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Oxidation and Reduction Reactions In
Soils

Redox Reactions
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Oxidation and Reduction Reactions in Soils

Redox Reactions
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Oxidation: is the loss of electrons by an element

painll J8 cpa il g ST 0088 Al A ¢ BAwsY)

-

Reduction: is the gain or acceptance of electrons
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Oxidation

Fe” > Fe +e

Reducing agent Reduction Oxidizing agent
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ne=-l0g(e) (- log of electron activity in , molel”)
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Log K°=% log Hyg — log(H™) — log(e)




At equilibrium
Log K°=0
At standard state condition asbdll 5kl aic
(H") activity = 1 mole/ L oié
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H" +e +Y Og(g) <

(H,0)"

At equilibrium
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Log(H") — log(e") — ¥4 logO, = 20.78
Or pe+ pH = 20.78 + 1/4l0gOy(,
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Species Reaction Predominance Condition
Acid Donates H* Low pH Acidic
Base Accepts H* High pH Basic
Reductant Donates e- Low pe Reducing
Oxidant Accepts e- High pe Oxidizing
Reference reactions
H,0,+H" = H;0* log K=0 Acid-Base
H* +e- =7 H,, log K=0 Redox
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Redox Potential and Free Energy Changes

AG=AGr°+ RTINQ (or K) (1D

(2)
3)
AG, : Gibbs Free Energy of Formation

AGr° : Gibbs Standard Free Energy of Reaction when all products and
reactants are in their standard states.

R: Gas constant = 1.987 cal.deg™*.mole™

T: The temperature in degree kelvin (25°C = 298.15K)

Q: The activity quotient of products to reactants for the reaction
N:The number of moles of electrons participating in the reaction
F: Faraday constant= 23.061 K cal.volt™*.equivalent™

E: The cell potential for the reaction

E°: Standard cell potential when the half-cell reaction
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AG,= AGr° + RT In K° (4)

At equilibrium AG,= 0

AGr°=- RT In K° (5)
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Log K°= 16.9nE® (8)

o 59.2
E°(millivolts) = - log K° 9
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Oxidized +ne” <« 5 Reduced

KO = ( Reduced )

" (Oxidized)(e-)n (10)

Reduced
Oxidized

Log K°- npe = log
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Eh : the potential of the cell sl xa




Pt,H,/H"// Reduced/oxidized ,pt
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N/2HH g, < >nH" + ne (12)
Oxidized + ne” < > Reduced (13)
Nn/2H5) + Oxidized < > nH" + Reduced (14)
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AG = AG° + RTINQ (15)
-NnFE = - NnFE®° +RT InQ (16)
_ po. RT
E=E°- — InQ (17)
— =0 _ RT (H+)n( Reduced
E=E nF H2(g)n/2 (Oxidized) (18)
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Eh=E° - — (log K° — npe) (20)
o= 2'32‘;” logK® (21)
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Eo= Eh when [ oxidized] = [reduced]
sl e gl Mid- point redox potential
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Reduced < > Oxidized + ne-

[Oxidized]
nF [Reduced]

Eh= E° + (24)
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Oxidand + mH" + ne < > Reductant (25)

Eh= E° + RT In [Oxidized]
nF [Reduced]

(HH™ (26)

[Oxidized] RTmMm 4
[Reduced] + 2.303 —F Log (H) (27)

[Oxidized] _ 0.059 m

[Reduced] n PH (28)
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E°’= Eo- 0.413 % (29)

(OxidizedO
(Reduced)

(30)




Finally,
Do you have any questions?




