Environmental Soil Chemistry
Prof. Somsubhra Chakraborty
Department of Agricultural and Food Engineering
Indian Institute of Science — Kharagpur

Lecture — 48
Retention of Pollutants on and within the Soil Solid Phase (Contd.,)
Welcome friends to this third lecture of module 10 or Week 10 of this NPTEL Online
Certification course of Environmental Soil Chemistry and in this module our topic is the

retention of pollutants on and within the soil solid phase.
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Hadserption of ianic pellutants
Dadsorption of non-ionic poliutants
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0O Kinetics of adsorption
HFactors affecting adsorption
% UNen-adsorptive retention

S UExamples

So in our previous two lectures, we have covered these aspects; these topics. First of all, we have
covered the; what is adsorption and then adsorbed; we have also covered the adsorption of ionic
pollutants. We have also covered adsorption of nonionic pollutants. Today, we are going to talk
about the adsorption of complex mixtures as well as the kinetics of adsorption then we will be

talking about factors affecting adsorption, if time permits.

So, the next couple of lectures basically will deal with the adsorption of complex mixture then
kinetics of adsorption and then factors affecting adsorption and then we will be talking about
non-adsorptive retention and then we will see some examples of organic and inorganic pollutant
adsorption on soil solids. So, just to give a quick recap of what we have covered very briefly.
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Introduction

+ The capacity of the soil solid phase to retain and release both toxic chemical
species and pathogenic microorganisms is an essential part of its function as a
filter and reservoir of pollutants.

+ An understanding of the nature of this phenomenon is a prerequisite for any
attempt to quantity and predict pollutant behavior in seil.

+ The retention of pollutants on and in the soil solid phase is the result of a -
. Physicochemical process
. Adsorption on the surface

1

2

3. Chemical reactions with the solid phase and

4. Mechanical trapping of the pollutants in the solid-phase pore

So we started with the introduction of the; in the introduction, we talked about what are the
major forces which are responsible for pollutant retention in the soils and then, we talked about
the physicochemical processes, adsorption on the surface, then chemical reaction on with the
solid phase and mechanical trapping of the pollutants in the solid soils, solid phase pores.

(Refer Slide Time: 02:17)

Surface adsorption of pollutants

+ Adsorption of pollutants is defined as the excess concentration of pollutants at
the soil-solid interface compared with that in the bulk solution or the gaseous
phase, regardless of the nature of the interface region or of the interaction
between the adsorbate and the solid surface which causes the excess.

Adsorbate

Adsorbent

We talked about the concepts about the; the concepts of surface adsorption of pollutants and how
this excess concentration of pollutants occurred in the soil-solid interface compared with that the
bulk solution on the gaseous phase, we know, regardless of the nature of the interface region of
the interaction between the adsorbate and the solid surface which basically causes the excess.

(Refer Slide Time: 02:47)



Surface adsorption

+ Adsorption removes a compound from the bulk phase and, greatly affects its
behavior in the soil environment.

+ Due to some hysteresis effects, the release of the compound from the solid
phase to the liquid or gaseous phase does not always affect the amount of
pollutants in the soil medium.

+ Surface adsorption is due to electrical charges and nen-ionized functional
groups on mineral and organic constituents.

Then we talked about the surface adsorption.

(Refer Slide Time: 02:51)

Adsorption of ionic pollutants

Diffuze electric double-laver madel according to Gouy

* Adsorption of charged ionic pollutants on the surface of the soil solid
phase is subject to a combination of chemical binding forces and the PHTLE
electric fiald at the interface that Is implicitly controllad by the adsorption T '
itself. i

* The soil solid phase has a net charge which, in contact with the liguid or By o
gaseous phase, s faced by one or more layers of counter or co-ions which =t
have a net charge equal to and separated from the surface charge + 4 . 4

* Electrical neutrality on the colloidal surface reguires that am equal + i
amount of charge of the opposite sign must accumulate in the liquid n t
phase near the charged surface, pogl @ e

* For a negatively charged surface, this means that positively charged BSTRAEE -
cations are thus electrostatically attracted to the charged surface

We covered the adsorption of ionic pollutants. In defining the ionic pollutants, adsorption of
ionic pollutants we discussed the diffuse double layer, which we have already covered
previously. Then, based on that we also discussed the negative adsorption and also adsorption of
pathogen in the soil; negative, you know adsorption of pathogens soil was discussed in terms of
reaction between the bacterial cell wall and, you know, and different charge negatively and

positively charged ion exchange resins.



And I had showed you two examples where these ion exchange resins are reacting with the
surface of the bacterial cell so that; you know the pathogen cell getting attached to the soil
surface.

(Refer Slide Time: 03:45)
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Negative adsorption

+ When a charged solid surface faces an ion of like
charge in an agueous suspension, the ion is L Caioms
repelled from the surface by Coulomb forces. \

+ This phenomenon is called negative adsorption.

+ The Coulomb repulsion produces a region in the
aqueous solution that is relatively depleted of
the anion and an equivalent region far from the

surface that is relatively enriched.

Cencemration

Then we discussed in details about the negative adsorption remember, when a charged solid
surface faces an ion of light charge in an aqueous suspension, the ion is repelled from the surface
by columbic force and this phenomenon is known as negative adsorption and then we have
discussed why the distribution of anions based on these negative adsorption. Remember, the
concentration of anion in a negative charge clay surface is very low nearer to the clay surface
however their concentration generally increases as the distance from the clay surface increases
further.

(Refer Slide Time: 04:24)



Then we discussed, you know this negative adsorption based on the; this equation given by
Sposito and where these Ti(w) basically shows the excess of, you know excess in the moles of
the ions per unit area of suspended solid. So we related that with the mass of total water and then
molality of, you know molality of the ions and also; S that is the specific surface area of the

suspended solids.

Negative adsorption

* Sposito  (1984) characterized this strictly macroscopic phenomenon
quantitatively through the definition of the relative surface excess of an ion, i,
in a suspension:

n, =Mwmi
o o Rt
where n, is total moles of ion i in the suspension per unit mass of solid, M, is the total
mass of watar in the suspension per unit mass of solid, m, is the molality of ion i in the
supernatant solution, and § is the specific surface area of the suspended solid.
Thus T."! is the excess moles of the ion (per unit area of suspended solid) relative to an
aqueous solution containing Mw kilograms of water and the ion at molality mi.

(Refer Slide Time: 04:59)

Then we also talked about the; what are the factors which affects the anion, you know negative
adsorption. For example, the anion charge, concentration, pH, the presence of other anions

etcetera, the nature and charge of the surface and so, we discuss in details about the negative

absorption.

Negative adsorption

+ This process, occurring when an anion is added to a dry colloid with no
adsorption capacity for the anion at the prevailing pH, is called negative
adsorption.

* It is related to the unequal ion distribution in the diffuse double layer charged
colloids.

+ Anion negative adsorption is affected by -
1. The anion charge

Concentration

pH

The prasance of other anions and

The nature and charge of the surface,

e )
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Adsorption of the nonionic pollutants

» The adsorption of nonionic pollutants on the soil solid phase
surfaces is subjected to a series of mechanisms such as -
1. Protonation
Water bridging
Cation bridging
Ligand exchange
Hydrogen bonding and
Van der Waals interactions.

L

And then we talked about the adsorption of the nonionic pollutants and different mechanisms
like Protonation, Water bridging, Cation bridging, Ligand exchange, Hydrogen bonding and Van
der Waals interactions.

(Refer Slide Time: 05:35)

Adsorption of the nonionic pollutants

* In this class of pollutants are hundreds of compounds belonging to
chemically different groups, such as -
* Chlorinated hydrocarbons
® Organophosphates
= Carbamates
= Ureas
= Anilines and
® Anilides, amides etc.

* The great differences between the properties of these groups and among
compounds within a group are reflected in the variability of the adsorg
mechanism and soil organic colloids plays a dominant role in this p

We talked about you know, some examples of the nonionic pollutants.

(Refer Slide Time: 05:42)



Adsorption of the nonionic pollutants

* Hassett and Banwart (1989) consider that the sorption of nenpolar organics by seils
is due to enthalpy-related and entropy-related adsorption forces.

* They consider that sorption occurs when the free energy of the sorption reaction is
negative:

AG=AH-TAS with AG < 0.

* The free energy of a sorption reaction can be negative because of either enthalpy
term, the entropy term, or contributions from both,

+ The enthalpy term is primarily a function of the difference in the bonding between
the adsorbing surface and the sorbate (solute] and that between the solvent
{water) and the solute,

* The entropy term is related to the increase or decrease in the ordering of th
system upon sorption.

And then we discussed their attachment or discussed their adsorption based on the
thermodynamic principle where both enthalpy and entropy based, you know, processes are of
you know; are equally active.

(Refer Slide Time: 06:08)

Enthalpy-related adsorption forces

* Protonation mechanisms:

+ The mechanisms include a Coulomb-electrostatic force
resulting from charged surfaces.

The development of surface acidity by the solid surface
of the soils offers the possibility that solutes having
proton-selective organic functional groups can be
adsorbed through a protonation reaction.

[1 bonds:

11 bonds are covalent chemical bonds where two lobes of
an orbital on one atom overlap two lobes of an orbital on
anather atom and this overlap occurs laterally.

This mechanism can be used to explain the bonding of
alkenes, alkylenes, and aromatlc compounds to soil
organic matter.

Then, we discussed, you know the enthalpy-related different adsorption process you know, while
discussing the enthalpy-related adsorption processes, we talked about the hydrogen bonding and
we also talked about the ligand exchange processes and protonation mechanisms.

(Refer Slide Time: 06:20)
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Enthalpy-related adsorption forces

* London-van der Waals forces:

* Relatively weak electric forees that attract neutral Al B
molecules to one another in gases, in liquefied and s
solidified gases, and in almost all organic liquids and @

solids. instantaneous
. ; . . dipole on & induces
* This forces are generally multipole (dipole-dipole or adipole on B

dipole-induced dipole) interactions produced by J
correlation between fluctuating induced multipole B
(principal dipole) moments in two nearly uncharged g
polar molecules,

In the protonation mechanisms we talked about the Pi bond. We also talked about the Pi bond.
Remember the Pi bonds are covalent chemical bonds with two lobes of an orbital on one atom
overlaps with two lobes of an orbital on another atom and these overlaps occurs laterally. So this
Pi bond we have discussed and then we discussed the London Van der Waals forces and why
these Van der Waals; and how these Van der Waals forces generally occur due to the dipole-
dipole or dipole-induced dipole, how it occurs and what is the range of these, you know,
remember these Van der Waals attraction is, you know, active with a very narrow range.

(Refer Slide Time: 07:07)
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Enthalpy-related adsorption forces

= London-van der Waals forces:

+ Despite the fact that the time-average induced s B
multipole in each molecule is zero, the correlation :
between the two induced moments does not average ‘Eb : @ !
IEro. isLantaneous

o - " - dipole an & Induces

+ As a result, an attractive interaction between the two is adipole B

produced at very small molecular distances. I

So, we have discussed all the properties of the Van der Waals force.

(Refer Slide Time: 07:12)



Enthalpy-related adsorption forces
* Chemisorption:

* Chemisorption (or chemical adsorption) Is adsorption (#425o/Ption R, Ty
in which the forces involved are valence forces of the  pnysisorption @@ g7'® >
same kind as those operating in the formation of I ] ~

chemical compounds. Bindling site

Chamisoraticn

* The phenomenon is characterized by chemical 4
specificity ‘}" Y >

- -
* The elementary step in chemisorption often involves
an activation energy

Fennedy <t ol [2018]

* Chemisorption may not be reversible

And then we talked about the chemisorption and using this picture we have expressed; we have
discussed why chemisorptions is very, very specific in nature. And then we saw the difference

between the physisorption and chemisorptions as you know, with respect to the specificity.
(Refer Slide Time: 07:34)
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Entropy-related adsorption force

* Also known as hydrophobic sorption, . sas
it is the partitioning of nonpolar -
organics out of the polar aqueous e )
phase onto hydrophobic surfaces in g Y e &
the soil where they are retained S
through dispersion forces. -{L_l}_.__./Aj? T P ¢

-,

* Figure shows a diagrammatic model [ -t""*' ""*'Wj'
of the forces contributing to the /% ORGANG MATTERY L m!‘g"‘w
sorption of hydrophobic organics.

* The major feature of hydraphaobic ::';:::‘sgtuvfrr:::m aniisy
sorption, is the weak interaction  HIGHLY STRUCTURED WATER
between the solute and the solvent. <3 FORCES FAVORING SOLVATION

= FORCES OPPOSING SOLVATION
|
{ Yaron et al. (1995)

Then we talked about the entropy-related adsorptive forces specifically hydrophobic adsorption
and while talking about the hydrophobic adsorption we talked about the nonpolar moiety, how
this nonpolar moiety adsorbed to the soil organic matter and what are the different forces which
are acting for these attachment of nonpolar moiety in the soil organic matter or soil mineral

surfaces and you know, what are the interactions between these solute and the solvent we have

discussed in details.
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Adsorption of complex mixture

* A system characterized by the presence of multiple solutes and multiple solvents
has been termed a complex mixture,

* Since soil pollution under a waste disposal site generally occurs as complex
mixtures.

¢ In general, the adsorption mainly involves organic pollutants, and the sorption
might occur from complex solvents containing partially miscible or complete
miscible organic solvents.

So, today we are going to start with the adsorption of complex mixture. Remember a system
characterized by the presence of multiple solution and multiple solvents. So these are the two
prerequisite for a complex mixture remember there has to be either multiple solutes and multiple
solvents so then we call it complete complex mixture. Now, remember that since soil pollution

under a waste disposal site generally occurs as a complex mixture.

Because there is a; you know, these areas are generally containing both inorganic and organic
pollutants. So, obviously the adsorption occurs in the complex mixture. So, in general the
adsorption mainly involves organic pollutants and the sorption might occur from the complex
solvents containing partially miscible or completely, you know miscible organic solvents. So
these type of adsorption generally occur. Now, you might ask me okay how to represent these
adsorption, you know of a complex mixture.

(Refer Slide Time: 09:22)
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Adsorption of complex mixtare

* Rao et al. (1985) proposed a theoretical approach, based on the predominance of
solvephobic interactions, for predicting sorption of hydrophobic organic chemicals
from mixed solvents.

* They showed that In K™ = In K" - } a5,/

+ where, o, = [(Ay,HSA/(KT)]

» K is the sorption coefficient {moles solvent kg sorbent) with the superscripts w and m indicating
values for sorption from water and mixed solvents, respectively.

* ¢1, iz 8 dimensionless term unigue to each solvent-sorbate combination.
* Ay is the differential interfacial free energy (J nm™] at the solvent sorbate interface.
+ HSA is the sorbate hydro-carbonaceous surface area (nm?).

* K is the Boltzmann constant (J/K) and T is the thermadynamic temperature |

fraction of the i-th cosolvent and o is an empirical constant

To represent mathematically this adsorption from a complex mixture adsorption of complex
mixture, we generally follow an equation given by Rao et al in 1985. They proposed a theoretical
approach based on the predominance of solvophobic or hydrophobic attractions or interactions
for predicting sorption of hydrophobic organic chemicals from mixed solvent. Suppose they are
in mixed solvents and we want to adsorb some hydrophobic organic chemicals within the soil

surface then we have to; then this reaction generally follows these.

You know theoretic equations where these In of Km that is logarithm of Km is basically Kw
minus alpha i, Sigma i, and F i where the Sigma i basically denotes the delta, gamma i HSA by
KT. Now here let us define all these terms here, this K is basically the sorption coefficient and
the unit of this sorption coefficient is moles of solvent per kg of solvent and with the, you know

here we have used to superscript one is m and other is w.

So m basically stands for the sorption from the; sorption from the mixed solvents whereas w
basically stands for sorption from the water. So obviously, as we have seen previously in case of
mixed solvents where there are many co-solvent with water then, the solubility depends on the
solubility of the water plus or minus with another term. So similarly, we are finding here in case
of complex mixture, here the solubility term is related to the solubility of the water and with this

term.



So, in this term this Sigma 1 is basically is a dimensionless term unique to each solvent-sorbate
combination so it is a very specific and this delta gamma 1 is a differential interface; interfacial
free energy which is, at the solvent sorbate interface. HAS, this term, this HSA basically is the
sorbate hydro-carbonaceous surface area and also K is the Boltzmann constant in Joule Per
Kelvin and T is the thermodynamic temperature in Kelvin. And f I, here this f i is basically the

volume fraction of the i-th cosolvent and alpha 1 is the empirical constant.

So this is how we define these each of the term and remember for sorption of an organic
molecules or organic chemical from a complex mixture to the soil surface generally follows this
mathematical equation.

(Refer Slide Time: 12:15)

Adsorption isotherms

+ The adsorption is the process leading to a net accumulation of a
compound at the interface of two contiguous phases.

* The adsorbent is the soil solid phase and the sorbate can be in a
gaseous or a liquid phase (as a solute).

* When the measured adsorption data are plotted against the
concentration value of the adsorbate at equilibrium, a graph is
obtained called the adsorption isotherm.

* §,LH,C- discussed before

» Mathematical description of isotherms/models- Freundlich,
Langmuir

So, so the adsorption is the process leading to a net accumulation of a compound at the interface
of two contiguous phases and we know that the adsorbent, you know basically when we talk
about the soil adsorption here, the adsorbent is the soil solid phase and the sorbate can be in a
gaseous or a liquid phase as a solid. Now when the; when the measured adsorption data are
plotted against the concentration value of the adsorbent at equilibrium a graph is obtained, which

we call adsorption isotherm.

Now guys, we have already discussed these four adsorption isotherms in our previous lectures.

So S type, L type, H type and C type we have already discussed. And also we have discussed the



mathematical description of the isotherms or models of the isotherms for example, Freundlich
isotherms and then Langmuir isotherms.

(Refer Slide Time: 13:16)

S-type isotherm

QOslope Initially increases with adsorptive
concentration, but eventually decreases and
becomes zero as vacant adsorbent sites are filled

-
=

s
=

UAt low concentrations the surface has a low
affinity for the adsorptive, which increases at
higher concentrations

e, mmol kg™
s
=3

=

So I am not going to discuss them in details, just for a quick recap just remember that, that S type
isotherm where, you know this is an S type of isotherm where slope initially increases with the
adsorptive concentration but eventually, you know, eventually decreases and becomes zero as
vacant adsorbent sites are filled. At low concentration generally, the surface has a low affinity

for the adsorptive which increases at the higher concentration as you can see.

At higher concentration, the surface, you know, adsorption generally increases. However, at the
lower concentration the surface has a low affinity for the adsorptive. So, we can see this; this is
an S type isotherm, we have already discussed this. I am just giving a quick recap.

(Refer Slide Time: 14:01)
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L-shaped (Langmuir) isotherm

U Decreasing slope as concentration increases
since vacant adsorption sites decrease as the
adsorbent becomes covered

O Explained by the high affinity of the
adsorbent for the adsorptive at low
concentrations, which then decreases as
concentration increases

i, |

Now L shaped or Langmuir isotherm we have discussed, it is basically decreasing the slope as
concentration increases since vacant adsorption sites decreases as the adsorbent become covered.
As we can see that it is basically decreasing as the concentration is increasing. Now explained by
the high affinity of the adsorbent for the adsorptive at low concentrations which then decreases
the concentration increases. So basically, that follows the Langmuir isotherm.

(Refer Slide Time: 14:30)
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H-type (high-affinity) isotherm

080,
I Hcurve
U strong  adsorbate-adsorptive |

interactions such as Inner-
sphere complexes

Then third one is the H type or high-affinity isotherm. High-affinity isotherm or H-type isotherm
basically shows the strong adsorbate as you know, adsorptive interactions such as inner-sphere
complexes. We have already discussed what is inner-sphere complex and outer-sphere complex.

And you can see here there is a, you know, it is very, very steep. The relationship is very, very



steep so it shows basically the high affinity isotherm. So here there is a strong interaction or
strong affinity of the adsorptive for the adsorbate molecule.
(Refer Slide Time: 15:03)
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C-type isotherm

QPartitiening mechanism

UAdsorptive ions are partitioned between
the interfacial phase and the bulk
solution phase without any specific
bonding between the adsorbent and
adsorhate

Now the last one was the C type isotherm. It is basically shows the partitioning mechanism, here
adsorptive ions are partitioned between the interfacial phase and the bulk solution phase without
any specific bonding between the adsorbent and adsorbate and you can see here, this is the shape
of this C type isotherm; adsorption isotherm.

(Refer Slide Time: 15:25)
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Kinetics of adsorption

+ In the case of soil cation exchange, charge-
compensation cations are held in the soil solid
phase as follows:

. Within crystals in interlayer positions (mica and
smectites) . T

. In structural holes (feldspars)
. On surfaces in cleavages and faults of the crystals

and on external surfaces of clays, clay minerals,

and organic matter clay.gedy

+ Cations held on external surfaces are immediately accessible to Muscovite - KALAISLD,, (0}

the soil solution.

+ Once remaved to this phase, they move to a region of smaller
concantration, )

+ This movement Is controlled by diffuslon and the diffusion
coefficient (D] through soil. T

Clay Parkiale

Now, if we talk about the kinetics; if we talk about the kinetics of the adsorption in the case of

soil cation exchange, charge-compensation cations are held in soil solid phases, so basically in 3



fashion, one is within; one is within crystals in interlayer positions, for example, mica and
smectites we have already seen that. This is a structure of the Muscovite, which is a potassium
containing mica. And you can see that in the interlayer space are occupied by these potassium

ions.

So that shows that the adsorption of these soil cations are occurring in the interlayer positions.
Similarly, in case of smectite if you remember the smectite structure, it has got a huge interlayer
space, and in this huge interlayer space there are several different types of you know, species can
adsorbed. So cations also can adsorbed in that huge interlayer space of smectite. Now, second

one is structural holes of feldspars.

Now, you know that feldspars are the most abundant primary minerals and their structure which I
will show you in the next slide contains some holes and you know, in these holes these you
know, these cations can reside and third one is basically on the surface and in the cleavages and
faults of the crystal on external surface of the clays and clay minerals and organic matter. Now as
you can see from this picture, this is a clay particle and obviously these cations are present in the

external surfaces of the clay particle.

Now cations held on external surfaces are remember, they are immediately accessible for; to the
soil solution as compared to those cations which are adsorbed to the internal surfaces cations,
which are adsorbed to the external surfaces are more you know, accessible to the soil solution
and once removed from this phase. So, if we remove from these external surface area where they

are adsorbed, they move to a region of smaller concentration.

Obviously, there is a; you know, they tend to diffuse away from the surface of the clay particle to
maintain in equilibrium. And finally, the movement is controlled by the diffusion and the
diffusion coefficient through the soil, which we will discuss in our coming slides. So, what do
you have we have learned from this slide? We have learned from this slide that the cation
exchange processes; in case of cation exchange process charge compensation cations are held in

the soil solid phases in 3 fashion one is within the interlayer space.



For example, in case of mica, in case of smectite and second in the structural holes, for example,
incase of feldspars and thirdly, on the surface in the cleavages of the crystals and on the external
surface area of the clay and clay minerals from where, and also organic matter from where these
cations basically goes to the soil solution through the process of desorption and these movement
from the external surface is controlled by different types of diffusion and diffusion coefficients.
(Refer Slide Time: 19:19)
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Kinetics of adsorption

So this is basically the feldspar structure and you can see there are some holes where these
cations can reside. So this is also a site for you know, cation; cation, you know; it is a site for
cationic species.

(Refer Slide Time: 19:41)
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Kinetics of adsorption

+ The diffusion coefficient (D) can be calculated using the equation of Nye and

Tinker (1977)-
2 di
D = D,of it
+ where De is the diffusion coefficient in water, 8 is the water content of the soil,
f is the "impedance”" factor related to soil tortuesity, and C the cation

concentration in the soil and in the solution (mass/volume).

+ The last term represents the buffer capacity of the system and it is a specific
constant for the soil.

+ Two cation exchange properties are involved:
1. The number of exchange sites occupled by the cation investigated and
2. The selectivity of the cation relative to the concentration of the exchanging catig




Now, if we see the kinetics of adsorption, obviously, we have; we need to know what is the
diffusion coefficient, what is the mathematical expression of the diffusion coefficient, we had
just seen that the diffusion; diffusion coefficient plays important role for the desorption and
movement of the cations from the external surface of the clay particles and clay minerals to the

bulk solution.

Now this diffusion coefficient can be; which is denoted by these D can be calculated using the
equation of these Nye and Tinker these two scientists, so you can see that is D =De then theta f
dC solution by dC sol. Now, we can see that this De is basically the diffusion coefficient, you
know, in water, okay and theta is the water content of the soil, F is the impedance factor related

to the soil tortuosity, okay.

Tortuosity means the solid pores, the soil solid; know soil pores are interrelated to each other
making a tortuous path or zigzag path or inconsistent path so that is called soil tortuosity and C is
the cation concentration of the soil in the solution that is mass/volume ratio. Now, here in the last
term that is dC solution to dC sol. So, basically shows the buffering capacity of the system and it

is specific constant for the soil.

Obviously, when the concentration of, you know when the concentration of a particular ion in
the solution get depleted then the adsorbed ions from the soil clay surface or other secondary
mineral surface basically goes to the solution to maintain the equilibrium and that is a
representation of the buffering capacity. Now, two cation exchange properties are generally

involved.

First of all, the number of exchange sites occupied by the cation investigated and secondly the
selectivity of the cation relative to the concentration of the exchanging cation, okay. So these two
are important properties, which are involved in the cation exchange; in the cation exchange
process.

(Refer Slide Time: 22:14)
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Kinetics of adsorption

* The Weber diagram shows the rate-
determining steps in a heterogeneous
soil system.

EISES

+ For actual chemical reaction exchange
to occur, ions must be transported to
the active fixed sites of the particles.

* The film of water adhering to and
surrounding the particle, and the
hydrated interlayer spaces in the
particle, are both zones of low
concentration which are constantly
being depleted by ion adsorption to
the sites.

4, Adwrption
{fant

TRANSPORT AND REACTION PROCE

Weber (1984)

So, if we see; discuss the kinetics of adsorption. Now, this Weber diagram given by the scientist
Weber in 1984, gives us the rate-determining steps in a heterogeneous soil system. By nature,
soil is heterogeneous in nature. So you can see here this is the picture which basically shows
these are the clay particles so these are the clay particles and you know, surrounding this clay

particle there is a thin film of water and then you can see the bulk solutions, okay.

So, when the ions basically move from bulk solution to through the film to this particle site and
the actual chemical reaction exchange to occur for actual chemical reaction to occur the ion must
be transported to the active fixed side of the particles. So these are the active fixed; you know
active fixed sites of the particles. So, for the actual chemical reactions basically exchange to
occur, the ion must be moving from this bulk phase through the film to the active particle

surface.

Now, remember that the film of water adhering to the surrounding the particles and the hydrated
interlayer space in the particle are both zones of low concentration which are constantly being
depleted by ion adsorption to the sites. So here if these are the active sites for ion adsorption
obviously, these ions are coming from these inter-particle you know, hydrated; you know
interlayer space of the particles or from this thin, you know from this thin film of water adhering

to the particle.



So the; both these areas are having the low concentration because the concentration of the cation
are basically excess in the surface. So basically when the cations from this liquid phase goes to
this specific sites obviously, these two phases are showing low concentration of the cations. So,
what that means?
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Kinetics of adsorption

* The decrease in concentration of ions
in these interfacial zones is then
compensated by ion diffusion from the
bulk solution.
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* Thus, in most soil and soil-constituent
systems, either PD and/or FD may be
rate-limiting.
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So basically that says, the decrease in the concentration of ions in these interfacial zone is then
compensated by ion diffusion from the bulk solution. So when due to the adsorption of cation in
this specific adsorption sites of the clay particle occurs and as a result of that, the inter particle
you know, inter particle liquid layer and also the film adhering to the particles are losing the

cation so they became somewhat less in concentration for that cation.

So this decrease in concentration of the ions in this interfacial zones is then compensated by the
diffusion from the bulk solution. So here this is the bulk solution. Now thus if; this ion basically
will diffuse away to maintain the concentration of the film as well as the inter-particle or you
know inter-particle liquid phase, so thus in most soil and soil-constituent system, either this
particle diffusion, so this is basically particle diffusion process or film diffusion, so diffusion

through the film maybe the rate limiting factor.



So we are; we are seeing that the; you know the diffusion through these, you know diffusion
through this between the particle as well diffusion through the film are basically the rate limiting
steps in the kinetics of cation or ion exchange.

(Refer Slide Time: 26:28)
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Kinetics of adsorption

* The characteristic period of ion exchange in soils ranges from a
few seconds to days.

* This is due to -

® The properties of inorganic and organic constituents of the soil
solid phase and

* The properties of the pollutants ion charge and radius.

* The slowly exchangeable cations are situated on exchange sites in
interlayer spaces of the soil minerals (e.g., mica), or in cages and
channels of soil organic matter and exchange out into solution by
diffusive flux.

Now the characteristics, if you see the characteristic period of ion exchange in soil, it generally
varies from, you know the time varies from few seconds to days. And basically this is due to two
things one is the properties of inorganic and organic constituents of the soil solid phase and the
properties of the pollutants; pollutants ions change and; basically properties of the pollutants ion

charge and radius.

So the slowly exchangeable cations are situated on exchange sites in interlayer space of the soil
mineral that is mica or in cages and channels of soil organic matter and an exchange out into
solution by diffusive flux. So, basically that says again, the slowly exchangeable cations are
situated on the exchange site in the interlayer space; we have already discussed that as compared
to the external surface areca those cations those are adsorbed into the external; internal surface or
interlayer spaces just like in case of illite, in case of mica, in case of smectite these are you know,

slowly exchangeable in nature.

So the slowly exchangeable cations are situated on the exchange site in the interlayer space of

the soil minerals like mica or in cages in or channels of the soil organic matter and exchange out



into solution by diffusive flux. So we have already discussed that. Two properties again you have
to remember one is the properties of inorganic and organic constituents of the soil solid phase

and the properties of the pollutants, you know ion charge and also their radius.

So guys, I hope that you have learned something new. We have discussed some important, you
know kinetics of adsorption and also how these you know, ion exchange occurs in the; in the
particles heterogeneous soil particles, and we also have mathematically defined the diffusion
coefficients in this lecture. So I hope that you have gathered some new knowledge. And let us
wrap up our lecture here and in the next lecture, we will be talking about the; you know other
aspects or; of kinetics of adsorption and also we will see some examples of pollutant adsorption

onto the soil solid phases. Thank you very much. Let us meet in our next lecture.



