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Lecture — 31
Redox Chemistry of Soils

Welcome friends to this NPTEL online certification course of environmental soil chemistry
and today we are going to start week 7 of lectures or module 7 of lectures and in this week 7,
we are going to talk about the redox chemistry of soils which is very very important as far as
the environmental soil chemistry is concerned. Now, we will be discussing different aspects
of redox chemistry which is basically pertinent to the different soil processes.
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Concepts Covered:

J Oxidation-Reduction Reactions and Potentials
J Ehvs. pH and pe vs. pH Relations

d Measurement and Use of Redox Potentials

3 Submerged Saoils
d Redox Reactions Involving Inorganic and organic pollutants

So these concepts will be broadly covered. One is oxidation-reduction reactions and
potentials and then we will be talking about Eh versus pH and pe versus pH relations, and
then we will be talking about measurement and use of redox potentials and then we will be
talking about submerged soils which is very important and then we will be talking about

redox reactions involving inorganic and organic pollutants.

Now remember these redox reactions are, redox reactions are basically the short form of
reduction-oxidation reactions. So these redox reactions are very much important for
governing several process in the soil depending on aerobic and anaerobic systems, depending
on the presence of water and also it can govern the movement and dynamics of several

nutrients from the point of view of plant nutrition and also it can control the fate of different



nutrients as well as other materials which are present in the soil.

So that is why it is very much important to discuss the redox chemistry of soil. Submerged
soil is a very important aspect where we can apply this redox reaction more in a, more
efficient way because in the submerged soil which is submerged under water, these redox
reactions can govern the conversion of different forms of nutrients depending on the oxygen
presence or absence of oxygen rather.
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Oxidation-reduction reactions and potentials

USoil chemical reactions : Combination of proton and electron transfer

Oxidation Reduction

> If thereis a loss of electronsin > Ifthere is a gain of electrons

the transfer process "> Reduced component or

> Oxidized component or oxidant . 4+ ic the electron donor

is the electron acceptor —~
___—_.-—

bl

Othe oxidant must be in close contact with the reductant in soil

So let us start with the first definition of ah you know oxidation and reduction. So what is
oxidation and what is reduction? Now soil chemical reaction basically it shows the
combination of proton and electron transfers and oxygen oxidation, we call it oxidation when
there is a loss of electrons in the transfer processes. In contrast, in case of reduction there is a

gain of electron, it is a common knowledge of chemistry.

Now oxidized component of our oxidant is the electron acceptor in case of oxidation and in
case of reduction the reduced component or reductant is the electron donor. So in case of
oxidation, there is a loss of electrons, in case of reduction there is a gain of electrons. In case
of oxidation, the oxidized component or the oxidant is the electron acceptor whereas in case

of reduction the reduced component or reductant is the electron donor.

So, the oxidant must be in close contact with the reductant in soil solution to govern these
redox reactions. So obviously, we will see specifically when we will talk about different

reactions and different conversion of different elements, specifically in submerged soil we



will see that different oxidized form are in close contact with different reduced form so that
there is dynamic changes of their, dynamic change of the, of the species occurs.
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So, this basically shows the gist of what is oxidation and reduction. So here you can see this

is a reducing agent which is A and B is an oxidizing agent. So B basically oxidize the
reducing agent and reducing agent basically reduce the oxidizing agent. So you can see here
this reducing agent which has excess of electron, they can give this excess of electron to this

oxidizing agent and by removing those excess of electrons it can be oxidized.

And in other way these oxidizing agents which are having less amount of electron they will
gather or they will accept these electrons to be reduced to you know and then convert it into
the reduced form, so that is B. So, reduction is basically denoted by this blue line which is
component B where it is gaining electrons, however oxidation is denoted by these red lines

where it is basically loses the electrons.

So, this is why we said that there has to be a close contact between the oxidized agent as well
as the reduced agent for governing this redox reaction, specifically also in soils.
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Redox potential (Eh)

ORedox potential expresses the tendency of an environment to receive or
supply electrons

- An oxic environment has high redox potential because 0, is
available as an electron acceptor

QFor example, Fe oxidizes to rust in the presence of 0, because
the iron shares its electrons with the 0, :

F
4Fe + 30, - 2Fe,0,~
U In contrast, an anoxic environment has low redox potentia

because of the abs
U The more positive th€ potentia), the greater the species' affinity for electrons and ten
— -

aduced. . B A e -
T =

So what is redox potential? Now redox potential basically expresses the tendency of an
environment to receive or supply electrons. Whether an environment where different types of
reactions chemical reactions are going on will accept or supply electrons can be indicated by
using the redox potential and redox potential basically is denoted by the, by Eh. So, Eh is

basically called the redox potential.

Remember in an oxic environment the high redox potential, oxic environment has a high
redox potential because oxygen is available as an electron acceptor obviously. In case of
oxidized oxic environment, oxygen can you know accept the electrons. For example iron
oxidizes to rust in the presence of oxygen because the iron shares its electrons with the
oxygen. So you can see here, when 4 iron 4 atoms of iron reacts with 6 atoms of oxygen, so

4Fe + 302 basically gives rise to rust or Fe203, ferric oxide.

So in contrast an anoxic environment has a low redox potential because of the absence of
oxygen oxygen. So redox potential basically gives you an indication whether this, a particular
environment is oxic environment or anoxic environment. In case of oxic environment it has
high redox potential, in case of anoxic environment it has low oxic, low redox potential

because of the absence of oxygen.

So, the more positive the potential, the greater is the species’ affinity for electrons and
tendency to be reduced. So in other words, the more positive the potential that means more
higher the redox potential, greater is the species’ affinity for electrons and tendency to be

reduced. So high redox potential means this environment is more you know has a more



tendency to get reduced by accepting the electrons okay.
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Selected reduction half-reactions pertinent to soil,
natural water, plant, and microbial systems

pe

ccies
£ 4 H' = 112N; 4 112H,0 20.8
H* = 1/2N,0 + 1/2H,0 26.8 1
3/2H" = 1/4N,0 s 3/4H,0 236 15.1
+ 6/5H" = 1/10N; 4 3/5H,0 211 14.3
s # ¢ #2H" = NO + H,O 19.8 9.8 5.8
iNOj + ¢ 4 5/4H" = 1/8N,O 4 5/8H,0 189 121

s 1

% +
1/6NH,
1

H* 1205 4 112H0 350 28.4 264

2H* = H,0, 326 226
e+ H = HO 30.0 23.0 21.0
405 + ¢ + H* = 172H,0 20.8 15.6 136
+¢ + H' = 1/2H,0, 1.6 B2 6.2
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FMAOOH 4+ ¢ »
0.62MnO, 4 + ¢ + 2.2
1/2Fey (OH); + ¢

Now, this table basically shows the selected reduction half-reaction pertinent to soil, natural
water, plant and different microbial system. Now what is half-reaction? In case of redox
reaction, the half-reaction basically says the either the reduction reaction or the oxidation

reaction. So any one of these reaction if you denote, then you will use this term half-reaction.

So here basically we are using the reduction half-reaction to see what are the major reduction
half-reaction which are pertinent to soil, natural water, plant, and microbial system. We will
be discussing some of them in details while we discuss the submerged soil. Just for some
examples you can see here the nitrogen dioxide when it accepts electrons, it produce the

nitrogen gas. When the nitric oxide accepts electron, it produce the nitrous oxides.

So first nitrous oxide converted to nitrogen, then nitric oxide convert to nitrous oxides, then
nitrogen dioxides converted to nitrous then the the nitrogen dioxides can be converted to
nitrous oxide. So, you can see how different species of nitrogen are changing their form by
accepting the electron or by getting reduced. So here one example is given for nitrous oxide
to conversion to nitrogen, one is from nitric oxide to nitrous oxide, then nitrogen dioxide to

nitrous oxide, nitrate to elemental nitrogen.

Then nitrogen dioxide to nitric oxide, then nitrate to nitrous oxide, nitrate to ammonium,
nitrate to you know nitrogen dioxide, nitrate to NH2OH and then nitrate to NH4 ions. So you

can see that by accepting electrons, the species of nitrogen or oxidized species of nitrogen can



be converted into reduced form of nitrogen. In case of oxygen, you can see here this ozone

when its accept electron converted to oxygen.

Then hydroxyl convert to, this OH group basically converts to hydroxyl ion, the O2 minus
converts to H202 or hydrogen peroxide, H202 can be converted to H20 or water, then
oxygen can be converted to water, reduced to water, oxygen can be also reduced to H202 and
oxygen molecule can be reduced to you know O2 minus. So this is how you can see the

oxygen species movement also in the, in the, you know by accepting the electrons.

Also corresponding pe values, we will be discussing pe values, and also equilibrium
constants are given side by side. In case of sulfur, sulfur also undergoes you know different
electron different oxidation reaction. You can see sulfate will be reduced to H2S or hydrogen
sulfide and it can also reduce to sulfur dioxides. So you can see here the conversion of the
sulfur species. Iron and manganese compound you can see Mn304 can be converted to

Mn2+.

The Mn203 can be converted to Mn2+ and also different iron compounds also, oxidized iron
forms also can be converted to reduce compound by accepting the electrons. So, these are
some examples of selected reduction half-reactions, which are pertinent to soil, water, plant
and microbial systems.
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Selected reduction half-reactions pertinent to soil,
natural water, plant, and microbial systems

1/2Fe;0, + ¢ + 4H" = 3/2Fe + 2H,0 178 39 4,
MnO, + ¢ + 4H' = Mn™ 4+ 2H,0 16.5 0.54 =]
Fe(OH); + ¢ + 3H" = Fe™* + 3H,0 15.8 48 ~1.2
Fe(OH)* + ¢ + H' = Fe® + H;,0 15.2 10.2 8.2
1/2Fe,0; + ¢ + 3H" = Fe + 3/2H,0 134 24 -36
FeOOH + ¢ + 3H" = Fe® 4 2H,0 13.0 20 4.0
Fe + ¢ = Fe" phenanthroline 18.0 T —
Feb 4 ¢ = Fe 13.0 13.0

Fe** + ¢ = Fe™* acetate - 5.8

Fe* + ¢ = Fe’* malonate 4.4 (pH 4)

Fe¥* + e = Fe!* salicylate i.4 (pH 4)

Fe* 46 = Fe hemoglobin

Fe' + & = Fe!' oyt by (plants)

Fe¥ + ¢ = Fe** oxalate

Fcf' s =Fe pyrophosphate

Fe' + ¢ = Fe® peroxidase

Fe¥ + ¢ = Fe® ferredoxin (spinach)

1/3KFe;(SO),(OH)¢ + ¢ + 2H" = Fe?* 4 21 1,0+ :!_V\O%
+ 113K

[Fe(CN).J> + ¢ = [Fe(CN) J*

oo
1
)

And also, you know different you know Fe3 to Fe2 phenanthroline, Fe3 to you know Fe2+,

Fe3 to acetate, Fe3 to Fe2 malonate. So you can see different different species of iron can be



formed by reducing the oxidized form of iron that is Fe3+.
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Selected reduction half-reactions pertinent to soil,

So similar for carbon also from pollutants or other nutrient group also, analytical couples also
you can see the conversion of their oxidized form to reduced forms.
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Redox reaction

URedox reactions of soil oxidants can be defined conventionally
by the general half-reduction reaction

Ox'/+ mH* + n{{ —) Red,# 1)

Where Ox is the oxidized component or the electron acceptor,

Red is the reduced component of efectron donor, m is the number
of "hydrogen ions participating T The reaction, and n is the
number of electrons-mvoivett i the reaction T

QThe electrons in Eq. (1) must be supplied by an accompanying
oxidation half-reaction

To describe a redox reaction, an oxidation reaction must balance
_the reduction reaction

Now redox reaction of soil oxidants can be defined conventionally by the general half-cell
you know half reduction reaction which is basically denoted by oxidized form + mH plus +
ne minus = reduced form. So you can see here in this Ox is the oxidized component or the
electron acceptor, Red is the reduced component or electron donor, m is the number of
hydrogen ion pertaining participating in the reaction and n is the number of electron involved

in the reaction okay.



So the reduction half-reaction for any redox reaction can be expressed in terms of this
equation 1. So the electrons in equation 1 must be supplied by an accompanying oxidation
half-reaction. Remember we have talked about that oxidized species and the reduced species
should coexist, so the electrons which are basically accepted by the oxidized species to get

reduced should be donated by accompanying oxidation half-reaction.

Now to describe the redox reaction, an oxidation reaction must balance the reduction
reaction. So it is a complete, it is not an individual reduction half-reaction, it should also
involve the oxidation reaction to complete the total redox reaction.

(Refer Slide Time: 14:50)

Redox reaction

Let us illustrate these concepts for the redox reaction of Fe(OH), reduction
(Patrick et al., 1996):

=
PR A % “
4Fe(OH); + 12H' + 4 = 4 Fe* + 12H,0 m-dumnm/ (2)
s & i 7 7 ’r
CH,O'+ B0 €O, + 4H" + 4¢” (oxidation) #2° 3)
F £ T . =
4 Fe(OH); + CH,0 + 8H' = 4 Fe* + CO, + 1H,0 (net reaction),
T, 74 v —_—
Where CH,0 is soil organic matter ——
Equation (2) represents the reduction half-reaction and Eq. (3) represen

oxidation half-reaction

So let us see. So let us illustrate this concept for redox reaction of FeOH3 reduction and let us
see this ferric hydroxide + 12 H+ so here m is 12, n is 4, ultimately we are getting reduced
form of iron Fe2+ and or in other words ferrous and 12 molecules of water. So it is basically
a reduction if we follow the equation 1 and also as we have seen we have talked about thus

there will be a coexisting oxidation half-reaction also.

You can see this CH20 which is basically denoting a soil organic matter will be reacting with
water to form the carbon dioxide, 4 protons and 4 electrons. So, basically it is getting rid of
electrons, so this organic matter is getting rid of electrons ultimately oxidized. So this is an
oxidation reaction and so finally if we combine these two reaction, oxidation reaction and

reduction reaction together.

That is reaction 2 + reaction 3 we will get this final reaction where 4 molecules of ferric



hydroxide and you know organic matter you know in the presence of 8 protons will produce 4
molecule you know 4 Fe ferrous ions, carbon dioxide and 11 molecules of water. So this is
the net reaction. Here you can see one thing, here the FeOH3 is getting reduced to Fe2+

whereas this organic matter is getting oxidized to carbon dioxide.

So, it also supports our previous slide that the reductant will be oxidized and oxidant will be
reduced. So equation 2 basically represents the reduction half-reaction and equation 3 we
have already talked about this half oxidation half-reaction.
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Redox reaction

UThe reduction (Eq. (2)) reaction can also be described by calculating
’ AG, the Gibbs free energy for the reaction,

AG,= AG:¢ AT n (Red)(Ox)
()

Where AG,” is the standard free energy change for the reaction

UThe @n can be employed to express the reduction
reaction § of electrochemical energy (millivolts) using the
expression AG, = ~NFE sucfTEar_ -

Eh= £ - RTInF (Red) (0 " ‘

So, the reduction reaction half-reaction that is equation 2, reaction can also be described by

calculating the delta G which is known as the delta Gr which is Gibbs free energy for the
reactions. The Gibbs free energy for the reaction can be expressed in terms of this delta GO +
RT In natural logarithm of reduced by Ox that is oxidized and H+ m. So basically H+ to the

power m where delta GO is the standard free energy change of the reaction.

So from this equation we can have the Nernst equation which is very important equation. So,
this Nernst equation can be employed to express the reduction reaction in terms of
electrochemical energy or in terms of millivolts. So to express the reduction reaction in terms
of electrochemical energy, we generally use the Nernst equation and using the expression of
delta Gr = nFE such that we will get this value of Eh = EO — RT by nF In reduced by oxidized
plus this expression. So let us see what are the meaning of these expressions and these.
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Redox reaction
H - T Rl )+ AP

Where Eh is the electrode potential, or in the case of the reduction half-
reaction in Eq. (2), a reduction potential, £° is the standard half-reaction
reduction potential, F is the Faraday constant, n is the number of electrons
exchanged in the half-cell reaction, m is the number of protons exchanged,
and the activities of the oxidized and reduced species are in parentheses

UOxidation potentials are more often used in chemistry, while in soll

chemistry reduction potentials are more frequently used to describe soil
and other natural systems

Qthe Nemst equation is valid for predicting the activity of oxidized
reduced species only if the system is at equilibrium, which is seldo
case for soils and sediments

So again, this is a Nernst equation. This Nernst equation says this Eh is the electrode potential
or in the case of reduction half-reaction in equation 2, so this is an Eh, this is basically a
reduction potential, EQ is basically the standard half you know half-reaction reduction
potential and then F which we are using here is basically the Faraday constant, n is the
number of electrons we know that, n is the number of electrons exchanged in the half-cell

reaction, m is the number of protons exchanged.

So m is the number of protons exchanged we know that and the activities of the oxidized and
reduced species are in parenthesis. So, oxidation potentials are more often, remember that
these oxidation potentials are more often used in chemistry while the soil chemistry, you
know, in case of soil chemistry reduction potentials are more frequently used to describe soil
and other natural systems. So again, these oxidation potentials are more often used in

chemistry while in soil chemistry reduction potential are more widely used.

So again, this Nernst equation basically comes when we express the reduction equation in
terms of electrochemical energy, in terms of millivolts we can get this Nernst equation form.
So the Nernst equation is valid for predicting the activity of oxidized and reduced species
only if the system is at equilibrium, which is seldom found in case of soil and sediment. So

this is one of the drawback of Nernst equation.

Nernst equation can be valid only at the equilibrium which is basically very hard to get, in
case of very heterogeneous system like soil we have discussed that in details also.
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Eh and pH relationship

Using the values of 8.31) K** mol- for R, 9.65 x 104 C mol* for F, and 298 K for T
and the relationship In(x) = 2.303 log(x), Eq. [6) becomes,

—

lEh{mV) = E* - 59nlog (Red)/(Ox) - 59@3. (7)

R
From Eqs. (6)=(7),

> Ehincreases: ﬁétivity of the oxidized species increases and H* activity increases
or pH decreases

> Eh decreases: increases in the activity of the reduced species
Qi the ratio of protons to electronsis 1 (i.e., m/n = 1): Eh would chan,
5
59 mV for everv unit change in oH ~ de

—

Now what is the relationship between Eh and pH. Okay now using the values of, in the
Nernst equation if we use the value of this R that is the you know molar gas constant that is
8.31 joule per kelvin per mole and then for Faraday constant we use a 9.65 into 10 to the
power 4, it should be 10 to the power 4 indicated per mole and then 298 Kelvin for T and the

relationship basically In x equal to, we know that the In x equal to basically 2.303 log of x.

Then equation 6 that Nernst equation basically you know converts to this simplified form
okay. Now from this equation 6 and 7, we can see that as Eh increases, so if Eh increases, so
if this term increases so activity of the oxidized species increases and the H+ activity
increases and pH decreases. Obviously as the Eh increases pH will decrease okay and as the

Eh increases activity of the oxidized species will increase to getting reduced okay.

Now as Eh decreases, obviously the vice versa, that means increases in the activity of the
reduced species. So if the ratio of the protons to electrons is 1, so here the ratio of protons to
electrons m by n = 1 Eh would change by 59 millivolt for every unit change in pH. So if we
consider this fraction equal to 1, then pH, you know Eh would change by 59 millivolt per unit
change in pH. So this is the relationship.

Basically there is an inverse relationship between Eh and pH. As Eh increases pH decreases,
as Eh decreases pH increases.
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Eh and pH relationship

(JThis relationship assumes that redox controls the pH of the systerm

This assumption is valid for solutions only, but in soils pH buffering is
affected by soil components such as silicates, carbonates, and oxides, which
are not involved in redox reactions. Thus, it may be inappropriate to apply
the 59-mV factor

> ENis postive and high: Strongly oxidizing systems
> Enis negative and low: Strongly reducing systems

Now this relationship assumes that redox controls the pH of the system and this assumption is
valid for solutions only, but in soils pH buffering is affected by soil components such as
silicates, carbonates and oxides which are not involved in the redox reactions. Thus, it may be
inappropriate to apply the 59 millivolts factor in case of soil. Now remember the thumb rule

for using the redox potential in case of soil, Eh is positive and high.

When the Eh is positive and high then we use, then it is a strongly oxidizing system. When
the Eh is negative and low, then it is basically a strongly negative reducing system. In case of
submerged soil which is basically a strongly reducing system, you will see the Eh is basically
negative and when we convert a soil from you know oxidized to you know reduced condition
from aerobic to anaerobic condition, you will see the Eh will move from its positive value to

more and more negative value.
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Eh and pH relationship

LJEh, ke pH, is an intensity factor

The okygen-nitrogen range has been defined by EN values of +250 to +100
mV

Theiron range as +100to 0.0 mV
The sulfate range a5 0.0t0-200 mV
The methang-hydrogen range 35 <200 mV

So Eh just like the pH is basically an intensity factor, you know the difference between
intensity factor and capacity factor. So, Eh just like pH is an intensity factor and the oxygen-
nitrogen range has been defined by you know and this different ranges of elements have been
defined or conversion of different oxidized form to reduced form has been accompanied by a

range of Eh values.

For example, in case of oxygen and nitrogen, this range has been defined by Eh values of
+250 millivolt to +100 millivolt. However, in case of iron, this range of Eh changes from
+100 to 0 millivolt. In case of sulfate, it varies from 0 to -200 millivolt. In case of methane-
hydrogen it ranges from, it ranges as less than two 200 millivolts. So in extreme you know
whenever these millivolts are you know, whenever this Eh is very low, then you will see the
formation of more and more reduced of you know species than that of oxidized species.
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Eh vs. pH and pe vs., pH Diagrams

Eh~pH characteristics of soils

IThe pH range was narrower in reduced soils

(negative Eh) than in oxidized soils iposftwe Eh)
Based on these results, Baas Becking et ol. (1960)
divided the soils into three categories

1. Normal (oxidized) 2
2. Wet (seasonally saturated), and —
3. Waterlogged

7

%58
Now, let us see the relationship between Eh versus pH and pe versus pH diagrams. So the pH
range was basically you know was narrower in reduced soils and because it is having the
negative Eh, so negative Eh whatever you see is basically produced in reduced soil or
submerged soils than in oxidized soils which is basically characterized by positive Eh, so
again the oxidized soil is characterized by positive Eh, the reduced soil is characterized by

negative pH.

So the pH range was narrower in reduced soils than in oxidized soil. Based on these results,
the scientist Baas Becking et al in 1960 divided the soil into 3 categories. One is normal soil
which is basically oxidized soil, wet soil which is seasonally saturated and waterlogged soil
or submerged soil. So here you can see that based on the pH and Eh relationship, they have

defined 3 different types of soil; waterlogged soils, wet soils and normal soils.

In case of normal soils, you can see the positive Eh values. In case of wet soils, you can see
there is a fluctuation of Eh values. However, in case of waterlogged soil the Eh values are
negative because they are reducing condition, they are they are residing in the reducing
condition. So this shows the one of the graphical representation of Eh versus pH.
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Eh and pH relationship

The reduction half-reaction given in Eq. (1) can also be expressed in terms of an
equilibrium constant £°

K° = (Red)/(Ox)(e)"(H')™
(8)

Expressed in log form Eq. (8) becomes

g £ « boRed o) - g () - g () (9

The -—Iogﬂ__(e' ) term in Eq. (9) is defined as;;_lf:;[n a suw
expressed as -log (H')

 p——————————— 2 & .
Thé peTs an intensity factor as it is an index of the electron free ener
mole of electrons iy
- ———

£4

Now the reduction half-reaction given in equation 1, remember the reaction which is, with

which we started this lecture, given in equation 1 can also be expressed in terms of an
equilibrium constant KO. This equilibrium constant KO can be defined in terms of redox
versus oxidized and then electron to the power n plus H+ of proton to the power m expressing
in logarithmic form we will get this form and in this equation this minus log of electron

concentration is known as pe.

In a similar way pH is known as the negative logarithm of hydrogen ion concentration. So pe
is basically negative logarithm of electron concentration whereas pH is negative logarithm of
hydrogen ion concentration. So pe basically an intensity factor and it is an index of the
electron free energy level per moles of electrons. So in other words, it is the index of electron
free energy level per mole of electrons.
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pe in soils

Uin strongly oxidizing systems: e~ activity is low and pe is large and positive
Uin reducing systems: pe is small and negative

Sposito (1989) proposed

> “Oxic” (oxidized) soils: pe >7

> “Suboxic” soils: pe range between +2 and +7, and

> “Anoxic” (reduced) soils: pe <+2, all at pH 7

UThese ranges are consistent with redox control hy oxygen-nitr
manganese-iron, and sulfur couples

UThe pe range of most soils is -6 to +12

So if we consider pe in soil in strongly oxidizing system, the electron activity is low and pe is
large and positive since it is a negative logarithm of hydrogen ion, negative logarithm of
electron concentration. However, in case of reducing system pe is small and negative. So
according to Sposito in 1989 he proposed that in case of oxic soil oxidized soil, we known as

oxic soils, they have a characteristic pe value of greater than 7.

In case of suboxic soils, the pe ranges between +2 to +7 and in case of anoxic soil or reduced
soil the pe varies from less than +2 at all pH 7. So basically, the ranges are consistent with
redox control, with redox control by oxygen-nitrogen, manganese-iron and sulfur couples.
However, the pe range for most of the soil varies from -6 to 12. So, I hope guys you have

learnt something new in this lecture.

We have defined first the reduction and oxidation and how this oxidized and reduced species
basically coexist to govern this redox reaction, what is redox potential, how this, what are the
values of the redox potential in different conditions and then we have talked about the Eh pH
relationship and then we have talked about the pe. We have defined the pe and how the pe

varies in soil.

So guys, let us wrap up this lecture. In the next lecture, we will be talking about more about
pe and then we will be talking the other aspects of the redox reaction and redox chemistry of

soils. Thank you very much. Let us meet in our next lecture.



