*5 GHZ with a Scan 
range 400 G. The spin concentrations were estimated by compari
son with standard values of DPPH. The peak to peak separation 
of the derivative signal was taken as line width* The magnetic 
field at the sample was calibrated with DPPH (diphenyl-picrylhydra- 
2yl)* 'g* values were calculated by using the equation

g2 IItr- = —  where H_ is the magnetic field at which resonanceHi gĵ 2

occurred for the DPPH of known g (gk) value and Hĵ for the sample 
under study of unknown g-value (g^) •

Results and Discussion

ESR spectra, representative of all humic substances that 
we have examined, consist of a single symmetrical line devoid
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of any hyper fine splitting, which indicates that the free 
radicals are extremely complex in structure*

Rex^ first observed that humic acid contain free radicals,
produced as a result of dehydrogenation and oxidation in which
H-atoms were removed from such groups as aromatic “OH, ~NH2 or
“SH present in humic acids. Thus wide range of compounds can
form semiquinone type of structures which appear to be trapped

2in humic acid molecule* But Tollin and Steelink have rejected 
the existence of trapped free radicals but believe that humic 
acid itself is a stable free radical or a mixture of free 
radicals of semiquinone type*

In the present study, all the humic substances have got *g‘ 

values which correspond to the existence of free radicals in 
them« Soil and s;^mthetic humic acid have got nearly similar 'g' 
values and line width indicating almost similar type of free 
radicals in them* In case of soil and peat fulvic acid, the 'g' 
values and line width are almost similar which also indicates 
the similar type of free radicals in them*

The line width in case of fulvic acid of both soil and peat
origin are greater than that of the humic substances which indi
cates the lower number of free radicals present in fulvic acid 
molecule than humic acid molecule* The parameters calculated 
from ESR study of humic materials were listed in table “ 5 and
the figures were placed in figs* 8,9 & 10.



T A B L E ~ 5 
ESR parameter of hutnlc sixbstances
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, Line widthin gauss «g« Spins/gm

Soil humic acid (SHA) 10 2.0035 73.25 X  10^®

Peat huraic acid (PHA) 6 2.0034 68.52 X  10^^

Synthetic humic acid (SYNHA) 9 2.0038 89.57 X  10^^

Soil Hymatomelanic acid (SHYA) 8 2.0036 80.64 X  10^^

Soil fulvic acid (SFA) 12 2.0040 14.79 X  10^®

Peat fulvic acid (PPA) 12 2.0042 16.47 X  lO^^
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S15CTION - G 
FLUORESCENCE E)OC:iTATION SPECTROSCOPY



Many investigators ' ' showed while fractionating hiamic 
acids by chromatographic method, the fluorescence characteris
tics of humic acids* Hximic acids are heterogeneous in nature 
containing a number of fluorescing groups- During their study 
of fluorescence characteristic of humic and fulvic acids# some 
w o r k e r s ^ ' n o t e d  that all the fractions of humic acids 
exhibit fluorescence with emission maxima at 470 mt̂  •

The present study aims to obtain information about the 
molecular structure of different humic acids in terms of 
fluorescence excitation spectra.
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Experimental

The fluorescence measurement was made in a Farrand Spectro- 
fluoTOmeter* The fluorescence attachment consists of a high 
pressure Xenon arc lamp which serves as the source of ultravio
let and visible energy imaged on to the entrance slit (1 mm) of 
an exciting monochromator* Energy of any selected wavelength is 
directed from this monochromotor on to a sample* The resulting 
fluorescence of the sample at right angle to the exciting beam 
enters an "analysing" monochromator which feeds into a photo
multiplier producing a signal that might be read on a microaweter. 
The samples in water were taken in a fused quartz cell of 1 cm 
thickness* The fluorescent excitation at different wavelength 
were recorded in terms of microameter reading* The fluorescence 
spectra of sodium salts of natural and synthetic h\imic substances 
were recorded*
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Results and Discussion

Himic acids are weakly fluorescent^ and required the use 
of large slits (1 mm)» Jt has been found that in addition to 
Rayleigh scattering, there exists to a smaller extent a form 
of scattering at the wavelength of about 450 mH called R^an 
Scattering* This Raman effect has been found to be independoit 
of the frequency of incident light* All solutions were kept 
sufficiently dilute so that Lambert-Beer's law may obey* Dilu
tion of solution is also necessary to lesson quenching effect^* 
The fluorescent excitation spectra which are recorded in terms 
of microameter reading have however been drawn in terms of 
excitation of radiation taking it as equivalent to microameter 
reading-

The fluorescence excitation spectra of all the humic 
substance?are more or less similar in shape, indicating the 
presence of nearly identical nature of groups of fluorophor 
in them* The intensity difference in the fluorescence of 
different hvunic acid fractions may be due to the concentration 
variation of fluorescent groups present in them* The exact 
nature of fluorescing groups could not be identified in the 
present investigation but the fluorescing property itself 
suggests the presence of either (a) aromatic nucleus substituted 
by at least one electrodonating group such as ~NH2/ “OH or 
(b) congugated imsaturated system capable of high degree of
resonance in humic acids- The foBner view is supported by a

7 8number of workers ' who isolated a number of aromatic comDounds
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from oxidation degradation products of humic acids- On the other
hand presence of stable free radicals supports the congugated

9 10stiructure • According to Rex humic acid are large sized organic
free radicals but steelink and Tollin^^ are of opinion that two
stable free radicals, one of a semiquinone - catechol - resorci-
non type copolymers and the other electron transfer complex of
quinhydrone type co-exist in himic acids* But still no definite

12structure of humic acids can be assigned, yet Flaig tried to 
give some idea of the structure of humic acid by a number of 
tedious e:>q5eriments- According to him hximic acid has got the 
structure like this :

I
Ar.

The structure indicates a number of electron donating (e.g. 
-OH, -OCH ), electron with drawing (-COOH, c=0, - N -) groups ̂ I

R
and resonating structure which are essentials for the fluorescence 
of the whole- The fluorescence with excitation maxima curves of 
humic materials are depicted in Fig. 11 and the results are in 
Table 6.
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T A B L E - 6
Fluorescence excitation spectral data of humic

substances

Sample Wavelength of raaxim\ffla 
excitation In ini»

SHA (Sodiwi salt) 480

PHJV ( •• " ) 492

SFA ( *• “ ) 472

PFA ( " ” ) 480

SHYA (" - ) 470

*• ) 500
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SECTION - H 
POLAROGRAPHY-
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The polarographic technique v;as applied to hiAmic materials by 
Tokuoka and Ruzica'̂ , who found no reduction in case of humic acids 
but with hymatomelanic acids^ they obtained definite polarographic 
wave at - 1 *44\/ against standard calomel electrode where lithium 
hydroxide was used as a supporting electrolyte*

It has been found that the half-wave potential is dependent on 
concentration and shifted towards more positive values with increasr- 
ing concentration* Further, with the concentration of hymatomelanic 
acid less than 0*085?̂ , the diffusion current was observed to be 
proportional to concentration*

2Lucena-Conde and Gonzalex-Crespo reported that the three
fractions from soil organic matter, vjhen subjected to polarographic
studies with the addition of HCIO^/ LiClO^ and LiOH as supporting
electrolyte, were found not reducible at the dropping mercury
electrode* A small reduction wave at 0»45 V against Hg-electrode
in dimethyl sulphoxide solution of natural humic acids was observed
by Lindbeck and Young^- This was attributed to easily reducible
functional groups e*g* a quinone or some other system of highly
conjugated functional groups* Another attempt by Kothoff and 

4Lingane , to estimate the redox potential of soil humic acid 
fractions by polarography proved ineffective because these organic 
matters were not electro-reducible at the dropping mercury electrode-

Experimental

The polarograms of natural humic, hymatomelanic and fulvic 
acids including synthetic model humic acids were recorded in 0*1 M



KCl as the supporting electrolyte at different pH values in the
potential range O to 2*0 V v;ith the help of a recording d*c* pola-

-2rograph (Radelkis-Type OH-102) having sensitivity up to 2 x 10 
amp*/div The dropping mercury electrode with capillary characte
ristics, m = 1*87 mg/sec and t = 4*2 sec measured in an open 
circuit, served as a cathode and the saturated calcanei electrode 
as an anode* In the suspensions pure nitrogen gas was passed for
10 minutes in each polarographic measurement and pH of the sample 
was varied by the addition of alkali (NaoH)-

Results and Discussion

The polarograms of humic materials are shown in Fig* 12-17-
It is found that at low pH, well defined waves are obtained for
each sample, however with increasing pH, the wave appears
virtually to disappears* The same observation has been noted by

1 5  6earlier workers ' ' • In case of fulvic acid, the wave height is 
seen to be reduced to maximum extent with the increase of pH*
It may also be noted that the half-wave potentials (E, ) obtained

in case of systhetic humic acid approaches that of natural system*
The pH value and the corresponding E, value have been listed in

/2
Table 7* Although no definite inference can hardly be made from 
these data, the nature of the polarogram indicates that all the 
compounds appear to possess indentical chemical structure *
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T A B L B - 7
Polarographlc results of hximic substances

Sample pH (Volt)

sm 3.63 “1.30

PKA 3.61 “1.30

SPA 2.80 -1.50

PPA 2.80 “1.45

SHYA 3.58 -1.25

SYNHA 3.50 -1.60



Pig. 12 The Polarograra of Soil Humic acid
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Pig. 13 The Polarogram of Peat Humic acid
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Fig. 14 The Polarogram of Soil Fulvic acid

Pig. 15 The Polarogram of Peat Fulvic acid



Fig* 16 The Polarogram of Soil Hymatcsnelanic acid

Fig» 17 The Polarogram of Synthetic humic acid
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CHAPTER - V 
STUDIES ON CLAY - HUMUS MIXTURES



SECTION - A 
POTENT! OMETRY



Several in v e s t ig a to rs  ' ' have ca rr ied  out considerab le  

work on the e lectrochem ical p ro p e rt ie s  o£ humic ac id  and on the  

nature o f  the e lectrom etric  t i t r a t io n  cuirves o f  humic acid  by  

d i f fe r e n t  bases- From the re s u lts  o f  the work o f  C h atterjee  and
4

Bose , i t  has been found that the htimic acid  so ls  have hydrogen
-4

ion concentration o f  the o rder 10 N* The cation  exchange 

capac ity  o f  humic ac id  i s  a v a r ia b le  quantity  and depends on the 

nature o f base used fo r  t i t r a t io n ,  i « e *  i t  depends on 'Cation
4

e f f e c t ' *  According to C h atterjee  and Bose the C.E-C.  fo llow s  

the o rder, Ca(0H)2 ^  Ba(0H>2 ^  NaoH, whether i t  i s  c a lcu la ted  

a t  pH 7*0 o r  a t  h igher pH va lues corresponding to the in fle x io n  

p o in t  in  the t it r a t io n  curves o f  the so l w ith  d i f fe r e n t  bases* A 

con siderab le  f a l l  in  CEC has been found to occur as a re su lt  o f  

m ethylation o f  the phenolic  group, which shows in d ir e c t ly  the 

con tribu tion  o f  the phenolic groups towards the C.E.C* o f  the 

o r ig in a l  m a te r ia l. S im ilar experiments have a lso  been done by  

m ethylating the carboxy l group too^^ '^ * Other w o r k e r s ^ ' h a v e  

shown that m etals a re  held in  s o i l  as complexes w ith  s o i l  o rgan ic  

m atter \-Jith the help  o f  a s im ila r  method as in  the t it ra t io n  

method* Recently th is  method has been app lied  ex ten sive ly  by  

W right and Schn itzer^, Khanna and Stevenson^ and Khan^° *

The o b jec t  o f  the present chapter i s  to get a ccanprehensive 

idea  o f  . the s o i l  o rgan ic  matter -  c la y  complexes to a sce rta in , 

as fa r  as p o s s ib le , the mode o f  in te ra c t io n  o f  these naturally 
occurrin g  and a synthetic  one p o ly e le c t ro ly te s  w ith c la y  m inerals  

( v i z .  Bentonite and K a o l i n i t e ) *
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Experimental

In order to obtain clay-humus complexes tfie humic acid sol 
was mixed with the colloidal solutions of clay minerals in the 
proportions of HA ; Clay = 1 s 9 to 9 : 1» The mixtures were 
kept in stoppered jena bottles for a week v/ith occasional shak
ing* Preliminary studies allowing minimum time of reaction did 
not show any aporeciable change in the titration curves and 
other oroperties of the mixtures* Usually, therefore, the time 
of interaction was about one week* At the end of this period 
each clay-hxamus mixture was titrated potentiometrically with the 
aid of a digital pH meter with combined electrode* E-C- - Toshni- 
v/al uoller 0 to 14 pH, o*̂ cto 17^0*

The titrations have been carried out continuously with NaOH 
solutions to measure the cation exchange capacity of each mixture 
The results of these titrations are given in table No* 8 to 19 
and represented graphically in figures 18 to 29*

Results and Discussion

From the results of this titration it has been found that 
during the titration of original clay with NaOH the pH change 
is initially slow indicating an weak acidity, but afterwards 
the curve begins to flatten* This is due to the accumulation of 
osmotically active Na"̂  ions in the mobile double layer of the 
clay surface, replacing the surface H*̂ ions of the clay minerals 
or may be due to simple buffering of the systems* (Fig. 1(A) )•

It has also been observed that the C-S.C* of the clay-humic 
acid mixtures is in every case less than the sum of the C.E.C.
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values of the individual components, i*e* the C-E-C value is not 
additive. The value in C.E-C. difference is maximum in each case 
with decreasing the amount of humic components present in each 
clay-humic mixture* The pH at the inflexion point also increases 
with the nroQortion of humus. The decrease in base exchange 
capacity of montmorilIonite clay when treated with proteins and 
various types of other organic ions like amines, alkaloids, urea 
has been observed by Mukherjee^^, who concluded that though some 
of the exchange sites of clay w6re more or less firmly occupied 
by the adsorbed organic molecules, yet a proportion of the 
exchange sites remained unoccupied even v/hen total amount adsorbed 
far exceeded the exchange capacity. These results were explained 
by assuming interaction between clay and organic ions in addition 
to mechanical adsorption* Similarly in the present series of 
investigations, the deviation of the exchange capacity values of 
different humic-clay mixtures from the additive rule would suggest 
that in all probability there may be a chemical linkage between 
the two components* The per cent lowering of C-S-C. is increased 
with increasing the percentage of clay in each case. It is also 
found from the data that the per cent lov/ering of C-S.C. value 
in each system in the case of Bentonite-Humus mixture is in the 
following order SH^)> SFA^ P F ^  S'ifNFA but in case of
Kaolinite Humus mixture the order is in the follov;ing way
S FA ^  P IIA^  PFA^  3I-K\

So it appears that the interaction between clay and humus
depends not only on the humus clay ratio, but also on the nature
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of the clay minerals as well as the nature of the humus substances' 
From the data it seems that the said interaction is stronger with 
soil humus fractions than with the synthetic varieties*
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A-SH^ : Bentonite - 9j1
B-SHA : Bentonite - 8:2
C-SH^ : Bentonite - 7:3
D-SHA : Bentonite - 6:4
E-SHA : Bentonite - 5:5
p-SHA : Bentonite - 4:6
G“SKA : Bentonite ~ 3:7
H-SHA : Bentonite - 2:8

Fig* 18

I-SHA : Bentonite - 1:9



me of boss /100 g m

POTENTIOMETRIC TITRATION CURVES OF BENTONITE
CLAY- SHA MIXTURES



A-PHA t Bentonite - 9 si 
B-PHA : Bentonite - 8*2 
C-PHA : Bentonite - 7s3 
D-PHA : Bentonite - 6s4 
E-PHA : Bentonite - 5:5 
P-PHA * Bentonite - 4:6 
G-PHA : Bentonite - 3:7 
H-PHA : Bentonite - 2:8 
I-PHA : Bentonite - 1:9

Fia> 19





A-SPA : Bentonite - 9*1
B-SFA : Bentonite - 8:2
C-SPA : Bentonite - 7*3
D-SPA * Baritonite - 6:4
E-SPA : Bentonite - 5:5
P-SPA : Beitonite - 4:6
G-SPA : Bentonite - 3:7
H-SPA : Bentonite - 2:8

Pig* 20

I-SPA : Bontonite - 1:9



me of base / 100 gm

POTENTIOMETRIC TITRATION CURVES OF BENTONITE
C L A Y - < ? P A  MIVTIIDtr»»



A“PFA j Bentonite “ 9*1 
B-PPA : Bentonite - 8*2 
C-ppA : Bentonite - 7*3 
D-PFA s Boitonite - 6:4 
E-PPA s Bentonite - 5:5 
P-PPA : Baitonite - 4:6 
G-PFA i Bentonite - 3:7 
H-PFA : Bentonite - 2i8 
I-PPA : B^tonite - 1:9

F±a» 21



me of base /\0 0 g m

POTENTIOMETRIC TITRATION CURVES OF BENTONITE
C LA Y- PFA MIXTURES



A-SHYA : Bentonite - 9:1 
B-SHYA s Bentonite - 8s2 
C-SHYA : Bentonite - 7s3 
D-SHYA s Bentonite - 6j4 
E-SHYA : Bentonite - 5s5 
P-SHYA s Bentonite - 4$6 
G“SHYA s Bentonite ~ 3s7 
H-SHYA s Boitonite - 2s8 
I-SHYA : Bentonite - 1:9

Flq» 22



me of base /100 gm

POTENTIOMETRIC TITRATION CURVES OF BENTONITE
CLAY-SHYA MIXTURES



A-SYNH?i : Bentonite - 9:1
b-SYNHA : Bentonite - 8:2
C-SYNHA : Bentonite - 7:3
D-synha : Bentonite - 6:4
E-SYNHA : Bentonite - 5:5
P-SYNHA : Bentonite - 4:6
G-SYNHA : Bentonite - 3:7
H-SYNm : Bentonite - 2:8

Fig* 23

I-SYNm : Bentonite - 1:9





s Kaolinite - 9*1 
B-SHA t Kaolinite - 8*2 
C-SHA * Kaolinite - 7:3 
D-SHA t Kaolinite - 6s4 
E-SHA t Kaolinite - 5:5 
f-SHA : Kaolinite - 4:6 
G-SKA : Kaolinite - 3:7 
H-SHA : Kaolinite - 2:8 
I-SHA : Kaolinite - 1:9

Fiq» 24



me of base /lOO gm

POTENTIOMETRCiriTRATION CURVES OF KAOLINITE
CLAY- SHA MIXTURES



A-PHĴ  s Kaolinite - 9*1 
B-PHA : Kaolinite - 8:2 
C-PHA : Kaolinite - 7s3 
d-PHA : Kaolinite “ 6:4 
E-PHA : Kaolinite - 5j5 
P-PHA I Kaolinite - 4*6 
G-PHA : Kaolinite - 3s7 
H-PHA : Kaolinite - 2:8 
I-PHA : Kaolinite -1*9

Fig* 25



m e  of base /lOO gm

POTENTIOMETRICTITRATION CURVES OF KAOLfNITE
CLAY-PHA MIXTURES



A-SFA * Kaolinite - 9:1 
B-SFA : Kaolinite - 8:2 
C-SPA : Kaolinite - 7:3 
D-SFA : Kaolinite - 6:4 
E-SPA : Kaolinite - 5:5 
F-SPA : Kaolinite ~ 4:6 
G-SFA : Kaolinite - 3:7 
H-SPA : Kaolinite - 2:8 
I-SFA : Kaolinite - 1:9

Fig* 26





A-PPA : Kaolinite - 9:1 
B-PFA : Kaolinite - 8:2 
C-PPA : Kaolinite - 7:3 
D-PPA : Kaolinite - 6:4 
E-PPA ; Kaolinite - 5:5 
F-PFA : Kaolinite - 4:6 
G-PFA : Kaolinite - 3:7 
H-PFA : Kaolinite - 2:8 
I-PFA : Kaolinite - 1:9

Fiq« 27



me of base /lOO gm

POTENTIOMETRIC TITRATION CURVES OF KAOLINITE
CLAY-PFA MIXTURES



A-SHYA : Kaollnite - 9:1
B-SHYA : Kaolinite - 8s2
C-SHYA : Kaolinite - 7*3
D-SHYA i Kaolinite - 6«4
E-SHYA s Kaolinite - 5s5
P-SHYA s Kaolinite - 4s6
G-SHYA : Kaolinite - 3*7
H-SHYA : Kaolinite - 2*8

Flq« 28

I-SHYA * Kaolinite - 1*9





A-SYNHA : Kaolinite - 9*1
B-SYNHA : Kaolinite - 8:2
C-SYNHA ! Kaolinite - 7:3
D-SYNHA : Kaolinite - 6:4
E-SYNHA : Kaolinite - 5:5
F-SYNHA : Kaolinite - 4:6
G-SYNHA : Kaolinite - 3:7
H-SYNHA : Kaolinite - 2:8

Fig* 29

I-SYNHA : Kaolinite - 1*9
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SECTION - B 
I.R. SPECTROSCOPY
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The infrared spectrum of a compound is essentially the 
superposition of absorption bands of specific functional groups^ 
yet subtle interactions with the surrounding atoms of the mole
cule impose the stamp of individuality on the spectrim of each 
compound* For qualitative analysis^ one of the best features of 
an infrared spectrum is that of absorption or the lack of absorp
tion in specific frequency regions can be correlated v̂ ith the 
specific vibrational groups and bending motions and in some case 
it is possible to have relationship of these groups to the 
remainder of the molecule* Thus by interpretation of the spectrum 
it is possible to in far the nature of functional group's in the 
material. Based on these idea attempt has been made to get infor
mation regarding the functional groups in humic materails and
their mode of interaction with the clay minerals from I*R- Study-

1 2Some investigators * have tried to focus attention on the use of 
infrared spectroscopy to get information regarding functions of 
various reacting groups in such interactions* In this chapter I-R- 
spectra of different humic acids and their interactions products 
v;ith clay minerals have been studied* From this, attempts have 
been made to obtain information about involvement of different 
functional groups of humic substances in complexation reactions 
with clay minerals*

Experimental

The 1 : 9 ratio of each humus j C l a y  system in potentiometrie 
study shows the maximum per cent lowering of C-E.C- This particular
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ratio o£ different humic material - clay complexes only have been 
considered for I-R- Study. A H  these samoles, prepared according 
to method nresented in chapter V, Section A, were dried at 60°C 
in on air oven and then kept in vacuxm for 48 hours* The infrared 
spectra were measured on a recording Beckmann model IR-20 infrared 
spectrophotometer. The samples were orepared in the form of discs 
using KBr - Pellet technique^, 2*0 mg of thoroughly dried material 
was ground manually with 200 mg of Ovendry KBr in a glass mortar 
for about 5 minutes at rooTi temperature* Then an additional 200 mg 
of KBr was added and grinding was continued for another 5 minutes* 
The mixture was transferred to a KBr-disc press which was evacuated' 
The pellets were nressed at 10 tons total pressure for 15 minutes* 
The KBr-disc with the samole was placed in one beam of the spectro- 
photometer and the blank consisting 400 mg of another KBr-disc 
treated in the same manner as the samples were placed in the 
comparison beam* Results in this experiment are shown in tables 
20, 21 and the IR spectrum are placed in Fig* 30 to 49*

Results and Discussion

It has been found in Table 20 and 21 that infrared spectra 
of soil humic acid, fulvic acid and hymatomelanic acid used in 
this investigation are nearly identical to those reported by 
earlier workers^'^'^'^* From the nature of the absorotion bands 
found in IR spectra of the humic substances, it appears that 
there is predominance of oxygen containing functional groups e*g* 
COOH, “OH and C=0* Moreover, it is also evident that htimic
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substances have an aromatic ring structure with hydroxyl group
. . 6in the form of polymeric association •

The assignments of the absorption bands of two clay mineral
specimens indicate that they are different in structure* The
absorption bands at 3400 cm"^ in the clay mineral specimens are
due to “OH bending or rocking vibrations* It has been also shown
from IR spectroscopic studies of clay minerals that the frequency
of the absorption band corresponding to the fundamental valence
vibration of 0-H bond depends upon degree of association of these 

7groups • Generally in layer silicates characteristic band due to
this particular group appears in the region of 3000-3700 cm ^ and

8with association or adsorption of H2O, its frequency is lowered . 
Therefore, appearance of the above absorption bands at lower ranges 
is considered as due to hydrogen bonded -OH group or adsorption of 
water molecule on the clay surface* According to Farmer and 

9Russell the pattern of absorption in Kaolinite can be explained 
by ascribing the 3697 cm  ̂band to the symmetrical vibration of 
the gibbsite like sheet# the bands at 3650 cm  ̂is the in-plane 
vibration, with their degeneracy lifted, while the 3620 cm  ̂
absorption arises principally from the hydroxyl group on the side 
of the tetrahedral sheet*

Miller^^ concluded that some bands in between the region of 
3600-3700 cm  ̂ for Kaolinite are due to stretching vibration of 
relatively unassociated 0-H groups i-e* due to hydroxyl grouP5 
nearly free of hydrogen bonding to other atoms- Similarly the 
absorption bands in the region of 800 cm  ̂in both the clay systems
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are assigned to be due to the association of the bending vibration 
of -OH group with two or tv;o ions in octahedral position^*

The I«R* bands in humic components more or less coincide with 
that of its clay complex with certain changes in nature and shape 
of the same. This change in shape and nature of band may indicate 
that some sort of complexation of humic components with clay mine
rals has taken place* The appearance of absorption bands around the 
region of 16 30 cm  ̂which is characteristic of carboxylate ion 
indicates that this group plays an important role in linking of the 
polyvalent metal cation on the clay surface through water molecules
that are associated v/ith soil organic matter* This is in accordance

12with the findings of Mortland • Another noteworthy feature of the 
disappearance of the band in the region of 1200-1250 cm  ̂of hxmic 
components in complex formation* This indicates that during complex 
formation replacement of some hydrogen by hydroxyl group on the end 
carbon of some side chain might have occurred leading to the C-0 
stretching^^* The presence of band at 1720 cm  ̂in humic materials 
have almost same position in its clay complex, which may indicate 
that the C=0 group of carboxylic acid is not participating in this 
complex formation*

Thus the study of the absorption bands of the different clay- 
humus complex reveals that there are no major shifts in positions of 
the band freauencies of clay specimens and the humic material even 
after their interaction, excepting some changes in the nature of the 
bands. Therefore one may conclude from this data that clay-humic
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interaction is probably guided bymainly the physical forces*
However this is in contrast to the observations noted by the

1 2  4*^earlier v/orkers * * *~ and hence possibly the infrared method 
as adopted by the present worker is inadequate to reveal any 
significant chemical change by clay-humic interaction*
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Fig. 30 The Infrared Spectra of Bentonite clay
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Pif* 31 The Infrared Spectra of Kaolinite clay
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Pig* 32 The Infrared Spectra of soil humic acid

Pig* 33 The Infrared Spectra of Peat humlc acid
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Fig* 34 The Infrared Spectra of soil fulvic acid
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Fig* 35 The Infrared Spectra of Peat fulvic add



Flg» 36 The Infrared Spectra of Synthetic humic add

Fig. 37 The Infrared Spectra of soil hymatomelanic acid
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Fig. 38 The Infrared Spectra of Bentonite clay soil 
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Fig. 39 The Infrared Spectra of Bentonite clay-peat

hxjmic acid Complex
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Plg» 40 The Infrared Spectra of Bentonite clay-soil 
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Plg» 41 The Infrared Spectra of Bentonite clay-Peat
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Fig* 42 The Infrared Spectra of Bentonite clay-soil 
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Pig* 43 The Infrared Spectra of Bentonite clay-
Synthetlc humic acid Canplex



Pig* 44 The Infrared Spectra of Kaolinlte clay- 
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SECTION - C 
E.S.R. SPECTROSCOPY
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Oxidation-reductlon reactions are cororaon in soils and
are governed by their redox potentials* Humic substances,

1 2which contain phenolic and quinonoid groups * participate 
in oxidation-reduction reactions# most likely via free radi
cals which are present in relatively high concentrations in 
these materials and which have been shown to be mainly of the 
semiquinone type^'^'^'^'^« Although structures of this kind 
appear to be involved as intemediates in oxidation - reduction
processes, little is known about the mechaniaas that control

8these re«(ctions« steelink noted that the reduction of humic 
acid with metal caused small decrease in spin concentrations* 
Actually this ESR study is a recent technique in the field of 
humic substances and has been applied by several workers- The 
formation of ESR spectra of hiamic substances with hyperfine 
structures is obviously of considerable interest to those 
concerned with the chemical structiire of these materials and 
with the development of possible methods of their characterisa
tion* Humic spectra is basically devoid of hyperfine splitting

c gexcept on some specific chemical treatments ' * Because of the 
important roles played by free i^dicals in reactions with pes
ticides and toxic pollutants, in the physiological effects that 
humic substances are known to exert, and in polymerization- 
depolymerization reactions, there is a scope to establish a 
relationship betwe^ redox reactions and the free radical content 
of hutnic substances* In the presait study our object wa? to find 
whether the con^lexation of htrotic stjbstances with the clay miner-
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als can bring about any clMmges in concentration of the free
radicals which in turn may provide some information on tte
type of complexation*

t

Experimental

Thoroughly dried finely ground complexing materials (Humus- 
Clay complex of only the 1:9 ratio in each case) were taken in 
standard ESR sample tubes which were tightly stoppered* ESR 
spectra were recorded in all cases at room temperature on a 
varian associates E-3 spectrcmeter, employing 100 KHZ modulation 
and a nominal operating frequency of 9*5 GHZ with a scan range 
400 G* The spin concentrations were estimated comparison with 
standard values of DPPH- The peak to peak separation of the deri
vative signal was taken as line width* The magnetic field at the 
sample was calibrated with DPPH (diphenyl-picrylhydrazyl). *g’

H- gvalues were calculated by using the equation where
”l %

is the magnetic field at which resonance occurred for the 
nPPH of known g (gk) value and for the sample under study of 
g-value unknown (ĝ )• The parameters calculated from ESR study 
were listed in Tables 22 to 24 and the Figures were placedin 
Figs- 50 to 56 •
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Restidts and Discussion

E.S.R. signals of humic materials and their clay complexes 
are nearly similar in appearance* All the curves have got only 
one main signal, and 'g* values which correspond to the existence 
of free radicals in these compounds* All the hianic substances 
(except fulvic acid both peat and soil) have got nearly similar 
*g* values and line width indicating almost similar type of free 
radicals*

But in case of fulvic acids the line width and the *g* value 
are slightly higher than the other material* in case of complex 
study, the hraaic materials after complexing with bentonite clay 
increases the line width which may indicate the decrease of free 
radicals on the con^lexing systems^^* Prom the above point of 
view, it seems that the reaction during the formation of the 
complex is probably going, at least, to some extent through oxida-

9tion reduction systems , which can not be stated definitely from 
the infrared and potentiometric study* The increase of line width 
in case of bentonite clay-humic material complex is slightly higher 
than that of kaolinite clay-h\anic material complex i«e* the complex- 
ing tendency of bentcmite-humic material is much more than the 
kaolinite-humic material* ibllin and Steelink^^ believe that humic 
acid contains the following structures in it*
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Who also rationalizes free radical reactions in hutiic
siibstances in terms of intermolecular charge transfer syst«ns
consisting of quinone and hydroquinone structures* Senesi and 

12Schnitzer then propose a scheme which is given below and 
explains the observed reversibility of the oxidation-reduction 
reactions, their honolytic mechanism, and the relative stability 
of the transient free radical intermediates under different 
conditions*
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Schnitzer and Skinner^ reported that clay complexes decrease 
the free radicals content in fulvic acid* This observed decrease 
in free radical concentration suggest that free radicals in humic 
materials may be partly associated with the arcamatic structures 
containing chrcxnophoric groups- Szilgyi^^ found that humic acid 
possesses reducing property* This humic acid being free radical 
contains odd electrons which may take part in reducing the metal 
ions present in clay minerals* The free radicals in humic substan
ces are therefore decreased and the ccnnplexes materials should 
have greater line widths* :^in concentrations for complexing 
syst«ns were in all cases less than that of the humic materials*
In case of synthetic humic acid-clay complex the spin value was 
slightly less than that of SYNĤ * However, it may be concluded 
that clay minerals which form complexes with humic materials 
affect the free radicals, but the actual nature of the inter
action of the clay minerals with the odd electrons in the molecule 
(hxanic materials) can not be stated definitely from the presoit 
study *
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T A B L E - 22

ESR parameter of humlc substances and Clay minerals

S5«npl6 Line width in gauss
H g M Spina/ gm

Soil hundc acid (SH\) 10 2.0035 73.25 X 10̂ ^

Peat humic acid (PHA) 6 2.0034 68.52 X 10^^

Synthetic hunoic acid (SYNĤ ) 9 2.0038 89.57 X 10̂ *̂

Soil Hymatomelanic acid (SHYA) 8 2.0036 80.64 X 10^^

Soil fulvic acid (SFA) 12 2.0040 14.79 X 10̂ ^

Peat fulvic acid (PFA) 12 2.0042 16.47 X 10^^

Bentonite Clay Do not have any absorption

Kaolinite Clay Two peaks with "g** value of 2.0032
and 2*0030 respectively
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ESR Parameter of Bentonite Clay and different humlc material
Coptpleâ s

T A B L E D  23

Sample Line width 
in gauss M g « Spins/gnn

Baitonlte Clay -  
Complex

sm. 14 2.0030 17.22 X 10^^

Bentonite Clay - 
Complex

pm 8 2.0030 26.42 X 10̂ ®

Bentonite Clay - Canplex
SYNHA 10 2*0036 78.92 X 10^^

Bentcmite Clay - Complex SHYA 9 2.0035 70.47 X 10̂ ®

Bentcaiite Clay - 
Complex SFA 14 2.0037 -

Bentonite Clay - Complex PFA 13 2.0040 -
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E5R parameter of Kaoiinite ciav an<a tiiimic material
CotqEJyê Sgg

<!a«vsi widthin gauss « g « Spins/gn

Kaoiinite Clay - SHA 
Complex 2.0034 17.88 X  10^^

Kaoiinite Clay - PHA , 
Complex 2*0032 42.46 X 10^^

Kaoiinite Clay - SYNm ^ 
Complex 2.0037 80.54 X 10^^

Kaoiinite Clay - 3HYA g Ccxnplex 2.0035 65.38 X  10^^

Kaoiinite Clay - SFA , ̂ Canplex 2.0038 -

Kaoiinite Clay - PPA 
Complex 2.0041 -
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SECTION - D 
X-RAY DIFFRACTION STUDY
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In recent years X-ray diffraction analysis^ a nondestructive 
Instrumental technique has been utilised in difffer^tlating between 
various soil components, (1) Clay minerals (ii) Soil humic compounds 
and (iii) Organometallic clay complex* The crystalline clay mineral 
show characteristic diffraction patterns with a more or less pro- 
notmced basal spacing (dool) • Naturally occurring soil humic subs
tances are non-crystalline, amorphous and irregular heteropoly
condensates of hexagonal benzene rings having graphite like arrange-
m«its with appreciable number of disordered aliphatic or alicyclic

12  3side chains and functional groups ' ' • The diffraction patterns 
of humic acids usually show broad, diffuse bands near 3*5 X due to 
ordering of condensed arcxnatic layers whereas X-ray patterns of 
fulvic acids exhibit halos in 4«1 to 4»7 % regions ( - b a n d s . 
Sctaitzer ̂  and others^ have reported that adsorption of two
natural degradation products of soil organic matter viz*, fulvic and 
humic acids, alter the X-ray diffraction characteristics, esjjeciaily, 
doo| spacings of the adsorbed products and are used to indicate the 
nature of organo-metallic clay complexes at external surface sites 
and interlayer spacings* Such studies have their importance in 
evaluating soil fertility, moisture content and soil aggregation 
characteristics.

Experimental

The 1:9 ratio of each humus : clay system in potentiometrlc 
study shows the maximum per cent lowering of CEC. This particular 
ratio of different hianlc material-clay complexes only have been 
considered for this X-ray diffraction study* All these samples.
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prepared according to method presented in Chapter-V, Section-A, 
were finally washed with alcohol and water* The complexes were 
then vacui»n dried at room temperature and the dried materials 
were powdered in agate morter very slowly and were subjected to 
X-ray examination • The X-ray photographs were taken in a ̂ inier 
camera using C«ka - radiation, the X-ray tube being operated at 
40 KV. and 24 MA-in a philips PW 1011 X-ray generator- The d-value 
in X were measured with the help of a Otuinier scale and the 
relative intensity was detennined visually.

Results and Discussion
The diffraction patterns of the clay minerals and their 

complexes with humus substances are presented in Tables 25 to 29 
and the photographs were placed in Figs- 57 to 69 •

TU)o clay minerals. Bentonite and Kaolinite show their strong 
Intensity in the dool ~ reflections (Table - '• Tables to
^9 show the X-ray diffraction data of different huralc material- 
kaolinlte complexes- In all the cases there is no change of dool 
spaclngs of kaolinite clay mineral (i-e- 7*2 X) even after the 
Interaction with different humlc material- Prc»n this point of 
view, we may conclude that the humlc materials are held mostly on 
the external surfaces of the kaolinite clay minerals- Tables^6 to 

show the X-ray diffraction date of different humlc material- 
Bentonite canplexes.
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Here in all the cases the dool value was slightly more 
than that of the Bentonite itself (i*e» 14*2 %) and most of 
the cases the intensity was weak-medium-broad* 'Hie increase 
in the doo^ value of the different humic material-Bentonite 
complex follow the order, Bentonite-SH?^ Bentonite-PHA^ 
Bentonite-SFA^ Bentonite - PPi^ Bentonite - SYNHA. This 
can be corelated to their potentianetric titration value in 
respect of their per cent lowering in CEC* Prom such a 
relative lower values of dool spacing in case of Bentonite - 
SYNHA complex# it seems that the interaction is stronger with 
soil humus fraction than with the synthetic varieties- It 
appears from the datô  that surface adsorption is the most 
predominant one in both the cases* However, scxne interlayer 
adsorption cannot be altogether ruled out* More work in this 
line is warranted •



X~rav diffraction parameter o£ H-KaoXinlte and H-Bentonite Clay. 
Lattice spacings in % and estimated intensities of lines

99T A B L E - 25

H-Kaolinite H-Bentonite
d, in X I d# in %

7.2 S 14.20 S(B)
4.45 MS 4.45 S
4.35 W 4.05 M
4.15 W 3.33 W
3.35 WW 3.12 vvw
3.72 w w 2.85 WW
3.58 MS 2.79 w w
3.33 w 2.56 W(B)
3.10 WW 2.47 VW(B)
%-56 M 2.22 VW(B)
2.52 W 2.11 WW(B)
2.49 M 2.01 WW(B)
2.37 MW 1.865 WW(B)
2.34 MS 1.820 WW
2.29 M 1.685 W(B)
2.25 WW 1.605 WW
2.19 vw 1.540 WW
2.12 w w 1.492 M(B>
1.99 w 1-290 VW(B)
1.89 vw 1.245 VW(B)
1.838 vw
1.785 vw
1.682 MW
1.660
1.618 MW
1.585 vw
1.540 VW(B)
1.489 MS
1.469 WW
1.450 MW(B)
1.429 WW
1.390 VW
1.370 wt^
1.340 VW
1.308 VW(B)
1.290 Wl-J
1.285 MW
1.268 Vtf
1.249 VW
1.235 VW(B)
1.195 W W

S-strong^ MS-Medium strong, M-Medium, WM-Weak Meditun, W-Weak, MW-Medium weak, vw-very weak, WW-Very very weak, B-Broad,I - Intensities •
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T A B L E -  26

Complexes

H-Bentonite 
Complex

- SHA H-Bentonite - PHA 
Conplex

H“Bentonite “ SYNHA 
Complex

d, in 8 I d, in % I d, in % I

14*45 WM(B) 14.40 WM(B) 14.30 WM(B)
4*45 3(B) 4.45 S(B) 4 .4 5 S(B)
4-OS WM(B) 4.05 WM(B) 4 .0 5 WM(B)
3.49 W W 3.36 m 3 .3 2 M
3.33 W 2.57 W(B) 3 .1 0 WM
2.56 W(B) 2.49 Ŵ if(B) 2.76 W W
2.47 WW(B) 2.22 WW(B) 2.40 VW(B)
2.22 WW(B) 2.13 WW(B) 2.21 VW(B)
1.82 W^'J(B) 1.97 WW 1.960 WW(B)
1.68 VW(B) 1.82 W W 1.865 WW(B)
1.495 VW(B) 1.695 WW(B) 1.820 WW
1.285
1.248

WW

WW
1.500 W(B) 1.680

1.625
1.560
1.487
1.290

W(B)
VW

M(B)
VW

VW(B)

s-strong, MS-wedlum Strong# M-Medivim^, WM-Weak medi\jm, W - Weak,
MW - Medixom weak, VW 
I - Intensities*

- Very weak, WVl - Very very weak, B-Broad,
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x-ray
T A B L E “ 27 

diffraction parameter of Clay-hiamus Complexes

H-Bentonite - 
Complex

SFA H-Bentonite - 
Complex

PFA

d, in % I d# in ^ I

14*36 WM(B) 14.34 W(B)
4*45 S(B) 4 .4 5 S(B)
4.05 M(B) 4.05 M(B)
3.31 WM 3 .3 4 W
3.09 v w (b ) 2.56 VW(B)
2.54 MW(B) 2.4 0 WW(B)
2.45 WW(B) 2.21 VW(B)
2.25 WW(B) 1.687 WW(B)
2.21 VW(B) 1.492 MW(B)
2.11 w w 1 . 3 7 4 WW(B)
1.98 WW(B)
1.802 W W
1.678 MW
1.482 WM
1.280 vw
1.232 WW(B)

s-strong, MS-Medium strong, M-Medium, WM-Weak medixm/ w-Weak, 
MW-Medium weak# VW-very weak, WW-very very weak# B-Broad# 
I-Intensitles .
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X-Ray diffraction parameter of Clay-humus Complexes

H-Kaolinlte
Complex

-  SHA H-Kaolinite- PHA 
Complex

H-Kaolinite -  
Complex

SYNHA

d, in % I d, in % I d, in % I

7.2 S 7.2 S 7 . 2 S
4.45 MS 4 .4 5 MS 4 .4 5 MS
4.35 W 3 .3 0 W 3 . 5 7 M
4*15 VW(B) 3.11 w w (b ) 3 .3 2 VW
3.32 MW 2 .5 5 M 3 .1 0 WW(B)3.10 ww 2 .50 W 2 .5 5 M
2.56 WM 2.48 M 2 .52 W
2.53 w 2.36 W W 2.48 WM2.49 WM 2 .3 2 M 2 .3 7 VW
2.37 w 2.27 WM 2 .3 3 M2.33 M 2.22 VW(B) 2.28 WM2.28 WM 2.17 VW 2.22 WW(B)2.23 W W 1.96 VV? 2.18 WW2.18 W W 1.92 VW 1.98 H2.12 ww 1.91 VW 1.93 VW1.985 WM 1.76 W W 1.83 ww1.935 vw 1.658 MW(b ) 1.78 ww1.890 W W 1.610 VW 1.68 vw1.835 ww 1.570 ww 1.655 MW(b )1.762 vw 1.530 ww 1.610 vw1.680 VW(B) 1.485 M 1.580 ww1.660 W(B) 1.460 VW 1.530 ww
1.61^ VW(B) 1.441 VW(B) 1«481 M
1.585 WW(B) 1.422 /̂VW 1.460 ww1.540 WW(B) 1.380 W W 1.445 VW(B)
1.485 M 1.364 W W 1.425 Wtf1.462 W W 1.334 VW 1.385 VW i1.450 VW 1.305 ww 1.365 VW?1.425 VYfl 1.288 ww 1.335 vw1.390 VWi 1.282 MW 1.305 ww1.370 ww 1.264 W W 1.289 ww1.340 MW(B) 1.243 m 1.280 MW1.305 MW(B) 1.230 W ĵ (B) 1.260 WVJ1.282 W (B) 1.245 ww1.265 W W 1.230 VW(B)1.245 MW(B)
1.235 MW(B)
S~strong, MS-Medium strong, M-Medlum, WM-Weak medium, W-Weak, 
MW-Medium weak, VW-very weak, WW-very very weak, B-Broad,
I - Intensities •
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T A B L S ~ 29 
X-ray diffraction parameter of Clay humus cc^plexes

H-Kaolinite - SFA H-Kaolinite - PFA
Complex Complex

d, in R I d, in X I
7.2 S 7.2 S
4.43 MS 4 .4 3 MS
4.34 W 4 .3 4 W
3.55 M 3 .5 0 VW
3.30 WW(B) 3.26 WW(B)
3.11 W 3 .1 0 VW
2.56 vw 2.56 M
2.52 M 2.50 WM
2.48 WM 2.46 VW
2.36 W W 2.31 M
2.30 WM 2.22 W
2.22 WM 2.10 W W
2.10 vw 1.90 WW(B)
1.94 W l*85t V W  ' ■'
1.86 WW(B) 1*74 M
1.00 W W 1*60 W
1.72 W W 1*570 WM
1.66 w 1*534 M1.60 M 1*521 VW
1.572 WM 1*482 W W
1.528 VW 1*460 W W
1.480 M 1*442 W W  (B)
1.460 W W 1*372 M1.440 VW 1*361 W1.382 VW 1*335 WM
1.361 W W 1*300 W
1.335 VW 1*280 WM1*300 MW 1.271 VW
1.287 VW 1.260 WW(B)1*280 W 1*240 VW1.265 MW 1*230 W W1*241 MW
1.231 W(B)

s-strong, MS-Medlum strong, M-MedLum, WM-Weak medium# w-Weak, 
MW-Medlum weak, VW-very weak, WW-very very weak, B-Broad,
I - Intensities •



fig. 57. The X-ray Plx>tograph of Boitonite clay

Pig* 58• The X-ray Photo^aph of Kaolinlte clay.

Plg« 59* Blank
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P i g .  60. Ttie x-ray Photograph of Bentonite ciay- 
soil humic acid Complex*

I
?lg* 61• The X-ray Photograph of Bentonite clay- 

peat huTRic acid Complex*



Fig. 62» The X-ray Photograph of Bentonite clay- 
soll fulvic acid Complex.

Pig. 63- The X-ray Photograph of Bentonite clay- 
peat fulvic acid Complex.
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Fig. 64• The X-ray Photograph of Bentonite clay 
synthetic humic acid Complex*

I I

Fig. 65. The X-ray Photograph of Kaolinite clay- 
soil humlc acid Complex*



Pig* 66 • The X-ray Photograph of Kaolinlte clay- 
peat humlc acid Complex*

Pig* 67- The X-ray Photograph of Kaolinite clay- 
synthetic hxanic acid Complex-



Fig* 68* *nie X-ray Photograph of Kaolinlte clay-soil 
fulvlc acid Complex*

M K  r ' .  i : E H I

Pig* 69* The X-ray Photograph of Kaolinlte clay-peat 
fulvlc acid Complex • '
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Humus, in a quantitative sense, though constitutes a 
minor fraction of soil, yet its influence on physical, physi
cochemical and microbiological properties of soil is consider
able. Apart from its colossal importance in agriculture in 
which humus is perhaps as a single entity has the greatest 
influence, it has got different industrial applications too*
It has been known for a long time that hxmus substances enhance 
the fertility of soils by improving the physical properties, 
such as heat regime, soil structure, waterholding capacity, 
aeration, drainage, etc* Moreover, besides being a source of 
nutrients to the plants, humus has also a fundctfnental effect on 
such physico-chemical properties like exchange capacity, buffer
ing properties of the soil and the chelation property* In 
addition to its being effective individually, humus is found to 
interact with the clay fraction and thereby modify the proper
ties of each* Humus is a mixture of very ccxnplex substances and 
its exact nature has not yet been established* The nature of 
interaction, if any, cannot conveniently be studied, owing to 
the nature of the substances concerned, by means of ordinary 
chemical methods* It seems more amenable to physico-chemical 
and biological methods, some of which have been employed in 
the present investigation* The fraction taken in this interaction, 
viz. clay and hximus, are likely to be most active in the colloi
dal state and they have been used as such*

In order to arrive at conclusion, the present venture has 
been laxmched into two angles, (a) The characterisation of humic
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substances, which were siabjected to the following physico
chemical tests, (i) Elemental analysis (ii) Potentiometry 
(iii) Viscosity (iv) Visible absorption spectroscopy 
(v) I*R* Spectroscopy (vi) E.S.R* Spectroscopy (vii) Fluo
rescence excitation spectrosopy (viii) Polarography 
(b) Studies on clay-humus mixtures# which were subjected to 
the following tests (i) Potaitianetry (ii) I*R* Spectroscopy 
(iii) E.S.R. Spectroscopy (iv) X-ray diffraction study .

nie data were critically analysed in the light of our objective-

Hie elemental composition infer that the degree of mole
cular complexity in general follow the trend : SHA^ SYNHA^ 
PHA^SHYA^ PFA^ SFA . Another interesting point is that 
the percentage of nitrogen in case of synthetic humic acid is 
maximum* It has been also found that the ash content is maximum 
in case of peat fulvic acid and minimum in case of peat humic 
acid*

The potentioraetric titration curves of all the samples 
studied bear close resemblance to each other and each of them 
exhibits weak polyelectrolytic acid behaviour. As usually the 
carboxyl and the phenolic hydroxyl groups are found to be 
responsible for the acidity of the humic acids* A number of 
parameters like CEC, first and second inflexions, initial pH 
are presented* The CEC data appear to be most interesting which 
is in the following trend. SHYA^SfaN PHA> pfaV shaV synha .
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Viscosity measurements demonstrate the polyelectrolytic 
character of the humic acid components* The reduced viscosity 
of the samples are found to increase with increasing dilution* 
This increase in reduced viscosity has been es^lained as due 
to the decoiling of the polymer chain as a iresult of intra
molecular repulsion originating fran the dissociation of the 
ionising groups in the acid systems and their diffusing away 
from the polymer backbone* Added to this, are the electro-viscous 
effect of the counter ion atmosphere of the microions as well as 
the long chain electrostatic coupling*

ITie visible absorption spectroscopy of the humic acid 
fractions display monotonous diminution in absorbance with 
increasing wave length* Ilie values, as calculated from
the spectra, which refer to the ratio of the absorbances at 
465 nm and 665 nm respectively, are observed to tally with 
the published results* These values are greater for fulvlc 
acids than those for humic and hymatomelanic acids of the 
same origin indicates lesser condensation of the aromatic net 
of carbon atoms in the former case* Again, humic acid soil 5hows 
slightly lower Ê /Ê  ratio than the corresponding hymatomelanic 
acid* It is likely that the humic acids are a bit more condensed 
than the hymatomelanic acid •
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Infra-red spectra of the samples are more or less similar 
to those observed by other workers. However, these spectra 
provide no precise information about the structure of the humic 
matter* The various absorbance bands obtained have been assign
ed to different groups of bonds as tabulated below .

Frequencies (cm
3300 - 3400 
1720 - 1730

Groups or bonds assigned to
H-bonded OH groups 
C = 0 of COOH group aaid 
C = O stiretch of carbonyl 
group

1600 - 1630

1200 - 1400

1030 - 1150

800 - 900

H-bonded C*0 of carbonyl 
groupSj aromatic C » C# 
double bond conjugated with

ccLTf*bo-nvl iTtup^coO*’ group*

C - O stretch or OH deforma
tion of COOH g]?oup
Si-O-Si and Si-O-C valences 
and deformation vibration

The out of plane vibration 
of C - H in the aromatic 
ring •



For fulvic adds, bands near 1730 cm  ̂is more prominent 
than those at 1625 cm” *̂ It perhaps indicates more of COOH than 
o£ coo"’ groups present in these acids* The band at 1200 cm  ̂
are intense with synthetic pr^aration while, they are weak with 
natural acid systems. The band at 1080 cm  ̂is found very promi
nent for fulvic acids. That considerably more COOH groups are 
present in natural acid systems than in their synthetic counter 
parts is suggested by noticeably low intensity of the absorbance 
at 1720-1730 cm”  ̂in the latter case. Further, the band at 820 
cm  ̂is only observed with the synthetic acid* However, the 
spectra furnish no remarkably distinguishing features for 
identification of the different fractions of humlc matter.
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ESR signals of the samples are nearly similar in nature* 
All the curves have got only one main signal indicating a very 
complex nature of free radicals in all the systems* All the 
humic materials have got *g' values which corresponds to the 
existence of free radicals in them* SHA, PHA, SHYA and the 
SYNHA have got nearly similar 'g' values and line width indi
cating almost similar type of free radicals in them* But in 
case of fulvic acid the 'g* value and the line width are 
slightly higher than those of the previous material* However, 
only the free radicals existing in humic substances can be 
observed from ESR study*
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•Itie fluorescence excitation spectra of all the humic 
substances are more or less similar in shape, indicating 
the presence of nearly identical nature of groups of fluo- 
rophor in them. "Hie intensity difference in the fluorescence 
of different humic acid fractions may be due to the concen
tration variation or fluorescent groups present in them* The 
exact nature of fluorescing groups could not be Identified 
in the present investigation but the fluorescing property 
itself suggests the presence of either (a) aromatic nucleus 
substituted by at least one electrodonating group such as,
-NH2# “OH or (b) congugated \insaturated system capable of 
high degree of resonance in h\jmic acids* But still no definite 
structure of humic acid, can be assi^ed from the present 
investigation•

The polarogram of all the htanic materials are more or less 
same and indicates that all the compounds appear to possess iden
tical chenical structure* At low pH, well defined waves are 
obtained for each sample, however with Increasing pH, the wave 
appears virtually to disappears • Another interesting point is 
that the half-wave potentials obtained in case of synthetic
humic acid approaches that of the natural system* Although no 
definite inference can hardly be made from this investigation*
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In clay-humus interactions, the preliminary esqieriments 
show that the interactions, whatever their nature is, are 
nearly complete in about a week* For instance, the C*E»C. 
value and the form of titration curves do not show any 
appreciable variation after this period* The C*E*C* values 
are lower than what is to be e^^cted on the basis of additivity* 
The value in C.E.C. difference is maximtjm in each case with 
decreasing the amount of hximic components present in each clay- 
humic mixture* Hie pH at inflexion is higher the greater the 
proportion of humic acid, and varies from pH 7*2-9.0« Drawn to 
the same scale the titration curves of the mixtures of clay and 
humic acid lie between those of humic acid and clay. The gradual 
shift in the buffering can be observed from the titration curves- 
The buffer capacity increases with the increase in proportion of 
humic acid in clay-humus mixtures* In this Investigation, the 
deviation of the exchange capacity values of different humic- 
clay mixtures frcxn the additive rule would suggest that in all 
probability there may be a chemical linkage between the two 
components* The change in buffering and shift in the pH at 
inflexion are also supporting the abovesaid idea. The per cent 
lowering of C*E.C. is increased with increasing the percentage 
of clay in each case* Another important point is that the 
interaction between clay and hxanus depends not only on the humus 
clay ratio, but also on the nature of the clay minerals as well 
as the nature of the hianus substances* From the data it is also 
clear that the said Interaction is stronger with soil humus
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fractions than with the synthetic varieties* Perhaps it is 
not very wise to offer a simple and concrete e:q>lanation to 
rationalise the aforesaid trend because the phenomena depend 
on a number of variables-

So what exactly is the nature of this interaction it is 
not easy to find out from the above studies- In the colloidal 
state, in which they have been used, both humic material and 
clay minerals are negatively charged* The clays can hardly be 
considered as true molecular species, they are big crystalline 
aggregates* Humic substances may perhaps be considered as 
mixtures of high polymers of different molecular species* 
Consequently mutual coagulation is out of the question* So some 
different type of spectroscopic measurements have therefore been 
undertaken in order to find out if they offer any evidence of 
interaction and, if so, whether the products of interaction may 
be subjected to these measurements*

The infra-red bands in humic components more or less coincide 
with that of its clay complex with certain changes in nature and 
shape of the same* This change in shape and nature of band may 
indicate that some sort of complexation of humic components with 
clay minerals has taken place. On critical examination of the 
IR data, conclusion could be drawn that clay-humic interaction is 
probably guided by mainly the physical forces* However this is in 
contrast to the obseirvations noted by the earlier workers, and 
hence possibly the infrared method as adopted by the present
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worker Is inadequate to reveal any significant chemical change 
by clay-hximic interaction*

E.S.R. signals of humic materials and their clay complexes 
are nearly similar in appearance* All the curves have got only 
one main signal, and 'g* values which correspond to the existence 
of free radicals in these compounds- Clay interaction appeared to 
have very little effect on line widths and‘g’values of the diff
erent humic materials. After critical examination of the ESR data, 
it seems that the complex is probably going at least# to some 
extent through oxidation reduction systans* All the humic mate
rials can act as electron donors and acceptors via free radical 
intermediates and so participate in this oxidation-reduction 
reactions. However, it may be concluded that clay minerals which 
form complexes with humic materials affect the free radicals, 
but the actual nature of the Interaction of the clay minerals with 
the odd electrons present in hxamic materials can not be stated 
definitely from the present study •

The X-ray diffraction data of different humic material- 
kaolinite complex shoŵ  that there is no change of doo^ spacing 
of kaolinite clay minerals even after the interaction with 
different humic material, which may conclude that the humic 
materials are held mostly on the external surface of the 
kaolinite clay mineral. But in case of bentonite complex, the
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dooj value was slightly more than that of bentonite itself* It 
appears from the data that surface adsorption is the most pre
dominant one in both the cases* However, some interlayer adsorp
tion cannot be altogether ruled out* More work in this line is 
necessary*

Therefore in conclusion, the soils are well knojwn to be 
poor in fertility which mainly, ■fcRt'O'igh direct and in^rect 
influences, owes to their low hramus status* Thus, enbouragement 
of the stabilization of humus will solve almost all jthe parti- 
nent probl^s faced by the agronomists* This stabiliisation is 
possible by the complexation of humus with the clay.|Unfortu
nately, the governing factors of the conplexation me<±:hanism are 
still obscure* In order to understand the interactior| mechanism,

j
the complexes ought to be studied by the physiochemicjal means*

If these can be done in a foolproof manner, one can improve 
tbs humus status without any difficulty* With this idea the 
present investigation has been undertaken with two clay minerals 
and different humic materials* Subsequently the binding charac
teristics between the inorganic and organic components have been 
ascertained* Though in patches we have got some positive indica
tions till, right now, we are not in a position to offer any 
concrete suggestion to the agriculturists because in doing so, 
more information is necessary* Thus a future scope of the present 
study lies ahead *
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