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— Oxidation can be deliped in a

iumber
() Classical

of ways as
concept :»

chown lelow:-

(® padition o} me@mjﬁou oY @,mngjm@hm_(ﬁ element -
® Removol of hydwgen (H) or elecvopositive element:

) Electvonic concept ((Modewn concept)t>
@ oxidaten Mumber

oF an elevment [neveases.

) An atom O¥ ion |oses ome ox Tnove electyon +hus  the do._mﬁnm of the atom or 1on
1= Incveases-

© An atem or ion |loses one or ynove electron and nTQﬁmmm into move electropositive
or \ess m_.mnfdjpm_ﬂiﬁm State.
— Since

_q. = N

(2) Reduction :=»
" —

eleckyrans oxe

\osk

v oxide¥ion , so oxidation is also called de- electronation.

— Reduction con be defned n a Mumbes of ways
() classical concept -

as shown below:-

@ Addition of jumdoamjﬁigoﬂ electyopositive element:
®© Rewoval of oxyaen (o) o¥ electropositive element



Learn Chemistry Online

(1) Electronic concept ( Medemn concept):-

@ O¥xidotHon Mmumbey of an element decweases.

® An atom o¥  (on mnn_jm one o¥ hote electrons and 4hus +he {P#mﬁnd of Ahe ottm
os ion s decvxeased-

© An atom o¥ ion gains one o&v Wowe cleckwns ond n.fnrﬁ_umn_ o less electropositive

o¥ YNove @dmﬂwqojm&ﬁﬂin element: | .
— cince electyons @Dmﬁmm in weduckion, S0 vweductHon is also calied electromaetion,

Exatople :- Mg + 0, —— 2Mg0

.:.v._rn—..hb mw..»...t“.w.._._n._ =

Reducbhion

— This ~eaction can e ~epresented as holf wedction.

Pgm LME@._.P + 4 e oxidation ( loss of e~)

0, + 4¢~ —> 20~% veduction ﬁm?..S %mu



Learn Chemistry Online

|

> OxiasinNng aqgent ¥ OXidant

w — Mt seareoeet

cileunia — Q-
An Oxmm_.m._jm 9@@3# is o substance wwhich 15 an e~
electyrons fromn 6thex specipes O mﬂcm.m O a% nﬂnn*..,_\oimmﬁﬁq,m element 1o other substamce.

accepkor o€ wevnoves

Ta;;m?;w agent o secductant

d—2d -
An .ﬁmh_cnﬂsm ﬁ.mmjw s o sgsubkstance ith 1s avn e~ denor oF mium_:mh electyons
+o other spedes ox m?mw H o¥ ﬂfm_n..ﬂ.dvom:...(ﬁ elevnent “4e othex gubstomece.
Example ! -
= 3Cu0  + 2nH, —> 3Cu + N, + 3H0

Cu=0 N=0Q

Cu=+2 N=~3
* |
ﬂ (@ _.“,.w:.p.... oY ) |L

Eeduckh on

CuQ - Ox“o_..m,_:m D.»m_njr. (e- thmowa«v
NHy > wedudng agemt (e~ domnow)
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- Electy Dhlﬁw|| potential :1-»

— When o MMetsl wod s _ub‘ibsx immersed 1n the solubion of 21 FOE ————>
its salts , +theve ave +two possibilities.

(©) Metal is oxidised oand mmetal ion formed leave the wvod
ond pass into csolution . +thus e- -eleased rm wetal akes

ZnS0 4
golubion —=»
metal ~vod Sm@ﬁfﬁm-

_——

@ Metal fon fyern solution deposit oy the ynetal vod _v& mamﬁ,:)m\ Pm..n Z2n eleckrnde
clectvons. hence vnokes wetal wod positive.

— When equlibrium s stabilised between Metal and Mmetal Tons, some Oa+ms¢9_m_$ﬁ§n
develops between +hem. This potential diHevence s  called clectyode potential,

~ The +m5m&5nm ofF on electrode to lose o @0....5 electisng when ik is in contact With
ts owp ion in solubien 18 called electrode _uo.wmsw._.nr_.

— The +endency to gon e~ is called veductien poteptial and +n3n_n5nm to lose e~ is
colled oxidotion potential. oxidation potential s wevevrse o veduction potential,

— Wwhen Metal vode (s iwvimevsed In its solution ofF calts, webtal i3 oxidised oY
wektal 18 Teduced - €O electyo de _uoynmﬁ.n...,ob s olso called oxidotion - geduction Auo...ns.zp_
CoRP) o¢ ~Yedox potevtial.
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~ The ~vedox poteptial s the +5£_n5nm of a wedox couple px ¥edox pairy to donote o

accept electrons.

- It is mot possible o detewymine mxﬂmignﬁg:m the potevtial of m...sara dbsibeda L.
clectyrode potential ox +yedox potential.

-~ In ox¥dex o detexmine signle eletrode potenbal 0f am elechwde, electiode musk

be coupled with Standavd hpydwogen electrode (SHE), which have 2Zevo electwode
ﬂofgiﬁ. The value of electyode ﬂofSInL detexmined (¢ called standavd electinde
prertal (E°) ox Stamdord veduction potential o¥ standavd -<edox potential,

— The elechiode pokenHal of on electrode deperds on conc® of +the solution ot

given fernp- duxing neasuvement of stemdavd electrode potential  +he cenc” of

solutieon token as C.ﬁ:& ot 25°c.

> Electyochemical semes 25

— The values of Standayd el\ectvode potentiod of gkoem or Ton  ove Dd.._..gmbl in

mnndnbm..jm Oxde¥ OF sewes. Thic Sesies 1S colled Electirochewico] Sewes.
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" Reducing powe¥ incyeasing

+187

+ 142
161
=151
- 140
+1-36
+1-33
+12%
w1408
—(r92
~()-40)
-7
061
(53
-{-52
(-3
+{r%
+0dd
+ri5
L
~0-13

HO
-0-13
=015
-0+15
=024

027
=034
-0
=044
-074
=076
«1-18
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-3
=271
-387
-390
-292
-304
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2> —ve E® mmeans *Yhot 4he vedox
couple is o mfgm: weducing
agent thaw Ht/h, cowple

> +ve E° means +hat +he vedox
couple s o0 weakex dom;n._sm.
nrmnﬁn then HY/H, couple.



) Calculathon

— Trhe value

. (=]
— Swce E cell

Example ;- A Galvanic cell is cemposed of Zn and Cu electrodes T.Qc,:...@ N.5+w\u5n -Q-T3YV

of

s
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E- Y-+

r.m.,! O nha \ \¥[& «.;_._ = cell LE cell ?
monm: can be caolculated cm.,am ho:os._su. Yelation -
_ ° ° o = a D — i
E'cey = Ecatiode = Eancde | R | E'oy = Frigne S Lert
positive | E_ ihcae Should be @dmowmq hen B de
Eeen = mZn_..n..‘ T Flower

and Cou**/Cu =

+0.337Vv. Calculate -—he Vvalue of E°q,-
Eoen = m-?,arnq - Bhuey

Ecen = mu.nct.\nc. - TazrtYzp

Eey = 0337 =(-0-7¢3)v

et = -1 Volb




predict tine

Q
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vedox weachion:-
yeaction — TV& , then +he veaction pwoceed from left to dmmei.. (-e- ..Fuﬁ.vpdi divedion.
— T o.._..mb.\.Inj = —Ve, then +he ~veachon proceed fHom J.‘.ﬂ.m,:w +o left (- backwavd divection,
r[| o px edict the ....y..m.ﬁ.,.,....,l_ ru of a ne .,L.H»_ m.krw_m.v_.;lywmn..ﬂ\_;w_:W H.ﬁ.l,\.wnu,._,. oY) s
Zn(s) + Cu** (ag) — znt? (aq) + Cul(s)
displacing Displaced
~netal e tal
(RA)

(oA)

E® = —076V E°=+0.34 V
— The above ~veaction will +ake place mvoﬁnpﬂaocw_m , - one ofF the .nozoE._sm\ condibions
s Hullklled -
® FEgrs < Eon

®
(& ] (s ]
@ E OA mm) g

E o-_.ww_nﬁ._jm ~neta)
positive J.Fnsmle

—
-

1) (=] "
@ monm__ mg*sonﬁ =3 mcjuu_n ag

< m,._n_..m_zonmm metal

vcm___w..fn J\Lovi.—.u.
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4) OXI1015\ ,rw POWE .H ".I. % OXraanis amn ol ! Tﬁ._ “r.mnri _||._ & ’.:u..r‘r.“.r. 1’4 D * Feauc L u...._ e

v J
- L
L

— Decwvease in E® values 3 the tenaency ofF oxidants 1o accept electrons decyeases amd

hence  oxidising powey of Oxidats decveases.
— Decvease in E° Volues=> the tendency of weductants +4o donate electyom incyeases omd

hence ~veducing powes of seducktants Iincyeases.

Example:» Reduction potrenthal of sorne \nalf veactions axe given below.
n Ip,wq,(

?__.m..uu. & 2e~ S— _._sm ; E =
Aq . E* = + 0 1MV

.o.a+ + e~ —
nh_—+u- & 2€&" SN nu - mﬂ = = o-+ﬂw<
Mt +2e-  —— Mw, E° = —I-I8V

hich Tnetal con —weduce <Cd** o <d mnetal ?
Ansi= Mn ana Mg bolth ooy educe <C4+* 4o <d.

E) Calculation ot e nﬁg._.,l__ fovium m,.lo...___\_,_uwa_ nt (K) of a wvedox ~weaction :-»

— —

— Stondasd Free energy change (AG®) Foxy a weactHon fis given by
. - @ heve M= 30.,Dh eleclsons Tnyslved in gedex yeactien
o = E°= Standavd porential for the veaction
F = Faxaday constamt = 2eSoce Coulombs



— Relationship betweey
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L6°  and equilibwum censtant (k) s given by -

A6 = —RTANK — D
hete R = (has conskant = 8-314 Tk'mol~
T = Ternp- = 288K
on n.gﬂbd‘..ﬁ@ eq - 6 amd @
—NE°F = —RTANK
RT
NE® = —
E —~ In K
- 2:303RT
ovY ME = ||“F_O@K

o mFmefcmjﬁ values of R, T ond F  we get

ME® =

—_—

0-059) _cm 14

TnE®
oy |lpgk=s ——=__
d 0:059) —®
Mxnriam.m"l Calculate 4he value of
Ni**3 Co =
Answet -

-

-]
logic = 5
0-059|

equilibrium constant (K) of the Lollowing Yedox ¥eackion.
Ni 4+ Cot* (€°= 0027V  n=2)

4 _oa_nn 2% 8°02) = 0-3I1S
0-059|

K= g.2%
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(6) Stoandara electsode potential and Metal extraction P

— — - i

| & L -

— Op the bkasis of value of standaxd eleckrode potential | we can select suitoble
v,qon.m&....ﬂm fose wetbtol extrachk on.

@ Metal ien couple with potential 'moxe jﬁmﬁrg +han =1'sSu = m_nn_ﬁ.o_&m..u s used

() Metal ion couple with jm@n_.._.,%. poteptial in +he voange ~I'S to —-075 V > OxyYgen 1S
used to Yeduce *he metol oxide.

©) Meral ion couple with 5m®0¢.§ potential in +the Yange = 0:75 +to 0.0 V > Cavbon

-

Yeduction Mmebthod 1s USed.

@ Mekal ien couple With potential Wove womwi,ﬁ than ©:0 V - Simple rmﬁIsm s wused.
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.... . .. _.: .... _.
q..‘ nu_w..___..._ﬂ ._L.r‘ _.,_.| F_ C...r rr..,\e.__,ru _Fl..
\ 5
-t

— Redox nmn_m involves enthalpy njpjmn (an) omd energy absorbed onNd evolved In vaxiouws
Steps—
OxXl _u._r._._,,,U_,.J. C &r....%q qu _n.,m‘,_m.w|p_\...;__.. H_\rnlr,__n *?

AR

— The oxidation of alkali metals in aqueous solubion con be ~wepresented as-

oxidation

M 4+ aq. > M'(aq) + e~ E =g}, D

E = Measurve of veducing ﬁdddndﬁ&.

- The oxidaYrion ~weaction emmz\mﬁ above takes ﬂLDhm *.lfd.oc.&f. +he ho:o_.b._s& m.m@vm..i

(o) Sukblimathen © § M Pn ) te M/ 4 __ =
~ - e - - e S t——————————— W -

M (s) BRI O W Wi , AH= +8H gy, = Enthalpy of  sublimation

M mav L5 i —> M*(g) + e , AH=+IE = Ionisabion energy

+Ve = Enevgy o bsovbed
=N = mﬁaqm“_ wveleased



- On Qmmmsm equatiens .w..cms in
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,_.u Avaton ot mmt (8) to ™M? (aq:)

Wﬁmdn tHown

=Y

M*(g) + aq. > MY (aq), OH= ~AHy, ,+ m._i..:n:um ot hydvation

step (a) ,(b) and (&)

aq- Solution

aince veochon @) is some as weaction @ , mnwx £ mfmj rm..

E= Ep = ORgl,t TB- oK,

— The volue of E & Li i= highest omong alkali metals. so ki has r.:,,mrnm*. value

of E%,. Although Li has highest JE omeong o\l alkeld Wetals buk Tt 7§

s
covropensoted _om ﬂﬁ&fo.:a_m o T&&%Pw_,oi mbt:d._v of rm.aAPaL

In othey (Wosds | among olkali wmetrals, Li(s) is wost _Wo.m.__m oxidised to LiT(ag-) v

aqueous solution amd hence Li(s) in aqueous solubion act as strongest )«bmcn.,sm o&mi_
The above thwe cteps

can be shown v doem of o ndn_.m (Bown - Haber Ddﬁ_nu.;_’w

Dmn_m 15 Called oxidetion Oa.n.._m of alkali wietals.
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Oxidabon n

M(s) + aq 2> M* (aq.)+ e~
©q. solution

TS
o) Sublimation . \
(o) \ (©) Imo_...ow..aﬁ mlDIr n_u
ﬁ+ h,.,.I.np.Cr u d
M) > M¥(g) 4 &
Hrvvv HG,.J..UDT..% h.lﬁ.u._ w
(+IE)
___ u . Oxidation ¢ &P le o ¥ alkali NeET ols
@ _Reduckion cycle ot Halogens:3

— The ~weducton of Tﬁ_ommj \n aquecus sSolution can be -yepresented as -

Reducticon n

\

ﬁoﬁw.u AH = AC

|ur.xw St R aq. Soluben

AE = Meosuve of oxidising middm?.

— In 4he above ~xeachon, it Tn_omm: is o solid , then the oabove Yeactien s wWrwitlen asi-

Reducti o N

4x, (s)Y+ e+ oq. - ~(aq) . an= OB —
7% ( 1 0q. solutien ’ F@u, @
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- Reaction @) +takes place thsough the %0:08._5m steps:-

Lx, () Fusie® 5 L %a(8)  on = +-Lon, = Enthally of fusion
H@ Convessior A\ L..r. L) to % .“,_..rmmuw_ >

.I%xnmb Vojomisation . Wivmmw OH= +L AH, = Enthalpy of vapoxisalion
U,u Convesaien of L x.(a) & %(g):2

Dissaciation
L x 2 (8)

> x (@) on-= +LoH,= Enthalpy of dissociation

(o)
[
G
5
=
()
|
| (b
|Q
| D
(v
p
o~
o
A
v ]

X(g) + e Electyron Bh.T.ﬁ..#MJw ,Kiﬁ&u OH = —-EA= Electesn Qﬁ?ﬁ..w&
® conversion of x7(g) to »7Cag):>
+ - . e
(gl some ——ATEM o ol e =Bl = By o Rgdndion

— on adding wyeacthion @, 0, @, @ omad @

Iu—“.x.vﬁﬁv +e” +taq. —> v.nl.hﬂnﬁv AH= +.ru|....‘V.T_h -+ .rulu.DI{ +,.—MD_In— — EA — DI:MH.— .I..|l...®
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— Since Yeaction @ i¢ the samwme as weaction (B) . AE chould be given by

sE = Lovg + Fou, + oM, —EA-OH,y

— The oabove sYeps can be shown in the Hdovm of ..nan._m.._.f._m nmnim. is called ¥eduction
cycle of halogens-

Reduction in

4 % (5)+ e~ +aq. i s
Sl 1 aq- sSclution 2 ﬁ.n.,nw )

_ m‘w Fusion ﬁ..rWDIhv __ ,.mtu_ ,lﬂ““,“.a__..n.‘.dhu 3 &N

Js _ (-oH hga )

_w Vaporvisation s_ @ ke Qﬁh.,-,.mwun (+e-)
(5o ) (-EA)
| (S dissociation |
C+ L bH,)
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— Since F,_ and (), ave gases at woom 4ewmp, OAH; and OHH, ave owitted . Bra is o liguad ,
AW s omitted .

— The OF Velue o¥der of 59_0%5 is F,5CLL,>8By, %1,

— F, bhas maoximum value ofF AE and hence mwﬂujm.m.m.w. oxidising agent.

— Althougth Cly has Tmmjmm.# value of EA |k is Mot the m.mﬂa.:_mmmﬁ Gxn,m,_.m._jm P&h,i...
This is because of fact that ciI, does mnot have +the moxiwmum value of AE.

— Thus oxidising powes of Tﬂ_uwmvj does ot depepds aon EA, but depends ot AE.

LE < Oxidising powes of rP.ommﬁm
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7 Redox r_ﬁ,.ﬂlﬁw_,__u& N Water iz
— Thexy axe ™Mony species which oxe sSteble In Walerw gince these species meither
oxidis€ o¥ vFeduce (Woater oY C.5m_oumo disproportionation in wadler.
~ On +he oOther hond, theve ox¥e compounds which ave unstable N woter, since +these
compounds ﬂf&mdmo oy of the ho:oru..jm weactions n (water~
| ﬁ. "

(1 ““ Watey as an O %\ dant .“( OXidaticn ot sSubstarnvce F& H u.D anad Reduction o HO to 1 14 V =

— When M0 o HY jon oact as an oxidant , it s weduced to H,

pIPO + 2e~ mﬂ&ﬁﬂﬁg - Iu‘n* a2 o—-_.l

hT_.I...*-v thOv

— As a Mater of Ffact the -veducton of H,O TneonNs the veduchon of Ht(aq.) fon to H,.

H* (ag) +e- —— L (0 /By, O P =

— For ihis wseduction half cell veacktion , electyode potential is given am (Nexnst equation)

mIa\.w..I.v = mnrﬂ..w.iu -+ 0:059) _Om.\?lr”w
o¥ mﬁ\w:ﬂ = 0 —0-059 log [Kt]
ov E

_._...\.Wiu = —0:059) P — @ ﬁ.n.f Hmva ﬁcuﬂIﬂl?MﬁIm—w
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— When H,0 or HT ions weact Wwith alkeli metals o¥ alkaline eavth etals ((except Be), etals
ove oxidised +o hydvoxides and HPO o H* jons -~veduced +o H,(3).

M + HOo —— MOH -+ <Ln (9
(M=o) (H=+1) (M=+1) (H=0)
o M+ H*lag) —— MY+ L9
— H,0 oY HT ions alse oxidise elements ofF Lgst tronsibon servies.

Se + 8% L ¥ L0 8oy ;.W..Iu

_,rw_ Water Qe I _urh uc e ant CR _w.,u_.tl@lnq_,_ G+| substance _FN , Wru _Ona  oXxidga Hen ot ﬁuhu
— When H,0 act as o veductant , it s oxidised to ©O2
oxidation + - . e =PFEAY
2 K0 > LefiriThet Qgy OrfLifee . E ox
(o=-2) (b=

— T +this oxidabion half ~qeachion (s written as

Reducti on a
aHt L 0, + %e~ —> 24,0 : Eou = +1-23V

m.— _,th ‘,- “

seduction half ~weaction | Hun (e mmbn.
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— Fos +this <wseductien half weockion, electyode potential s given &m‘u

o
E = B

— 0-0S59\ pH

E = |-23- 0:053(pH

§f ph=o0
E = .23 Y

— lWhen F, <Yeackts with R0

2F,

(F=9)

Fa

»

~

s Yeduced to F~ ion and Hp Te gxidised to 0,

+ 2H0 —> 4F + 4HY , O,
(0=-2) (F=-1) (©=0)

— H,0 olse weduces Co?*® 4o Co*™ (@naTCe*tYto Cetd

4 Cot?
4 Cet®

(2) Dispropost onabon 2
— X X

+ 2H,0

+ 2H,0

el 4Co ** + 4HtY 40,

— 4Ce*® 4+ 4Kt 0O,

— T+ a <edox ¥eacHon in Which oxidoetion mumbey oF an element neveases as well
058 decrveases m..,‘_gc..:nﬁﬁmocm;m. i-e.

oy element-

Oxidation amnd wveduction tokes place mu._gagnoﬁwm of-

= 1In other wovrds, the species thich csue&momm dispyroporbicnation ocks as am oxidant as

twell as a ~weductant.



= ..H..,ﬂ m“.n_n_b..n

—> Redox siability field of motuxal

- A cuwve

~ The shoded axea of h._.@r_ﬁm shows +the Tamge ot
Value of E®°
1m¢.3b,3,.nnv:a stoble towards oxidation & YeduchHon:

This o¥ec. ov field i alled Fedox Stability feld

o F matuxal

- Thus +he ~edex Stokility HHeld of Wwater is +the vegion
of pH and wedox potental vy Which (Watex
towoxds both oxidabon amd yeducton.

— Redox m.ro&.._.;w field liee b)io PH 4 to 9 amd m_oE,,._sm-
line AB (upper) ama CD Clower)
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S

(Cu=+) (Ca=+2) (Cu=0)

positive , the dispwportionation weaction Te sSpontaneous.

PH of

with OX¥gen ove

and PH in Which waier g thewmo -

e,

ba. Bol T 52 i e

e ey g e l’]-’!’n"m
Bl ca ~rs i te. wlge |

2 ks =

=+40-36V

obtained _om plotting standarvd weduckion potential of HY ion ko m,,.<,n§ Hy, amnd

stendard oxidetion potentiel of HO e give ©; with the chamge in
ia shown in fas,ﬁ‘

solution

_.-f.@:.mmu.

—
—
——
—
o

Redox stability
field of natural

* Redew ..u“ﬂ..r_o,__.,.n.x $<eld of Noturel

(yateYy
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o Ox,ﬁzm.,sm agerts (whose wedox potental lic above line AB com oxidise H0 cund +he

40;.;&5@ agents whose wedox poteptial lie below linve €9 Can veduce H,0.

- Cowmpropostionation ReacthionSi-

e ———

— Reveyse of dispsoporticnabion.

— In +these vweactiens an element in its +wo diffevent oxidation States combine

together o foom a product  whidh has +the element in ileamediate oxidalion site.
Cu <+ Cut* @SN DICHT E®= - 0.37V mMon spontemeous
(Cu=0) (Cu=+2) (Cu=+) Teackion
— 14 E® is positive, +he compyopostionation s spon taneous.

— Auto oxvdathsn:is

— Tt is process In which o substance Fﬁmmqmdmm oxidatien amd ~vyeduction both _aa

it self
— In dispsoportionation Same i;...jm Tbtﬂna but 'n cose oF auto-oxidation this wveaction
OlcuY s w,orkm without Yhe action of heat -__,mfi.ln:. ﬁdmn*qwn..w.m..
3 HNO, —— HNOoay + ZNOo
(N=+3) (N=+53) (N= +2)
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> Latimex _diagvams : >

— Also called Reduction potential u_,n..mdpgm.

- Lakimer diagrams of on elernent pyesents the stondavd weduetion potential (E°) values for
& sevies of compounds of that element in which the element s 1n different oxidation
State.

= Dittevant species gven (n the Latimer diagvams hove owow betidcen Hrevn and E°
Values involWing in twoe adjacent Species ave (owitken over the  acsroud-
- The oxidation state ofF eclement concewned is  wWritten Uuwnder +he species.

— The species fbrm_jm Tnmfmh,. oxidation stete (s (owitten on lefr ond spedies de._jm lowest
oxidation MTn.a.._rm 15 Wwrittken sn ..J.m_:w. .ﬂrcﬂ~05 ﬁ.ﬂonmmn:jm from lefd .ﬁﬂ.u..,mfa¢ in a Latimer
diagram Oxidation state of corcewned clements decveases.

- Labmey mﬂpm...ﬂj cenkadne the Totations For the ~eduction holf yeackxions.

- In a given odjocent pour of species, Hthe left hand species s Feduced o dmm7~. hWand

species.



+\-2V

Clo, ——> C10, ———> Hao,

Cl=<7 +5

— Reduction half —veactions Por diffevent Totaliom (chamge) show in  his ﬁu_mpwdnﬁs

mﬂcmj be\oLa-

Learn Chemistr

+1-18V +1-65Vv

Y
r

+3

Online
- Exovople i~ () Lotimes of.o.m.qﬁg for chlowive in acidic  Solubhon,

+1-67V

HClO———>

*\ ]

Clogy + 2Rt 4287 —» cio7 + H,O, E°= +l-20V
Clog™ + BH*Y +2e° —— HClo, + HO, E® = +1I-18V
Hclo, <+ 2Rt <+ 2e~ —> HCIO0 + H,0 E® = 4+ (-68V
ZHCIO0O + 2Kt 2860 — Cl, + 210 | E®° - 41)1-67V
Cly * 27 —>2C\"  F=- 4136V
® Labtimex diogram Jor Oxygen
Q, Ssvev WO, eV H,0
0=0 -\ -2
— Reduction half - veactions ove
0. + 20t 4+ 2 —> H0, , E = +0-70V

M0, + 2HY + 267 —> 2K 0

]

E°= +1-7¢ v

aj &
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of disp podsthonation Feaction,

1) o redic t e  4eq by | D
_ - 3 A a ol LA BRI L dd A n_"s o,

- Cconsidey o Labimes n__.Or&d‘o.ﬁ:. of Metal (™)

M¥? s MY —y Mm°
M= +2 + | o
with +he  help of Latimer diagram we cam predict that MT Lill digpvoportionat
s M** ond me  ov not.
Dispwoportionation of M* nto M amd MO can be wsithkn as.
omt — @ m*?* 4 M —
M = +| +2 o
— The haf -reaction of Latimerw mﬂPmaﬁo;m is .m..ﬂma belswo
Mm¥r 4t e- —s mt  g°

, E — W

— 4] ° e
pMF + e — ™M E EL, — @

U

xeackion @ cam be ocbhtaunred _DM. m..CrfuTﬂOnrwSN Y eacht sn @ v o J.mo.pﬁ.ﬁ..g@

o

- ®
(Wtre) —(@M4e) = MOom*t B0 s EI-E
or Mt ae- —MY: _o— = Mo - T s E° = mM lmn_..

o¥ 2M* = My M B =eh-e — @
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— ODispsoporHonation weaction @) s ﬂs.m Leasible wWhen (ES-E°) is positive amd ﬁWMlmnﬂv

will be positive only Lohen
o = &
E,s > F el moz_d_.so > m?__t\__....__._.
This  dfscussion shows that o Species given in o |otimer diagramn will disproportionate
into its oo adjacent ﬁm”m_...an.rrdmu i B° value of vight side Species is _.J...w__...m... than
E° value of left side species.-

o™ | . =5 ’ ) -
(2) To calcwlate = valde .mﬁ,_ﬂ. v _AH NON— &u¢ auﬁ ce .J._,. SOLpie &2

- This can be céﬁugsm on the basis of .ﬂo:o&#sm example —

@ Colculate value of E® Jor the veduchion Fet3? o Fe’ using .ﬂo:ocu.dﬁm latiwex of.,o..wﬁﬁg.

F OV —0- 44N
_—l.ﬂ.fw > Fe ul._. B Bk Tﬂ

Fe=+3 2 =




Selublem -

- The

Fet?
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The w.,smj np\.PMAQhJ cam be
+ 0771V —O0-44\N
y re2t Fe®
Aln| = =N\ FEY AP, = =N, FES
M= |

=4

il

Value

ot AG® e the

=

on mvc.wijm values of

(=]

At = — (0,40, FE®

N, &N, = mo. of e- Tvvolvead in hol\fF Yeactions

showsn ab

sum of AG® omd AKS

DCP = DG 4 AGT
owv —@@AMIFE® = —m FE% + (-N,FE%)
o€ — (nn,)FE® = — NFE® — N, FE%
oo —(nvg)FES = —F(MESH NED)
o (NAN3)ES = "M EP + MES
oo T™ERL+ MES

.NJ-.TSP

| % 017 + 2 X(-0.44)

NNy ,EP and m% .EFM&.W

I+2

0-771| - 0-330

3

IO-—O_U
3

AGP , DAL & NG = Standovd Ree enevgy change
for diffevent half ~eachions

-0+03¢6 V
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> Fyost Diagvaw -
- Fyost %9@495,_ alse known as an oxidation state diagram™ ov Fyost - Ebswosth n_,,Pm_dPﬂJw.
— Frost diogvam depict whethex o paxticula¥y species s a moom Ovm.n:m_d:m Pmmﬁ;p oY TYeduc "%

agent . The mFm.aﬁs also explains thot the oxidabtion gtole of an element {e staoble or
unstable.

— Considex o holf weackion In (oOhich o species X With oxidation MNumbey N is converted
into  its  elemental fowm ce- in zevo oxidakion State (o)

Xﬁzv+ Ne- >y %(0)
The -wedox couple Lor +his ~veducktion holf veackon 7= wzitten as KAZ;%A&.

— The Fyost nr_Du..niJ of an element % is  Liphe plot of NE® ﬁvd3=n¢ of 0.M. & Red- pote. E° )

fox the couple X(W)/x(0) n»ann_ﬁm.n the oXidation mumbes, N, of +he elehent X .

— We Kpow +hat

NG = =NFE® ®
hexe  AC® = skd Gikbs free energy F = Fovoday cewnstomt & stamdard electrode potertial
N = QO¥idotion Mumber of am eclement X .
=]
0% ks am.. = zm.o Il@




Learn Chemistry Online

~ Because NE® is propostienal to the standavd (ibbs free enevgy For the Convevsion of

the species %(N) to the element de-x(0). So the Frost 9.0.@4&3 cam also be ,..mmnﬁ\mﬁm
as 6 plot of standoavd Gibbs free enetrgy Pa.&jm* oxidation mmumber.

Exomple:y Dvaw the Frost nr,o.md% fvorn the .ﬂo:oE,Sm lati mex diagvram.

+0-70V___ +1T76V |
Oa ¥ W > 10 0, (0,0)
0=0 -1 e’ ot ﬁ...__lG.lx.Uv
— Caleulate E° For all couples \a Ivo\h\
- =}
® €0, /0, +0T70V (Given) @ T 1o, /H0 = +1-76 V (@iven) e
@ — - n, e+ ﬁvmw - 2% 0+70 + 2X 76 L 1 v Volt
OP\IP JJ__..-.JJul 2Te “ a2t h b
S -2, =246
—~ Coalcwlate NE® for  the ho:cco._Sm couwples Ha ;
L L
x(n) /x (0) couple N E° NE® . = o
0, /02 0 o 0 oxidakion Nos(N)—>
H,0. \GF - 4+ Q.70V - 070V ngi- Fevst _.uh_..,ﬂ.:.,._ll Loy OxYFeN n

q \ C e f— _.. WLWTY)

INO\DN -2 +1-23V 46 V o
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¥0st diogramn~a
, ) Nne.

() T™e element has wost stable oxidation sStote

in  that species
which occupies lowest

position In Frost &.;DM%%. (&g )

@ The slope of the lipe .,..o..S._}m. any two points in a Frost &,:Qm,qﬁs

is equal to the Standavd potential of the couple fowmea U.m the

two species —+hat +he poivt ~epresents. ( 4__.4m 2)

@ Toe Steeper the line .._o,_i_:.m two points (fom left to d._,&Z..uﬂj a
Frost muﬁﬂdﬁg~ the higher +he stnvdard ?Drﬂsﬂng of +ne

covres Ppending cuwve (f3.3)

@ Tvre Ox..m..m._jm agent In +he couple is with woce postive Slope mﬁ.o...n
positive E®) is |iable +o c_:.&mumo veduction amnd The .‘..m.mc_n.._:m nvmmsn
of the g_..m with \ess ﬂOm...T.(.ﬁ m;oﬂum C4he m ost 5m@0¢.‘<.ﬁ. mov is

[feble to _r__ﬁmm,..@o oxidation . ( g +)

NE

i

NE

Most stable
axidation

| stata

[ o\

!

Cwidation aumbar, N

NE™

?.n‘,

L N i
Oncidation numbar, &/

Higher
standard
patential

Lower
standard
tial
poten _nf..
(a)

. Oxidation number, N

Reduced __
g

Owidlizad

-

w "

Oxidation number, N
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@ A species in a Frost n_:,OmJ..ﬁ«j_ is unstable with yespecr +o nﬁm_&dvo.qIU‘jOiaj i~ its point

lies above +he line PDﬁﬁmn.ij. the two odjacent sgpecies . (on a convex cuvve), (Fa

-

| Tends to
disproportionate ;
=z
7 € (d)
Oxidation number, N Oxidation number, N

® e two species Wil tend to comproportionate inte  an  inteimediate species that

lies below the straight line joiring  the texminel species . (on o Concave <cuwve:) (a3

"

_
Tendte -— _
comproportionate “

NE®

_ ;
% # mNc _Smw:.
L AG< D
|

@) (f)

Oxidation number, N Oxidation number, N



Learn Chemistry Online

\__.
-2 r / .
Yuo (-2,-2:46)

1 L] A
O -2 - o

oxidation No-» PZJ -
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- Pouxbaix |&_.mru;ﬁw.m,_.., vy

= Pouvbaix %Dmdgﬁ is als0 Known as E-pH diagram o¥ Potential-pH ov¥ Predormm inance area n,‘__.pm,nn;.

— The u..n_.mﬂo_i,wm weve intrvoduced GM Mavcel Pouxbaix v 1938 as a convenient 89& of

discussing the chemical properties of species in Vatusal waters ond l?nm ove va.qin;_ni“

useful in envivonmental and coxxosion science.

— A Pouxbaix diagvam indicetes +he conditions of pH and potential CE) under (ohich o

Species is wsmg&djngﬂﬁ_.m stoble .

— A Pourbaix diagram has potential o¥ clectyode potentiol (E values) on a+ax‘,m ( o¥dinote)

and pH on X - oxis (abscissa).

— Positive volues of potential Tndicates m*..nn.jnw Oﬁ_.rwwm._ﬁ..& D..Nm_.,¢
and 5mwomﬁm value of potential ndicates w¢uo.5m veducing
a._mmﬁ?

- stiong acids are 1o the |eft Clow pH) and Strong bases ave
to the ¥ight Chigh pH) of % - oxis.

+>  FPouvbaix diagvam of IxonN:»

m_mn

&

_,Im

e(v)

-NE

=
>

pH

x

Pouxbalx &Ai a.gYom

= The Pourboux diagramn of ivon ~Yepresents the ..w#ﬁ.ﬁ_.:wm vanges n tevms of potential and g

for species such as Fe'™  fFe'*, ﬂnmoxgu , Fe(oH), e¥¢c.  founa W™ Notural wWalers.
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— Some veactions of ivon occuxing in Maturval watrers ave dissused c
be\ow S
n : ; ' - +0.8
(D) The +o___oﬁ,jnm veduction half weaction con be considewed -

Fe®(0q:) + e~ ——> Fe** (aq), E = +0-77v (Redox
) veaction)
Since +this wveaction does not involve HY jons, So +the

potential of ihis ~veaction does ot depends on pH ond hence
covvrespsnds to Horizontal line AB in the n__.,nrm.u.g. This line is +he

_uocﬁm.p,..m_ line for oabove which Fet?® ave vnojor spedes and 0.4
below which Fe*? oxe Mojo¥ species. | IS
. Followin YCactHion Ynat be copsid r A — 0.8 S _ I .
g o BN J d — . 0 2 4 6 810 12 14
Fe**(aqg) + 3H,0(1) —— Felon);(s) + 3Ht (aq) mu......._n.l .ﬂ.mmw oH
eaction . )
Fe =43 H=+I\ Fe=+3 Be) ‘ ﬂ.m" - Pourbaix nfom.qo%} {ov Yvan

This Yeackion is Mot & ~wedox Yeaction (Hneve is 1o change in  species in matuval Loters
OXidation Mumber af any elemewnt) , so this veaction is potentiad independent and +hevefove
is vepresented by vertical line BC n +he l“.n.,ma..nss. However +his gcrﬂbo.u.m does depena on
pPH because veacktiem involves H* ians. Fet?(aq) fpvoved by low pH amd Felow), (=) 1s fovoured
by high pH: TIn other words, to the |eft Side of Verbical line Fet*(ay) jens ove MSPY species
and to the ight side of vertcal _ummo:uun& is +he Mol species.
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@ Reductien of FeloH);(®) to Fe**(aq) can be consideved as

Covnbiration _— -
Ht = “*3 . of vedox+ 24
Fe(on)y (83 +8HY + 87 s Fe™ (oq) + 30 ()] L 2 e +o.m__imm_i_
This ~veackion s pH dependent. As pH inczeases 4he potential | .
continue 4+ dw¥op. The slopy line pp 5= _uocﬂmn,.m— line for Fet?*(ag) +0.4 h H
and _”mmozw (s). >
: _ . i o
@ let us Consi\dex the hﬂ__aigm_ weaction.
Fet* (aq. Felow),(s) + 21t (aq,) (acid-base
e**(aq-) + 2np(4) —» Felow),( (aq-) hqmnnmq&
This veaction s pH- dependent but not & Tedox weachon. -0.4 _
The vevxhical line DE s 0055&9.-& line for _ﬂn.;.mn_jnv amn a ﬂnho_if.ﬁm.u. . L ”. i
, ——— Y — Ty binetim]| 0.8 L )
® we way consider the following yedeson pos i e 0 2 4 6 810 12 14
Fe(on),(s) + H*(aq-) te~ — Fe (0H),(5) 4 Ha0 (1) | ncid base oH
Thic is pH -deperdent weackion. separtion of +hese +wo Figi— Pourbaix diagryam for Tvom
species (s given _um lirne DFE. Species In maturval Watews

— o sleppling line  CnH Cupper line) and I3 (lower line) ndicate boundaves For the m—d.._u.,:.om\
tield of wotes: IF E value is wowe positive Hnon Lppex line Hiem H,0 will be oxidised +o
0, ON +he other hand, (£ E 1o less than the lowew line +hen H0 Wil be ~veduced to H, .

- I+ is cleay *that all couple ~vepresentin g vedox veaction W water Jall within the wgr.;.;.&
feld of water, i-e- MO gpecies can oxidise or weduce H,0.
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Princi _Hu es inv olve ﬁ,,. i) 4 Nne eXprac Heon O b

the elements 15

— The Methods used fos the exkraction of elements fvom {heiv oses depends 459..3& oV the

psopexties of the elewments to be extvacted owd chemical composition of the aves.
— The O¥es which asxe gomIm used ave oxides, carbonates, mF:aTﬂmmm , suiphates halides
etc. Tne ,:Jm.*n.:ca‘mwnn. principles for the

extractHeon of 'metal
&._q.ms below -

frorn obove Seid orves ove

M Oxide o%¥e -2 Metals like Fe,Zn, Sn Bi, Cv M ete

can occuv as oxides In mature.
These metals owe obtained _um .q.wmﬁn.”:m theix oxides Ore _u& ceuitoble #&En.?..m agents .
3 Fe, 05 + 3C ﬁngqnop.v —2. 5 2Fe 4 3co

ZaD + € ——> Zn+CO

Sn0, + 26 — 5 SN+ 2C0

Bi,0, + 3¢ ——> 2Bi +3C0

i) Chold - Schmidth ~Thewrnide processid The wetals which ave ¥Yeacts wWith corbon at weduckion
temp- ave Obtoined by Jl.mc.....jm Hheir Oxides with Al powder-

Ce,0, +2AI — 20+ + AP,

aMn,0, + 8Al — SMn + 4AID,
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(i) Al can be oObtained _om m_mn_s.of_.h_h Yeducbon of alumivna.

.. -
Al,04 ﬁm.o_r—ﬁo,:v Townisat on > 2 AL+? 4

duction
At Cathode w),‘.w 4 o8~ F 2A)

i 4. =
A+ Anode 30" »35 0, + &€

e - ] i —n -
(2) Carvbonote Ove -
/. .l\‘ -

Caxborote ove Ffivst heoted to copvert them jnto oxides . Oxides Haus fovmed awe

yeduced to metal Using o bove discussed Tnethed-

ZnC04 — & _STZnO T COa

PbCO, —=—> PbO + COa

2

@ Sulphide O%el?

air to corvert +hem into oxXides which s +hen yeduced to ¢et roetml

Examplie
() Zzns CZinc blende) is heated in supply ab adx

2ZnS + 30, — 2Zn0O + 2S0,

SN0 S < =% ZIn+CO
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(1) CuFes, (copper pyvites) <

«NQQBI.JN
2CuFes, + © 2FeS + =
- * (oxidatien) i,
Mixture
2FeS + 30, > 2FeQ + 2503
2 CuyS + 30, 5> 2Cu,0 + 2593

FeD (s <wevnoved Jd hﬂ&.ﬁ..:m ferrous silicate vd dﬁn.ni.ﬁm wth silica

FeO + Si0, ——> FeSi0s

Cup Teacts wWith unveacted (unyoasted ) Cu,s Yo give Cu

2CuP + Cu,® —> GCu +S0,
Cu,© on alse ~veduced o Cu. by Cowbom
Cud + € — 2Cu +C0

(i) Imm Ccinnabax) is heated in oix +o get zm.
HgsS + 0, 25 Hg + S0a

® Holide ove >
(1) Wotes soluble olkali wetadl amd alkeline eawth wetal haides ove
halides ave n_mnw.-iﬁh&m to m&.. wWietal .

el

very stable. Such
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2 NaCl Jovisatian _ aNat 422V
- oxidation B
At anode 2 ¢\ «T i, *2e
et
At Cathode 2 Not + 2e~ e — N

ih Hown silver (AgCl, insoluble) is  treated fixst with NoecN +o obtaiw a soluble complex.

Agtl +2NacN > Na[Aglen)]) + NaCl
Soluble complex

soluble complex (s kreated With Zn 4o gt silver yatad.
2 No m)@Anva 4+2Zn —> zopwushnz,su + 2R3
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