Redox Reactions

Redox reactions are the reactions in which transfer of electron/ele

ctrons from one atom to the other oceurs,
and hence the oxidation state of some

atoms change. These reactions are divided into following two classes :
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) Electron transfer reactionsin which there isno net chemical change. These are called electron-exchange
processes.

°8  [Fe(cN),]" -[Fe(cn),]", [Co(en), T ~[Co(en), ] [Fe(dipy), ]" - [Fe(dipy), ]
[Co (NH, )6]3+ *[CO(NH3 )s ]2+ etc. T‘het;:e reactions can be followed only indirectly, such as by

isotopic labelling or NMR_

1) Electron transfer reactions in which there is net chemical change. e.g.

H20 . ' . e - +
[:Cr(NI»ig)5 CIT —[Cr(HZO)S]2 or generally [Cr(l'\lﬂﬁ_,,)5 x]z —[Cr(HZO)S:‘2
where X = F— Cl,Br, I, $0,%-, NCS- etc. | N

" Mechanism of one electron transfer reactions

and b) electron - transfer or outer-sphere mechanism.

a) Atom (or Group) - Transfer of Inner - Sphere Mechanism

complex mechanism.

Example

- Oxidation of aqueous Cr (II), [Cr (F,0)¢]*" by pentammine cobalt (III) chloride, [Co (NH,), CIp>*
Medium as shown below

[Co* (NH,),CIJ** + [Ci2* (H0)** + SH,0* — [Co2+ ELO)** +[Cr* (1,0), 1} N SNH,*

in acidic

Oxidant Reductant Reduced product Oxidised product
Co3* — 306 Cr?* - 3d* Co® 5 3¢7 O L3
Lowspin&inert ~ Highspin&labile - High-spin and labile Low-spin & inert

Scanned with CamScanner



The above reaction can be explained by the following mechanism :

| i ’ 4+
2 - 2t - + - 2+
[Co* (NH,), CI " +[Cr* (H,0), | —2[ (NH,), Co™ - CI” - Cr* (H,0), |
Oxidant Reductant W“J
.- Lowspinand, . Highspinand ‘ oy :
nert (Co = +3) labile (Cr = +2) Activated bridged
intermediate

Electron transfer

[cr (1,0), c1]“ +[ Co™ (NHa)s(HZO)Te—H-O— [(NH3)5_ Co™ - ,Cr_-T Cr (HZO)S]“V
3 +5I-]30’f_ { ETT It | e 5L 0% &7 0 AT ST . 11653
[Co** (H20)6]2+ +5N'H4+‘ : T resfines o TR Tties s T
‘(CO=+2) _ iRGAM 9188 -l Yoy Tl -{gHed e

'~ The above reactioti pfdc‘eedéfihibu ghthe following steps " " ‘ 7

: .1 - - Amolecule of _wate_rri_s réadily_ released from the [Cr (H,0)** forit's labile nature to form an activated
bridged intermediate which cmnta_insr_Co,3+ and Cr** ions linked together through CI-ion which acts as a bridge
between the two co-ordinate spheres, - - t e

The bridging CI ionis brought into the activated intermediate byathe inert reactant viz [Co (NHs)S Ciiz'{ The
only source of Cl" is [Co (NH,) s CII>* :

i)  Inanactivated intermediate an electron is transferred from Cr2* to Co’* through the bridging Cl‘-'i'on to
convert Cr** to Cr** and Co** to Co?*, .~ ... ( ; , -

i) ~ The Cr** ion thus formed attracts CI- ion more stro
apart of the complex of Cr**. Therefore, the electron is trans
mutually interdependent. s

ngly than does Co?*, Asaresult, Cl-ion becomes
ferred from Cr2" to Co* (I) and these two acts are

o
[(NjHS)j %ijl ----- > _th(H;.,D)s]“f

€

Activated bridged intermediate
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After electron transfer the initial labile partner [Cr(1 IZO)G]]2 " becomesinert to substitution and the inert partner
[Co(NH,),Cl}** becomes labile.

- Thereactionis first order with respect to the oxidant and the reductant

v=k [oxidant] [reductant]
=~k [Co (NH3)5 C1]2+ [CI' (HZO)G]Z-F

There are some redox reactions which occur by multiple bridges. e.g. in the following reactions three oxygen
atoms of EDTA serve as bridges

| Co™ (EDTA) J+er - co +[cr (1,0), (EDTA) |

(Co=+3) (Cr=+2) (Co=+2)(Cr=+3)
Trere are also 'exa.m'pleé in which two electrons but only one ligand is transferred. e.g. various Pt"/Pt'V exchanges.

There is also a reaction in which electron transfer by an inner-sphere mechanism is not accompanied by ligand
transfer, e.g.

- [Co" (BDTA)[T +[Fe (), ] —[co™ (EDTA)] +[Fe” (ON), ]
(Co=+2) Fe=+3)  (Co=+3) " (Fe=+2)
b) Direct Electron Transfer or Outer-Sphere'Mechanisrh:' | ‘ o

In these electron transfer reactions only the formal valence state of the metal ions changes. These reactions
~occur by direct electron transfer and the electron effectively hops from one species to the other and the ligands act
as electron-conduction media. The electron transfer can occur by a mechanism which involves movement of an
“electron from the outside of aligand in one coordination sphere over the outside of a second sphere. This mechanism
is particularly appropriate with large conjugated ligands like bipyridine, phenanthroline etc. As in this mechanism
direct electron transfer occur, the Frank-condon principle must be obeyed. Therefore very light electrons will move
much more rapidly than much heavier atoms. In order to understand this mechanism, let us consider the transfer of

an electron from [Fell (CN),]*" to [Fe' (CN)g]*~. The rate of this redox reaction can be studied by labelling eirther
of the complexes with a radio active isotope of Fe or with 1C. ,

[*Fe™* (CN), 17 +[Fe* (CN), "= [Fer (oN), ] +[Fe (on), )"

Low-spin and Low-spin and Fe - C bonds Fe - C bonds
inert, Fe'— d' inert, Fe'—»d longer shorter
(t,’e")) Fe — C bonds (t,'e,) Fe - C bonds
£
longer. shorter.
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| tifis . i " (ty,%,%) and [Fe
ove reaction is fast with second-order rate constant ~ 10° at 25°C ]_30”1 [Fe (CN')()]' (tzg o : o
(T(lfllfl)ilz‘ (t,.°e,%) are low spin and are inert. Thus the loss or cxchange of) SN ;:r]iz:g]lz?:i;u;::; ; :s:g;i;:y
fast. Asa rééulf, the possibilty ofelectron transfer t! ll‘Ougl_l a b”ffé’ed activate (’(l; 1;1 e ar’e inert. the cf A
of the activated complex requires to a substitution reaction. Therefore, when (;t 1be tunneling or © t’ : chose
approach of the metal atom is impossible and hence the electron transfer takes place by a g Or outer-sphere

mechanism.
Two Electron-Transfer Reactions

The.reactions in which two electrons are transferred are known as two electron-transfer reactions, e, g. the
reactions.

)

Occur in aqueous perchlorate solution.

% he rate law fbr reactioh(lS.j.'I)iés L

--"a}l' '(';M",',';--‘%’dev\{)‘ww Sl on s

'lV=K1 [TI‘][Tl3*]+K;’[T1*][T10H2+] g ¥R 251 5 0gla e -

Complementary and Non-complemen tary Electron -Transfer Reactions

The electron -transfer reactions in which the number of electrons gain by oxidant is equal to the number of
electrons loss by reductant are called com plementary electron—transfer reactions.

I e =
S* 4 Hg¥ gy 4 o ;i
Redu'ctantf Oxidant Okidant‘ . liégiq;:téht' i e - =

+ When the number of electrons gained by oxidant and Jost by reductant are different, the electron-transfer

© Teactions are called non-complementary reactions and generally these reactions occyr by more complicated mechanism,
a eg' -~ g N . . L

TP (@)  + 2Fe?* (ag) Ly TI(aq).| "+ 2Re3* (aq)
Oxidant ... Reductant " Reductany

Inthe above reaction T3+ (aQ) — TI" (ag) is a two electron transfer reaction while; Fe?* (aq) — Fe*
(aq) is one-electron transfer reaction, ,

Oxidant

The other examples of non-complementaly el_ectron-transfer reactions are

20" (aq)  +  TI*(aq) — 2Co% (agq)  + TI* (aq)
2V*(aq)  + @) — oy @) + TP (aq)

Oxidant Reductant Reductant Oxidant
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