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1d ion-electr

,., 
: 
.-j1!_.1_!1,9l_!a:1,,,:1,1i:,:'',|:.i]ii,':li:l1i,jo+j,,-,Ii

In the previous uni! wehave sitdiednantmliza-
tion reactiots in which H+ ions ftom an acid (HC[
H2SO4, CH3COOH etc.) combinewithOH- ions of
a base (NaOH, Ca(OH)2, NH4OH etc.) to form a
salt ard weakly iodzed moleculas of water. In this

examples of redox reactions, Before we discuss these
redox reactions in detail we must be familiar with the
concepts of oxi&tion and reduction.

-' fj_!:!i""-R".1,,,.,, -. 
_ a 1.r.. j rar Con..pf ,,,::,r::l

92.1. Orddation. According to the classical
concept,

ol ltydntgen or any oher electmpositive eleme4t.
For example,
(i) 2Mg(s) + 016) ----------.' 2Mso(r)

Q4ddition of orygen)
(ir) Mg (s) + Ct G)......- rvrecrz (s)

(Addition of electnnegative element, chloine)
(,,r 2n S G) + 016)......+ zs(s) + 2Hroo

(Removal of hydrogen)
(t)4@d+Hro(O+orG)-

zKoH(aq) + I2(r) +or@)
(Removal of electmpositive element, potassiunt)

-. _In all these reactiotrs, the compound under-
lined has undergone oxidation.

. 922. 
. 
Oxidising agent or oxidanL According

to the classical concept,

Ar oddlsiDB agrrl or of,ila[lit a srt'/la*euhtch
ot arr! oth?r elaroiwgtitc eb-

For example, orygen, chlorine and ozone in
reactions (i) to (iv) listed above in Sec. 92.1. are

9t7
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Mg (s) + F, @) "'-"' 2MgF2 G)

4HCl(\q) + MnO2(s) -"-"'
Mnclr(4q) + Cl2G) +2I[2O(I)

Hror(aq) + zKr@Q """-'.' 2KoH(44) + I2(s)

zKMrlOa@q) + 10 FeSO4(cq)+ 8H2SOa(aq)

-""'-'' 2MDSo1(4g) + Krso.(aq)

+ 5Fe"(So.)3@q) + 8H2O(0

K2Cr2o7@q) + 3So2G) + H2soa(aq) -"""'+

Crr(SOa)r(aq) + KrSOa(cq) + H2O(0

lOHNOr(aq) + Iz(s) ....-
10NO2G) + zlIlor(aq) + 4H2o(0

923. Rerluction. According to the classical

concept,
,:;#,

or dnY

othet ebeionegatiy e element'

For examPle,

(D&G) + H2sG) -""'4 2I{BrG) + s(r)

(Addition of hYdrogen)

Q)aHsct|(ad + SnClr(aq) ---
Hcrct G) + Sncl(aq)

(Addition ol elecnopositiw element me'€u'y)

(ui) cuo (.r) + Hr@) "'-'-''cu(r) + Hro(0
(Rsnovol ol ocleen)

Gfl aFecto 1n1 + So2G) + 2}r2o(t) 

-zRe3l2@$ + HzSOI(4q) + zHCJ./oq)

(Remova! ol clcctonegttive.
clcnenl chloinc)

In alt these reactions, thc compound under'

lined has undergone reduction'
92.4' Rrdiclng agprt or rcduclrrL Ac'ord'

ing to the classiel concePt,

Cuo (s) + C(s) .......-. CoG) + zn(r)

Fe2or(r) + 3coG) ""'-"'2Fe(s)+3co2G)

Fero3(s) +Zal(s) ...-._.. 2FeQ) + Alror(s)

2KMnO.(ag) + 3HrSO.(aq) + 5HNO,( 4q) 

-K2SO{(49)+ 2Mnso{(uq)+5 HN or(4q) +3H20(')

925. Orklaflon'reductio[ rtactlons art

the following examPles :

(i) Resction betwcen ltydngen salphiilc and

chlorbrc
H2sG) + a&) 

- 
2HCl@) + s (s)

Herc, HrS is oxidised to S while Cl2k nduced

bHA.
(ii) Reaaion betn'cen sta$otts chMde and

mercwic chWde.
stC::@q) + 2Hgpl"(aq)-"'sncl.(a4) + Hgrclr(s)

Here, SnCl2 rs ondrs ed to StCl, while HgCl"

is redtced to HgrCl"

(iii) Reaction between manganese dioxide and

hydtochWic acid
MnOr(s) + 4IlCJ(aq) 

-M"Ar@q) + Cl2G) + 2HrO(D

Herc, HA is uiilised to Cl, while MnOris

,ehrced lo Mttch.

9.3. Oxidation and Heduclion-

A reducing agent or EductsDt Eay 
'? 

ddhed-as

a nbstanti i*icn supptla lEilmgclt ot aT olh2t

elcctropositite
other eleclron

dter curyiLg,
chembal reaclinn.
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other words, oxidation-reduction reactions are

This loss of electrons either iacreases the
positive charge or decreases the negative charge of
the atom or the ion. For example,

- (i) Loss of electtons resufis in increase in posi-
tive charge '.

Na........* Na+ + e-
Mg.-. M€* + u-

Fe2+ 

-.. 
Fe3+ + e-

Sn2+ .......- Sn4+ + 2e-
Qi) Loss ofelectrons results in decreaseinnega-

tive charge :

MnOo2- """""* MnOa- + e-

[Fe(CN)5f - -----------r [Fe(CN)5]3- + e-
zcl- + cl2+ 2c-

S2- ...........+ S+2e-

Fe3+ + e- ---.-_ Fe2+

2H{+ + 2e- .--. Hd+
sn4+ + 2e- "'- snz+

S€+ Ze- _.-...-) Sb3+

. (ii) Gain of elecffons results in ircaose in nega-
tive choqe :

Cl2 + 2e- 
-.... 

zcl-
MnO.- * e- .......r MnOl-

S + 2e- ...- , 52-
[Fc(cN)6f - + e- ..+ tne(o!5f-

kldation-rcductlotr as an electron.hansfer
process. We have discussed above that oxidation
involves loss of electrons and reduction involves

complementary ie. , they always go side by side or
hand in hand.This may be iUustraied by th; follow_
rng reacttons :

2Mg(s) + oz@) 

- 
2Mso(s)

Mg(s) + Fr(g) ...---.- MgFz(s)

Mg(s) + CIr@) -...- Mect(s)

Mg ""-----r * M€* + u- (oxidation)

lol + b- -....- IoF- Qedttction)
or 02 + 4c- .----- 2trO12-

The overall reaction may be written as follon6:

zMs: + | ii : L -------- 2 [Ms2+: ii : 2-]

ot 2Me+O2-

Mg: + [ ' Cl :1, ----...r Mgl+ [: Cl :-.1,

Ina
are trans
other, i.e.

redox-nactions may be regarded as electron-tansfer
rcactions in which the elec|orc an transfemd [im
one reaclant to the orier The substance which loses
electron is called a reducing agent while the other
which acc€pts the electrons k called an oridking
agenl T)lns

Oxidation may be deJined as a process in which an
stom or an ion loses one or more ebctront. Thd is

i

I
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Further since, reducing agents donate electons
to other substnac€s while oxidising agents acc€pt
eledrons from other substancqs, lherefore, ruducing
ggents are ele{,,ron donors whik oxidising apt*an
electron accrptors. ln other words, reducing agents
Xter reducing other substancqs thenselves get
oxidised while oxidising agents after oxidising other
substanccs thernselves get rcduced ia the process.

Let us now reconsider the two reactions (be-
tween Mg & O, and Clr) discussed above in the
light of reducing and oxidising agenrc.

In the reaction of Mg with Or, Mg gives

electrons to orygen which gets reduced to 02- ion
while Mg gets oxidised to Mg3+ ion. Conversely,
02 accepts electrons from Mg and gets reduced to
()2- ion while Mg gets oxidised to Mg3+. There-
forc, Mg is a reducing agent while O, is an oxidising
agent. Sitnilarty in the reaction of Mg with F, or
Cl2,Mg acts as a reducing agenl while F, or Cl,
behaves as at oxidising sgent. For further illustra-
tion, consider the following reactions :

Oxidised ---------I
(D HzS + 2FeCl3--.-+ 2FeCl2+2HCl+S

(Rctt\cing (Ondising A
agent) a#N) I

I R"du."dJ
Here, HrS reducrs FeCl, to FeCL while itself

gets oxidised to S. Conversely, FeCl, oxidises IlrS
to S while itself gcts reduced to FeCl2. Therefore,
HrS acts as a reducing agenl while FeC\ acts os sn
oxidising agent .

[-oxidised--l
(ii) Al + F%o3 ......., Al2O3 + 2Fe

(Red!/cin9 (oidisins nagcnt) ogent) |I p"4u".6____J

Here, Al rcduces F%()3 to Fe while itself gcts
oxidised to A[1C)J. Conversely, FerO, oxidises Al
toAlrO, whilc itselfgets reduced to Fe. Therefore,
Al acls os a reducing agent while FerO, acts os a,t

oxidising ogent.

From thc above discussion, we conclude:-

Oxidalion iJ a process in whith one or more
elcctrons ore losl.
Reduction Lr a process in which one or more
electrons qre gainad.
Oxlda[t rJ a substsnce which can sccepl one or
more electrons,
Reducant rs d sursrazce which can donale onc or
more elcclrons.

In a redox reaction, oxidant is reduced by ac-
ceptinq electrcns and rcductant is oidised by losing
elcclrot$.

Using electrcn trqnsfet idetiily
the oidant snd reductant fu the following redox
rcqchon.

Zn(s) + 1/2 Or(g) --"""'- ZnO (t)

(N.C.E.R.T.)

Solution. Each atom of zinc loses two
electrons to from Zn2+ while each atom of orygen
accepts these two electrons to form oxide ion
(O2-) as shown below :

], .-----_ ,r'* [,9,'-]
Thus, Zn acts as reductant (ot reducing agent)

ond orygen scts as an oxidant (oxidising agent).

zr,: +ll:o:

Using electron-transfer concept, identiS/ the oddant aDd reductant iD the following redo( reactions.

(o) zn(s) + zlj+(aq) - Znz+(aq) + uz@)

(6) 2{Fe(CN)6la- (a4 ) + H2O/r,q + 2H+ (oq) 
- EFc(CN)613-(zq) + 2Hz)(dq)

(c) 2[Fe(CN)6]3-(44) + 2oH-(4q) + H2o2@q1 
- 2[Fe(CN)6]{-(4q) + 2HzO(O

(d) Bto; (aq) + F;,g) + zou- (aq) - Bro;(as) + zF-(aq) + H2o(t)

(e) 2NaClO. 1ag) + tz@4) I 2NaIO3(aq) + cl2G)

(N.c.E.R.T.)
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oxirlants: (a) H+ (b) H2o2 (c) [Fe(CN)5]3- (0 F, (e) Iz

Reductanls r (a) zn (b) [Fe(cN)614- (c) H2O2 (d) Brot (e) Naclo3

9.4. classilication ol Bedox Reactions':+;irr;:'iil'::i':ii;:i'ii

All the redox reactious may be divided into
the following two tyPes :

,f#:,f,#;;#
rcactions' For ex-

'anple, - - -

(i) Displacement ofcopper from CuSOo solu-

tion when a zinc rod is diPPed in it.

(fi) Reduction of HgCl, to HgrCl, by SnClr'

(b) Inrlirect redox reactlots. Redox reactions

in whiih oidation and. reduction take Place in dif'
ferent vesseh sre called indirtct redox rcactions'

hhese hdirect rertox reactions form the basis of
clectrochemical cells'

9.5. Direcl Redox Reactions-Oxidation'
Reduclion Reactions in I Beaker "i:iir'+r:iiir'il:;ii1'iriilili

'fake a zinc rod and clean it well with a sand

paper.Now sulPhate

inibeaker A sPon-

taneous rea changes

would be observed.

(i) Zinc rod grailually stuns dissoling'
(ii\ Copper metal either sta,ls setlling st the

bouom of thi beaker or deposilinSon lhe zinc rod'

(iii) The blue colow oI lhe solution star.tt lading'
(iv) The reaction is *othermic s,td the solution

becomes hol.
(v) The solution remains electricolly neutral

througJlout.

Let us try to explain these observations :

In aqueous solution, CuSOn dissociates to

form Cu2+(aq) and SO!-(aq). When zinc rod is

dipped in CuSOo solution, the following redox

reaction occurs :

f oxidation (loss of 2z-) 1
zi1s1 + cuz* 1aq1 --- Zn2+ 1a,.)+Ctt1s1

ln this reaction zinc acts a reducing agent and

reduces Cu2+ to Cu metal by transferring two

electrons.
Thus. durins this redox reaction, zinc gets

oxidiscd to znz+ ions while Cuz+ ions get reduced

to coDDer metal. On the basis ofthis redox reaction,
all the'above observations can be easily explained :

(i) Since zinc is being oxidised to Zn2+ ions

which go into solution, therefore, zinc rod starts

dissolving.
(ii) Since each Cu2+ ion accepts two electrons

lost bv zinc. therefore, Cu2+ ions are reduccd to

copper metal which, in turn, settles down at the

bottom of the beaker'

MathematicallY,

Loss in wt. of zinc rod - Eq. wt. 9f zinc

Wt. of copper deposited - Eq. wt' of copper

325
31.75

(ir'i) Since the Cu2+ ions are reduced to cop-

ner metil. the blue colour of the solution which is

iue to Cu2+ ions slowly starts fading.

s ofits own,

it is and hence

AG therwords,
a certain amount of energy must be released in the

reaction which appears asheat and hence the solu-

tion becomes hot.

(v) Since each Zn atom loses two electrons and

ea"h du2* ion accepts two electrons, therefore, the

number of eleclrons lost in the oxidation half reaction

i-s equal to the number of electrons gained in the

reduciion half reaction. As a result, the solution
remains electrically neutral throughout

Simitarly, when a copper rod is placed in a

solution ofsilver nitrate in abeaker, we observe that
the solution againDeco
dissolving. This is apP
solution which was
chansins to blue due to thc oxidation of Cu to
Cu2+"io;. At the same time, Ag+ ions get reduced
to silver metal which in turn, settles down at the
bottom of the beaker [Fig. 9.1 (b)1. The overall
redox reaction may be written as follows :

LR"ao"tion (sainof?z-) _J t'
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;- 
Oxidation (loss of tu-)1

Cu(;) + 2Ag+(aq) ......._ Cu2+(aq) + Ag(s)

than rut ol Cuwhile electron donating ability of Cu
is mole ths.n lhat o[ Ag.

A large numbcr of redox reactions occur in

sum of two half rea ctiols - one involving oxidation
called oxidationhalfrEscflon and the other involv_
ing reduclion usually called rcductionhalf rcacdon.
To explain these half reactions, Iet us consider the
oxidation of aqueous potassium iodide byhydrogen
peroxide. This reaction can be divided into'lhe
lollowing two half reactions :

2t' (aq) .----+ t2 (s) + ze- @xidation)
HrO, (aq) + 2 e- ......- Z OH- (aq) (reduction)

tions arc simply added if
ost during oxidation are
electrons gained dluring

2r- (aq) .-----t l2(s) + ze- @xidation)
HrO. (aq) + 2e- ......., 2 OH- eeduction)

Ovemll redor reaclion :
2 I- (aq) + HrO, (aq) .......' Iz (s) + Z OIl,- (aq)

- This represents the net balanced ionic egua-
tion.

- Suppllog the required number of spectator
ions, the balanced redox equation is :

zKl (aq) + H7O2 @q) ------+ I, g) + ZKOH (aq)

but
spe
K+

. (ir) If the number of electrons lost during
oxidation halfreaction are different from the numf

duction half reac-
re multiplied by
two equations are
of the final redox

I R",lu"tio, (sain of k-) J "(i')

cu2* toNS
IN WATER

FINE PARTICLES
OF COPPER MEIAL

FINE PARTICLES
OF SILVER METAL

'|,,
FIGUBF;9.I. (a) Znc dirsolves to form Zn2r iors
wh.ite Cuz+ ions geI reduced to copf,er metal lrfiich
setflrs down in torm of finc padides at the hottom
of the heaker.
(b) Copper dissdves to form Cu2+ ions while Ao+iors get reduced to silver mptal whicn sc-tties ao',in
tn lorm ol ,ine particles at the bottom of the beakpr.

. In this reaction. copper acts as a reduces agenl
and reduces Ag+ l.o Ag mel.al by transferring-two
electrons-

Thus, we conclude that oidation-reduction
arc conplementary processes, i-e., one cannot occur

occurs simu oneously. In oher
t i; oidised ot the expense of the
ced.

It may be mentioned here that the role of a
substance to act as an electron donor or an electron

n oxidant
donating

in Eq. (i),
reversed.

Ag+ toNs
IN WATEB

--!
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equation. For example, cossider the
aqueous lerrous sulphate to ferric
aqueous acidified KMnOa solution.

MnOo- (ag) + 8H+ (4q) + 5e-

oxidation of
sulphate by

Overall redox equation :

crro2l- @q) + 3 so2 G) + 2 H+ (aq) '------

2cf+ (aq) + 3 SOl- @q) +Hro (t)
Supplying the required sPectator ions, wc

have

KzCrzOl @q) + 3 SO2 G) + H2SOa (aq) 
-KrSOo (aq) + Crr(SO), (aq) + H2O o

(v\ Reduction of nrcrcuic chloide to mer-
curous chloide by slannous chloide.

Sn2+ (aq)------- Sna+ (aq) + 2e- (oidotion)

Ht* @q) + e- I Hg+ (oq)l x z
Qcduction)

Overoll rcdox reaction :

Sn2+ (a41 + zHe+ @d--,
Sna+ (aq) + zIJg+ (aq)

Suppllng the required spectator ions, we
have

SnCl2 (aq) + ZHgCl2 @d 
-

SnCIo (aq) + Hg2Cl2 (r)

(vi) Self oxidation redl.ction oI Clzin prcsence

of alkali
Cl2 @) + Ze- , 2 Cl- (aq)l x 5

(reduction)

Clz @) + tZ OH- (aq) 
-

2 ClO, (aq) + 6 HrO (l) + 10 e -
(oxidation)

Overall redox eqution :

6Ct2@Q + 12 oH- (uq) -,
ro Ct' (aq) + 2 CIO; (aq) + 6 Hro (t)

To remove the common factor, divide the en-

tire equation by 2. We have,

3 Cl, G) + 6 oH- (aq) 
-

5 Cl- (aq) + ClO, (aq) + 3 HrO (/)

Supplying the required spectator ions, we
have,

3cl2@) + 6 KoH (aq) ....t

s Kcl (aq) + Kclot (aq) + 3 Hro (t)

t'/:n2+ (aq) + 4 HrO (/) (reductio )

Fez+ (aq) -- Fe3+ (aq) + e-l x 5

(oidatiou)

Overall redu reaction:

l/lrtoa @Q + 5 Fe2+ (sq) + 8 H+ (4q)

. Mn2+ (aq) + 5 Fe3+ (oq + aHzo (q

Supplying the required spectator iotrs, the
complete balanced redox equation is

KMnoa (aq)+5 FeSOa (aq)+4 H2SOa (ag) --'-
MnSO4 (4q) + 5/2Fer(SO), (aq) + 4 H2SO. (l)

To eliminate fractional numberg multiply the
entire equation by 2. We have,

2 KMnOa(aq)+ 10 FcSO4(aq) +8 H2SO{aq) 
-

2 MnSOn (o4) + 5 Fe2(SO.), (aq) + 8 H2o (0

For further illustration, consider the following
equations :

Qii) Ondafion of sodium thiosulPhate to
sodiun letrathionste by aqueous iodine

2 sroS- (a{) ""'- s .cl|' @q) + 2 e-
(oxidation)

l, (aq) + 2 e- '------t 2l- (oq) Qeduction)

Overqll red(N rcactio,t I

2Srol- @fl+r2@q) -..-. sro?- @q)+?r- (aq)

Supplying the required number of sPectator
ions, the balanced redox equatio is
z NarS2O3 (a4) + lz@q) 

-NarSoO, (aq) + 2 Nal (aq)

(iv) Reduction of acidified potassium
dichronrule by sulphur dioxide.

Crrol- @q) + t4 H+ (qq) + 6 e- '------,

2 CS+ (aq) + 7 },,zo (t) (oidation)

so2 G) + 2ld2o (t) ---)
Sol- (aq) + 4H+ + Ze-lx3 (reduction)
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FORiP.KA,efflep r,:
following redox 2. Split the tollowing redox reactions irl the oxidarion

and rcduction half reaclions.

(a) 2K (r) + ctz@) ......- 2Kcr (r)

(b) 2N (t) + 3Cu2+ 1aq1 

- 2Al3+ (aq) + 3Cu (j)
(NC.E.R.T.)

l. 1o1Zt- 1oq1-12@q)+zc- ...oxidation

Fe3+ 1aq; + "- 
- 

Fe?+ 1aq1[x z ,.Reduction

2Fe3+ 1aq1 + 2l- (aq) 

- 
2]r.:e2+ 1aq1 + trlaqy

...Overo ll re drx teac tion

(h) Ztt (t) 

- 
Ztt2+ (aq) + 2 e- ...(Xidotion

2H+ (aq) + 2 c- .+ Hz (g) ..Reduction

z^(s)+zH+ (04) + tu?+@ + HzG;
...Overull redta re ac t ion

(c) Al (r) ..* 1.tt+ 1oq1 + t "- ...Oxidation

Ag+ (aq'1+ c- '-Ag(r)lx3 ..Reduction

(a) Fez+ (aq)+2t- (oq)- 2Fe2+ (otD+tz@q)

(b) Zn (r) + 2H+ (04)- Znz+ (aq) + HzG!)

(c) Al (r) + 3eg+ 1ag1- AP + 
1a4; + :ag 1r;

(NC.E.R.T)

Al (,r) + 3As+ (aq) 

- 
Al3+ @O + 3^EO)
...Overa ll realox rcac t ion

2' K 1r) .......- K+ 19; + e- [x z ...oxidqtion

Clz@)+2e- + zct- (g ..Reduction

K+ (g) + cl- (g) 

- 
Kcl (,t) [x 2

2K (r) + ct2 G) 
- 

2KCl (r)

...Overa U redox re a c lion

(D) Al (r) .- A3+ @q) + 1 c- Ix 2...Oridation

Cu7+ 1aq1+ 2e-+ Cu (r)[ x 3 ..Reduction

2Al (.r) + 3cu2+ (aq) 

- 
2N3+ G) + 3Cu (r)

...O verall redox re ac ti on

9.7. Oxidalion Number

As already discussed, oxidation-reduction
reactions involve the transfer ofelectrons from one
atom or ion to the other. In case ofionic reactions,
it is very easy to determine the total rumber of
electrons trausferred from one atom or ion to the
other. However, in many redox reactions involving
covalent compounds, it is not so easy to determine
(r) direction of transfer ofelectrons and (r'i) number
of electrons transferred from one reactant to the
other simply by looking at the chemical equations.
For example, in the following redox reaction,

H, G) + ct G)*zHctG)
both the reactants and thc products are covalent
compounds. From our knowledge of chemical
bonding, we know that during the formation ofHCl
molecule, an electron pair is shared between
hydrogen and chlorine atoms and that electron is
not completely transferred from hydrogen to

chlorine atom. Yet in HCI molecule, Cl atom has
us there is a partial
from hydrogen to
can easily say that
lorine is an oxidant.

Similarly, in the reaction,
cH4 G) + 4F2 @)--+ CF4 G) + 4HF G)
CH. acts as a reducing agent and F2 acts as an

oxidising agent. With a view to identiry oxidant and
reductant by keeping track of number of electrons
transferred from ono reactart to the other both in
ionic and covalent compounds, and to help in
balaacing of equations, the concept of oxidation
number was introduced. Thus,
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9.7.1. Rules for asslgning Oxidation Num-
bers.

The following rules are applied to determine
the oxidation number of an atom in an ion or a
molecule.

l, The dcidalion number of all lhe atoms of
dfurent elenVnts in thei respective eiementary slales
and allotropic forms is taken to be zero. For example,
in Nr, Clr, Hr, He, Pa,56, 02, 03, C (diamond

or graphite), Br, , Na , Fe , Ag etc., the oxidation

number of each atom is zero.

2. The oidation rumber oI a nnnootomic ion
is the sa,ne ds lhe clntge on it. For example, oxida-
tion numbers of Na+, Mg3+ and Al3+ ions are * 1,

+2 and +3 respectively while those of Cl-, S2-
and N3- ions are -1, -2ar,d -3 respectively.

3. The oxidation number ol htdngea is -+ I
when conbined with on-melols snd is - I when
cbnibined wiih active mitaE calted mefiffri,ilrides
nat as Lin, KH,Wgryr; eary'e-tc.
" 4. The oidation number of otygen is -2 in

most of ils compounds, ercept in peraxides like
' HrO, , BtiOretc. where it is - L .Another interest-

ing'exception is found in the compound OF,
(orygen difluonde) where the oxidation number of
orygen is +2. This is due to the fact that fluorine
being the most electronegative element known ha-s

always an oxidation number of - I.
5. In compounds Iormed by union oI metak

with non-metals, lhe metol atoms will have positive
oidalion numben and the non-metals will have
negolive oidation nurzbers. For example,

(a) The oxidotion number of alkali metals (Li,
N4 K etc.) is always + 1 ar 7 those of alkaline eaah
ntetals (Be, M& Ca etc) is + 2.

(b) The oxidation number of hologens (f;, Cl,
Bt; I) k ulways - I in metat halides such as KE
AlCl, MgBr, Cdlr. etc.

6. In compounds formed by the union of dif-
ferent elemenls, lhe more elecEonegative otom will
have negalive oidation rutmber whereas the less
electronegotive qnm will have poitive oxidation
numben For exzmple,

(a) N is given an oddation number of -3
when it is bonded to less electronegative atomasin
NH, ard NIr, but is givcn an oxidation number of
+3 when it is bonded to more electronegative
atoms as in NCl3.

(D) Since fluorine is the most electronegative
element known so its oxidation number is always

- L in its compounds i.e. oxides, interhalogen com-
pounds etc.

(c) In interhalogen compounds of I Cl, Br,
and I ; themore electronegative ofthe two halogens
gets the oxidation number of - 1. For example, in
IF7, the oxidation number of F is - 1 while that of
Iis + 7. Similarly, in BrClr, the oxidation number

of Cl is - 1 while that of Br is + 3.

7. In neutral compoun^, the sum olthe Nida-
lion numben of all lhe aloms is zem.

E. In comples ions, the sum of tlrc oidation
numbe$ of qll the atoms in the ion is equal to the
cho,ge on the ion.

With the help of above rules, we can lind out
the oxidation number ofany elenent in a molccule
or an ion. Metals invariably have positive oxidation
numbers while non-metals may have positive or
negative oxidation numbers. Tlalsition metals
usually display several oxidation numbers. The
highest positive oxidation number for s-block ele-
ments is equal to its group number but forp-block
elements it is equal to group number min*s l0
(except for noble gases). However, the highest
negative oxidation number forp-block elements is
equal to eight nrinzs the number ofelectrons in the
valence shell. In other words, the highest positive
oxidation state increases across a period in the
periodic table. For example, in the third period, the
highest positive oxidation number increases from
+ I to + 7 as shown below :

Na+ (+1), Mg2+ (+2), Al3+ (+3), si (+4 as
in SiCl., SiO, etc.), P ( + 5 as in PF5 , PaO,o etc.), S
( + 6 as in SF6, SO3 etc.) and Cl ( + 7 as in ClO, or
CIO.- ion).

As stated above oxidation numbers are also
called oxidation states. For example, in HrO, the
oxidation number and oxidation state of hydrogen
is + l while that of oxygen is -2.

We shall now illustrate the use of above rules
in determining the oxidation numbers and also for
identi$ing the reductants and oxidants in redox
reactions.

l,lx-{i\l PLtt 9.2. Calculs,e the uidation num-
ber of (i) S in HrS, (ii) C in CO, (iii) C in CHzClz,
(iv) N in (NH).SO|, ft) Pb in PbrOrand (vi) P in
NarPOo.

L
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Solutio!, (i) S in HrS. Lct the oxidation
numbcr of S in H2S be x. Writing the oxidation

number of each atom abovc its symbol,
+l .r

Hzs
(. Oxidation number of H is +1)

Sum ofoxidation numbers ofvarious atoms in
H,S

= 2(+1)+x= 2+x
But the sum of the oxidation numbers of

various atoms in H 25 (neutol) is zero (Rule 7).

-'. 2+x = 0 or .t= -2
Thus tlrc oidotion ttumber of S in HrS is -2.

n (il) C in CO2. Let the oxidation number of C

in CO, be .r. Writing the oxidation number of each

atom above its symbol,
x -2
coz
( .' Oxidation number of O is - 2)

.'. Sum of the oxidation numbers o[ various
atomsin CO2 =x+2(-Z)= x-+

But the sum of oxidation numbers oi various
atoms in CO, (neural) is zero (Rul€ 7).

:. x-4= 0 or r= + 4

ThL.s the oxidqlion number ol C in Cozis + 4

r (iii) C in CH2CI2.Let the oxidationnumber of

C in CHrCl, bex. Writing the oxidation number of

cach atom above its symbol,
r +l -l
c H2 cl2

(. Oxidation number of H is +1and
that of Cl is - 1)

.. Sum of the oxidation numbers of various
atoms in CHrCl, = x + 2(+ 1) + 2(- 1) = r

But the sum of the oxidation numbers of
va r io u s atoms in CHrCl, (neutra l) rs zero (Ru le 7) .

.. -r=0
Thus, the oxidatton rumber of C in CH2CI2 is

zer(t

r (iv) N in (NH.)2SO.. Let the oxidation num-

ber of nitrogen in (NHo)rSOo be x. Writing the

oxidation number ofhydrogen above its symbol and
that of SOI- ion above its formula.

(. Oxidation numbe r of SOI- is -2)
. . Sum of oxidation numbcrs of all thc atoms

in (NHo), SOo

= 2x+2(+ I x4)+(-2)= 2x+O
But the sum of oxidation numbers of all thc

atoms in (NHa)rSO n (neutral) is zero (Rule 7).

.. 2x+ 6= 0or.r= -3.
Thus the oidation nunber of nittogerr irt

(NHo), SOo is -3
, (v) Pb ln Pb3O.. Let the oxidation number of

Pb in PbrOo be .r. Writing the oxidation number of
each atom above its symbol

x-2
Pb: 04

( . oxidation number of O is - 2)

.'. Sum of the oxidation numbers of all thc
atoms in PbrOo

. = (3).r+ ae4= 3v-s
But the sum of oxidation numbers of all the

atoms in PbrO, (neutral) is zero (Rule7).

.. 3-r-8=0or -r=8/3
Thus the oxidotion number ol Pb itt PbsOo :

E t3.

(vi) P in NarPOo. Let the oxidation number of

P in NarPO. be.r. Writing the oxidation number of
each atom above its symbol,

+1 r -2
Na, P On

( . Oxidation number of Na is + 1 and that of ()
is -2)

Sum of the oxidation numbers of various
atoms in Na3POa

= 3(+1)+r+4(-2)=*-s
But the sum of oxidation numbers of all the

atoms in NarPO. (neutral) in zero (Rule 7).

.. -r- 5=0or r= +5
Tllus the oxidation tumber of P in NarPO. t-t

+5
) \i 1t\u,!.1' ,t t. Calculate the oxidation num-

ber o!
(i) N itt NOt ; (ir) P in H3P2O; (iii) C i,t

Col-, @) Cl in Ctoo antl (v) Crin C4ol-.

/r+r\ -z
(N n. J, so.
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(i) N in NOl. Let the oxidation

number of N in NOI be.r. Writing the oxidation

number of each atom above its symbol.

.'. Sum of the oxidation number of all the
atoms in NOr- ion = .r * 3(- Z) = x - 6

But the sum of oxidation numbers of all the
atoos in NOr- ion is equal (o the charge present on

it, r'.e. - 1 (Rule E)

.'. r-6= -lorx= *5
Thus he oxidation number of N inNOl is +5
(lI) P ln HrPrOr- . Let the oxidation number of

P in HrPrOr- be.t. Writing the oxidation number of
each atom above its symbol.

+l ,-2
H3 P2 ()7

(. Oxidation number ofH is + 1 and
that of O is -2)

Sum ofthe oxidation numbcrs ofall the atoms
in HrPrOr-

=+1 x 3 + 2(x.) +7(-z)or 2x-17
But the sum of oxidation numbers of all thc

atoms in H3Pz 07- is equal to the charge present on

it i.e. - 1 (Rule 8)

-. 2x- 11 =-1 orx= +5
Tltus tlrc oxidqtiort number of P in H3P2O7 ,s

+5
(iii) C in COI-. Let the oxidation number of

C in COI- be.r. Writing the oxidation number of
each atom above its symbol,

t-2
c()3

.. Sum of the oxidation numbers of all thc
atomsinCO]- ion = r+ 3(-Z)= x-6

But the sum of oxidation numbers of all the
atoms in COI- ion is -2 (Rule 8)

.'. x- 6: -2
or x= * 4

nrus he oxidotion stqte of Cin COrz- rl +4
t (lv) Cl in ClOa. Let thc oxidation number ol'

Cl irr CIO; ber. Writing he oxidation numbers o[
each atom above its syrnbol,

t-2
cl o1

.'. Sum of oidation number o[ all the atoms
in (ilr), ion : r + 4(- 2) = ,r - g

But the sum of oxidation numbers of all the
atoms in ClOo ion is equal to the charge present

on it, i.e., - I (Rule ll)
..x-8=-1 or x-+7
Thus the oxidation number of Cl in ClOo is

+7
, (y) Cr in Crrof-. Let the oxidation number

of Cr in CrrOl- bex. Writing the oxidation number

of each atom above its syrnbol.
,_2

cr.- o,
.. Sum of the oxidation numbcrs of all the

atoms in CrrOl-ion = 2(x)+7(-2)=la- 14

But the sum of oxidation numbers of all the
atoms in CrrO]- is equal to the charge on it, i.e.,

- 2 (Rule E)

.. 2x-74= 2 or x= 6

nus he oxidation,rumber of Crin CrrOl- ion
i.v *6
* tlXANfi'Lll9.1. Whatis the the oxidqtion num-
b;et bf nrctals in (i) lFe(cll)5la- ond (ii) Mno; ?

(i) Fe in [Fe(CN)6]'-. Let the

oxidation number of Fe in [Fe(CN)ula- bex. Writ-
ing the oxidation number of each atom above its
synnbol and that of cyanide ion above its formula,
we get

r-2
Nor

r -1
Fe (CN)6

.'. Sum of oxidation numbers of all the atoms
in [Fe(CN)5la- = .r + 6(- L) = x - e

But the sum of oxidation numbers of all the
atoms in Fe(CN).la- is equal to -4. (Rulc E)

:. x-6: -4 or x=12
Thus the oidation number ol Fe in

IFe(CN)51'- r:r + 2.

(ii) Mn in MnOt. Let the oxidation number

of Mn in MnOn- be r. Writing oxidation number of
each atom above its symbol, we get

o4

, eL'l'

tl

luulall-+

Mn
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.'. Sum of the oxidation numbers of all the
atoms in MnOo- = x+4(- 2)=x-8

But the sum of oxidation numbers of all the
atoms in MnOl- is - 1 (Rule t)

.. x-8 = -l
or x= +7
nlus, the oidqtion number ol Mrt inMnOo is

+7

iir,1E l.tri,$f#rs*sf",Ei,ti+8",*+tlii4s,,I0.J1i.-+sEHf.*.+.rt1ij1rt++ils1.,+;i:,ifl1:.1itijiti,+ili:i:ilti:i:i:il i:tJ\.t .

;h. D.,-'"T,:.Q' ,IJ."..R.K'N t
l. The o.N. of c in its \rarious compounds containing only H and o atoms c€n be qsily-calculated by the

application of thc following formula : ,H ( l) + noe 2) + n. (O.N. of C) =0 or O.N. of C =
no(2) - nHO)

where rH , n0 and zc are the number of H, O and C atoms in the given compound. For emmplo,

Compound ,IH ,to r,C
6.tr1o1g - "o (2) -'x (l)

nc
cHl
9Ho
QHr

cH3oH

9Hz
cH2o

HCOOH

4

6

4

4
1

)
)

0

0

c

1

0

I
,,

1

)
1

,
I
I

o(2)-4(1)/1=-4
oQ)-6(1)/2=-3
o(2)-4(1)/2*-2
1(2)-4(1)/1--2
o (2) - 2(7)/2 = - 1

t(2)-2(1)/1=O
2 Q\ - 2(1't/1= + 2

nc

r:i l. Ifa comPouDd cootains two or more atoms ofthe same element, the O.N. determined by the application of
the ab@e rules is oDly an average of the o.N. ofall the aroms present io the molecule. f6r exaniite, o.N. of
Fe iD F%oa (magnetic qide of iron) is 3x+ 4x -z-o or x= +8/3. similarry, in ferrifirrocyanide,
Fe4 [Fe(CN)6]3 molccule tho average O.N. ofFe is 7r+l8x-l=0 o( x=18/.1.
The aclual c0ddation numbers of indMdual atoms crn, horet/er, be determiDed if the stoich iometry or the structu re
of the compound is kno$m as disqrsed uDder Additional Useful Infonnation for Cornptitive Ex;nination.

"RA?LEMS 
FaRiP- I],CE

l. Find the o(idatim number of the elemcnt in bold
iD the follo$dng species :

O SiHl, BH3, BF3, SrO!- BrO.- and HrOo2-
(N.C.E.R.T.)

(u) Pbso4, u2or-, B.o?-, crol-, rqMno..
2. Determine lhc midation numberof C in the fo ow-

ing :

qH6, ClHlo, CO, CO2 and HCOt. (N C.E R.I;
3. Detetmine the oddatioo number of O in the fol-

lo iog :

oF2, Na2o2 and CH3cooH. (N.C.E.R.T.)
4. Find out the crddationoumber of CIio HCl, HCIO,

5, Find out the cxidation number of sulphur in the
following species :

(NH4hsol, H2so1, s2o42-, szo?-, Hso3- and

r{so;. (N.c.E.R.T.)
6. Dctermine the oddation number of all the atoms

in thc following well known Gidants
KMnO., KrCrrO, and KClOn. N-C.E.f.T.)

7. DetormiDe the change in the oddation Dumber of
S in H2S and SO2 in the following industrial reac-
tion :

2H2S G) + so2 G)- 35 (s) + 2HzO (J)

(N.C.E.P.T.)CIO;, CaOCl2 aDd Cl02. (N.C.E.R.T.)
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1. (,) si = - 4 insiHo, n = - : in n{ I *1,,*
BF3,S = a 2inS2O3-, Br = + 7in BrO; and
p=+5inHpo?-,

0i)S = + 6inPbSOa, U = + 5ioU2Or-, B = +
3 iD B4O?-, Cr = + 6 in CrO?- and MD = + 6 ir
K2MnOa.

2. O.N. of C = - 3 in eHe, -2.5 in C4Hr0, + 2in
CO, + 4 iD CO2 and + 4 in HCO'.

3. O.N. of O = + Z io OF2, - 1 iD NEO2 aod _ 2
in CI{rCOOH.

EI<S
4. O.N. of CI =-linHCt,+linHCIO+7in

ClOt in CaOCt2 and + 4 in CIOz.

5. O.N. of S = + 6 in (N I I4)2SO4, I,I2SO4 and

HSoo and SrO?-, + 4 in HSO3- and + 3 in

szol-.

6. K= + 1,Mn = + 1,O = -Z;K= + l,Cr=+ 6,
O = -Z;X= + '1, Ct = + 7,O = -2.

7. O.N. of S changes from - 2 in II2S and + 4 in
SO2 to zcro in elentental sulphur.

e.u Hedox Heactions in Terms Here, the oxidation number of iodine in-
creases from _ 1 to 0, es
from 0 to _l while tha n_
changed. Therefore,Ill is

In terms of oxidation number, teduced to Cl- ions.

C)xidatio
in which
number of an a,om or alom^s while reduction mo,
be defined as a chemicsl chtnge in vhich theie
occurs a decrease in thc oxidstion number o! at
altm or stons. A redox reflclion mcy then he
dgfined as a reoction in which the oxilutiin nunher
oJ atomt undergox a change.

For cxample, considcr the rcaction bctwecn
zinc and hydrochloric acid. Writing the oxidation
numbcr o[ all the atoms above thcir respcctive
sl.rnbols, we have,

f- Oxidise d -----l
0 +1 -l 2+ -1 0

1-Oxidised--1+4-200+3
(l)3Mn Or+4Al .-..........,3 Mn + 2AIz

I R.du""d 1

-2
o3

AlzoT

f-Reduced ------f
(iii)2ilo21*rogl * r#-z ri'n*s 3q*s Hr-o'I o*iai""a_J'

In this reaction, thc oxidation number ofman_
ganese dec +2 in
Mn2+ ions, _l in
Cl- ion to n and
hydrogen remain unchanged . Therefore, MnOl is
reduced while Cl- is oxidised.

_ 93?: O:ddising and Reduclng agents in
terms of Oddatlon Number

Zn(s) + 2H Cl ---+ Zn Cl2 +Hz
LReduced +'

For further illustration, consider the following
examples.

,-- Oxidisedl
+'t -1 0 0 +l _l

(i) 2H I+Cl2-Ir(s)+2H Ci
I R"do"".t t
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An ox Dt maY be

dejnbd as number of
wlrcse atom

examPles, i'e , (i) to

(irr), chlorine decrcases

i.; that ofmanaganese

decreases from +4 in MnO2 to O in Mn ; that of

manganese decreases from +TinMnOato +2in

Mnz+ ion. Therefore, oll the lhree, Le" Cl2 
'

MnOratd MnOl are oidising agents or oidsnts '

Similarlv. the oxidation number of N decreases

rr;. ij in KNo, to +3 in KNo2, therefore,

KNO, is an oxidising agent.

*f-O.N. 
decrea.". a.

2KNO3 zKN 02

Likewisc, KCIO3 is an oridising agent since

the oxidation of Cl decreascs from + 5 in KCIO3 to

- 1 in Cl- ion.

r o.N. decreases --1

2KClOr 2KCl + 3O2

Therefore, KCIO, ako ocs on oxidising agent

Reduclng agcDts or
ing agents are electron
electrons causes a corre
oxidation number, therefore, according to the

oxidation number coocePt'

At to +3 in A!O, and that of chlorine increases

from - 1 in Cl- ion to 0 in Clr' Therefore, all the

three, i.e., HI, Al and Cl- ion are reducing agents '

F\rttrer consider the following redox reaction be-

tween HzS and HNO3.

F-o.N. increases ---J
-2+5+20

HzS +HNO3 N^O + S +H2O' L u^. a""."rr".J
Here, the oxidation number of S increases

from -2 in H2S to 0 in elemental sulphur, while that

of N decreases from +5 in HNO, to +2 in NO,

lheref.ore,HrS is a reducing agent while HNOrin on

oxidising a4ent .

. l,lx.Al\ I Pl-I, 9.5. 1de ntify th e oxi dant and re duc'

tant in the followin9 reactions :

(a) 10H+ (oq) + 4Zn (s) + No; (aq)-'
4Zn1+ (aq) + NHI @d + 3H2o (t)

(b) Ir(s) + HS @)"""'> zHI (s) + s (s).

(N.C.E.R.T,)

(a) Writing the o.N of all the

atoms above their sYmbols, we have

+t 0 +5

10H+ (aq) + 4Zn (s) + No. (cq) -*
+2 -3 +t -2

4Z*+ (oq) + NHl+ (4q) + 3HrO o
Thus, there is no change in the O N' ofH and

O-atoms. O.N. of Zn changes lrom zero in Zn to

+2hZr]+ awl,therefore, it is oxidised and hence

Zn tcts ss a reductanl.

The O.N. of N decreases from + 5 in NOt to

-3 in NHf, and, therefore, it is reduccd and hence

NO; acts as lhe oxidqnl.

(b) Writing the O.N. of all thc atoms above

their symbols, wc havc,
0 +l-2 +l-1 0

12 G) + H2S (9 -' zHt (g) + S (s)

Here O.N. of H does not change' The O N of
I, decreases from zero in I, to - 1 in HI, therefore,

I, is reduced atd lrcnce it acls os an oxidant 'fhe

O.N. of S increases from -2 in HrS to zero in S,

therefore, HzS is oxidiscd and hence it qcts qs tlrc

rcductsnt,

9.9. Disiinction between Valency
and Oxidation Number

The term oxidation number and valency

have different meanings as discussed below :
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Valency Oxidation Number
l. Valency is the combining capacity of an elemcnt.

It iS defined as the number of hydrogen atoms or
double the number of orygen atoms with which
an atom of the element conrbines.
Valency is only a nunrber. As such it does Dot have

attached to it. For example, in
of oxy,gen is two and that of,

I

I

ent caDDnot bezero. I

,

3.

4.

6.

l. Oxidation num&r is the charge which an atom has or
appears to have when present in the combined state.

,

3.

4.

6.

9.10. Oxidation Number ar
oxidation number of of copper is + 1 while that in
CuO, it is *2. Therefore, these two oxi<Ies are
distinguished as Cq(I)O and Cu(II)O oxide
respectively. This system of nomenclature was in-
troduced byStock and is commonlyknown as Stock
notation after his name. As an illustration, consider
the stock notations for the following compounds :

The compounds of metals which show more

Formula and chemicnl nnme o[the compounrl

CurClr, Cuprous chloride

CuClr, Cupric chloride

FeSOo, Ferrous sulphate

FerlS04)3, Ferric sulphate

CrrOr, Chron:iuin trioxide

NarCrOo, Soclium chromate

VrO, Vanacliun: pentoxirle

IlCr rO r, Potassiu m dichromate

MnrOr, Man ganese heptoxicle

Cur(I)Cl,

Cu(II)Cl,

FeIII;SOo

Fe2(III)(SOd3

C12(III)03

NarCr(VI)Oo

v2(v)os

IQCr(vrl)o,

Mn(VII)O,
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ohorous in oxidation state of +3 and +5 respec-

iluitv ut" distinguished by names only, ie',
phoiphorus trichoride and phosphorus pen-

lachloride resPectivelY'

(i) Hit and Tnal Method

(ii) Partial Equation Method

However
oxidation and
more easilybe
ing two methods \ /,/

l. Oxidation bhmber Method

tJ{rlon-Electron Method or Half EEtation

Me tod
l. Oxldatlon Number Method

The various steps involved in the balancing of
rerlox equations by oxidation number method are :

Step l. Wite the skeletal equation ol all the

reactanls and products ol the reaction'

Step 2. Indicate the oxid
element above its symbol and
which undergo a change in t
(o.N).

undergoing that change.

e formuloe ol the uidising
bY suitable intwn so as to

se ot decrease in oxidalion
st€P 3.

Step 5. Balance all atoms other lha H and O'

Step 6. Frnal/y bolance H dnd O atoms by

adding Ii ,O moleciles uing hit arul trial method'

Step 7. Ia ca-se of ionlc rcactions,
(a) For acidic medhtm. First balance O aloms

by adiing HrO molecules to whotever side deficienl

in O atoms nnd then balonce H atoms by odding

H+ ions to whatever side defrcient in H atoms'

(D) For baslc medllum. Fint balance O aton$
by adding HrO molecules to h'hateeer side deftcient

in O atoms The H amms are then balanced by

adding HrO molecules equdl in number to the

deficienq of H atoms and an equal nyyUel 9l
OA- iins are added lo the opposile side oI the

equation. Remove the iluPlication' iI arty'

These rules are illustrated by the following

examples.

Fl IPLE 9.6' Balance the equstion,

Ms(aq)+ HNot@q) *
Ms(Not)r(aq)+ NrO @)+ H2o (t)

l. Find out the elements which

tot oxidation number (O'N')

O.N. increases bY 2 Per Mg atom

t-------------l
b +t+s-z +i +s-z +l-2 +l-2

Mg + HNO, ...* Mg(N Os)z + N2O + H2O

O.N' decreases bY 4 Per N atom

Here, O.N. of Mg increases from 0 in Mg
metal to +2 in Mg(NO3)2 and that of N decreases

from + 5 in HNO3 to + 1 in NzO.

Saep2, Find out the to,al incrcase and detease

in o'N' 
either side

of N' of Mg is

2. in NrO on

R.H.S. and onty one in HNOron L'H'S' of Eq' (i),

therefore, multiply HNO, on L.H.S. of Eq (i) by 2

and thus the total decrease in O N' of N is

2x4=8.
Step 3. Bolance in

Since the total increase in
8, therefore, multiPlY Mg
and 3, we have,

4 Mg (s) + 2 HNo3 (aq) "-"'
Mg(No), (aa) + N2o G) + H2o O "('D

(')
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other than O and H.
of Eq. (i), mulriply

4 Mg (s) + 2 HNo3 (aq)......-

4 Mg(NOr), (ag) + NrO G) + HrO (D ..(r,,
oms on R.H.S.
, therefore, to
cient of HNO3

of Eq. (ir), we
have,

4 Mg (.r) + 10 HNo3 (aq) ......-

4 Mg(Nor), (aq) + Nro G) + Hro (f .. (iv)

Step 5. Balance O ond H atoms by hit and frial
mellrcd.

30 orygen atoms on L.H.S. but
gnly s on R.H.S. of Eq. (iy), rherc-fore, omq change tbe coillicient ofHzo have,

a Mg (s) + 10 HNo3 (a4) ......-

a Mg(Nor), (aq) + N2o G) + s Hro (f ...(v)

The II atoms get automatically balanced.
Thus, Eq. (v) represenls the corecl balanced equa_
tron-

Saep 1. Write the skeletal equation
of th ction,

Crr0l,- (aq) + Fez+ 1aq1.--
cf* @O + Fe3+ (aq)

. S|ap !. I-dentify the atoms which underyo a
change in O.N.

Step 3. Calculate the totsl irrcreaseldecresse i,t
O.ll Since there is only one Fe atom on either side
of Eq. (i), therefore, total increase in O.N. of Fe is
1. Further since there are two Cr atorl's h CrrOl-
on L.H.S. of Eq. (i) but onlyone in Ct'+, the refore,
mulriply CP+ on R.H.S. ofEq. (r) by 2 an<l thus the
total decrease in O.N. of Cr is 2 x 3 = 6

Step 4. Balance increqseldecrease in O.N.
Since total increase in O.N. is 1 and decrease

is 6, therefore, multiply Fe2+ by6. Combining sreps
2 and 3, we have,

crzo4- @q) + 6Fe2+ 1aq1..-
zcp+ @q) + Fet+ (aq) ...(ii)

Sttpi.Balan H andO.
To balance Fe on , multiply
Fe3+ on R.H.S. of
crrol- @q) + 6 Fez+ 1aq1+ H+ .....*

z0f+ @q) + 6Fe3 (aq) ...(iii)
Step 6. Balonce O otoms by adding HyO

molecules. Sincn tberc are 7 O atoms in CrrO] - but
only one in HrO, therefore, to balance O atoms,
multiply HrO by 7 on R.H.S. of Eq. (ur), wc have,

crrol- @q) + 6Fe2+ (aq) + H+ (aq1 -....-

2 Cl+ @q) + 6 Fe3+ (aq) + 7 HrO (t) ...(iv)

Crrol- @q) + Fe2+ (aq) + t4 H+ (aq) -..+
ZCF+ @q) + 6Fer+ (aq) + 7 HrO (f ...(u)

Thus, Eq. (v) represents the correct balanc€d
equaEon.

Stcp l. Wite the skeleul equstion.The uation for the given reaction is :

mor- (oS) + Br- (aq).......t

MnO, (s) + BrO3- (aq)

. St p 2, Find out he elements which tutdergo a
change h oriilafion number (O.N.)

O.N. increases by 1 per Fe atom

+6 -2 +z 3+ i+
I Cr, o7 f2- (qq)+Fe (qq) + Cr (oq)+Fe taq)|l,u

C).N. decreases by 3 per Cr atom
Total decrease =2x3 =6
Here O.N. of Fe increases from + 2 in Fe2r

to + 3 in Fe3+ while that of Cr decreases from + 6
in CqOl- to + 3 in Cf +.
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o.N. iDcreases bY 6 Per Br atom

!---------1,
+'7 -l +4 +5

Mnof (aq)+Br- (44)-MnO2 (s)+BrOl (aq)

...(D

O.N. decrcascs b}, 3 Per Mn atom

Herc, ().N. o[ Br increases from - 1in Br- to
+ 5 in BrO;, thereforc, Br- ocls u rcductanl' F\tt'

ther, 0.N. of Mn decreases from + 7 ir MnOt to

+4 in MDO2, therctore,MnOf, acts os oxidant'

Stef,3' Fi,td oltt tolal increaseldccreose in O N'

side,
ther,
side,

Steo 4. Bulurce increaseldecrease iu O'N'

Since thl total increase io O.N. is 6 and dccrease in

O.N. is 3, therefore, muttiply MnOo- by2 Combin-

ing steps 2 and 3, we have,

zn/inoa @q) + Br- (dq)'-""''

Mno, (s) + Brol (aq) "(ii)

Sten 5' Balance all oton$ other lhan O ond H'

to bolunce Mn on either side of Eq (ii), multiply

MnO2 bY 2, we have,

zMnof, (uq) + Br- (oq) '
2Mno, (s) + Brot (4q) (i")

Step 6, Balonce O dtoms bY adding HrO

rttttlccules. Since there are 8 orygen atoms on

L.H.S. of Eq. (iii) and only 7 on the R H'S , there-

f"r", 
"aa 

oti"'ff rO to the R.H'S of Eq (iii), we

have,

zMnOf (a4) + Br- @q)'
2Mno, (s) + BrO! (a4) + HrO (/) "(iv)

Slep 7, Balance H atoms by adiing HrO and

OH- since llft rcaction occurs in basic mediunr'

Sioce Lhere are two H atoms on R H S and nonc

on L.H.S. of Eq. (iv), therefore, add 2HrO to L'H S'

anrl 2OH- to R.H.S. of Eq. (ir), wc have,

2Mnt)a- (44) + Br- (oq) + 2H2O (l) ->
2Mno, (s)+BrO! (aq)+HrrJ (l) +zort- (aq)

or Mnof (,q) + Br- (aq) + H2O (/)----"')

2N'tno2 (s) + Brof (aq) + zoH- (aq) "'(v)

Thus, Eq. (v) reprcscnl.s the correct balanccd

equation.
1 \ \\ il'i l 'J ' Bulu ce the oxidation reduc-

tion rcsction,

FeSz+02-FczOs* SOz

his is an examPlc o[ a reaction
abscnce of acids and bases and

of () atoms cannot be done bY

molccnles but has to be done on

the basis of gain or loss of electrons To balance

such reaction"s, following steps are followed :

Slep l. Identifu oton; who:ie oxidotion t tn'
bers undiryo a ctra;gt'. writing the oxidation num-

ber of eac-h atom above its symbol, we havc,

+2-1 0 +3 -2 +4-2
FeS, * O, ....- FezOr *SOz

togetJrcr

Step 2, Detcnninc llrc lotal increqse ottd

decrease in oxidalion nurubers'

Indicating thc increase ancl decrease in oxida-

tion numbers in each case, we have,

+2 +3
Fe ,Fe l1l
-r +r I=111 "'('i)Sz--..'2s l0tJ

2-
20oz...* 4l...(rri)

Step3.Balonce lhe total increosc ond decrease

it oxidation nurnbers.

To balance the total increasc in oxidation

number of Fe and S and decrease in oxidation

number of O, multiply Eq. (ii) bv a and Eq (iii) by

11, and adding, we have,

+2 -1 +3 +4 -2
4[Fe + Srl + 1l o, -'--+4Fe + 8S + 22o

'-(ir)
2-

Since 6 <loes not occur independently so the

22 6 must be faciorized in such a mlnner that thcy

b"co.e purts of ferO, and SC)r' Rearranging, Eq'

(iu), we have

.i^
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+2 -1 +3 2_ +4 2_
4 [Fe +S2l+ 11 02 --.] [4 Fe +6 ol+[8 s + 16 Ol

or 4 FeSz + 11 Cl2...-2FerOr+gSO,

. This represenls the required balanced equa_
tron.

II. Ion Electron Method or Half-Reactioo
Method

equal to he electrons gained duing reduction hatf
rcaction. The vaious steps involved in this method
are :

Step 2. Frnd out lhe species which orc uidked
and which are reduced.

stcp ha|,eactions, tion
haf reaction .

Saep 4. Bdlance thc tn o ha[ reaction eEntions
separately by the rules descibed below :

(i) ln each halfreactioq firstbalancethe atoms
of the elements which have unde,gone a change in
oxidation number

(ii) Add electrons to whalever side is neccssam
to mske up the dwrcnce in oxidaion numbet in
each half reaction.

H+ ions if the
and by adding
in the basic

.(iv) Balance orygen atoms by addilg tequired
number of HrO motecules to the ;ide defr;ie; in O
atams.

numb
numb
of the

TIE tn)o half reactions are then aclded ap. These
rules are illustrated by the following cxamplas.

Pemantonqte ion reacts with
medium to give Fe3+ and
ced chemical equalion for lhe

(N.C.E.R.T.)
l. Write the skeletsl equation

lot th
MnOa (aq) * Fe2+ (aqy--...t

}./.nz* (oq) + Fe3+ (aq) ...@
Step2. Wite the O.N. of alllhe elcments ubove

lheir respective symbols.

+7-2 +2 2+ 3+
Mn+Fe(Mno4)-t + Fe

O.N. increases by I per Fe atom
Step 3. Fnd out the species which have been

oidised aad reduced ond split lhe given skelcton
equslion into two haf reactions,

Since the O.N. of Mn decreases from +7 in
MnOa- to + 2 in Mn2+ while that of Fe increases
from +2 in Fe2+ to +3 in Fe3+. Thercfore.
MnOa- gets reduced while Fe3+ gers oxidised.
Thus, the above skeletal Eq. (i) can be divided into
thc tbllowing two half reaction equations :

Oxidation holf equation :
Fez+ (aq) --.--- Fel+ (oq) ...(rr)

Redrction hav eErstioa :
Mnoi @O -. Mr,z+ (aq) ...(ni)

(ii)

ne nol

- (b) Balaace the oxidation number by adding
elect oN. T\e O.N. of Fe on L,H.S. of Eq. 14 iiFer* is +2 while on the R.H.S. in fe3+'is'i3.
Therefore, addonee- to R.H.S. ofEq. (i), we have,

Fe2+ (aq) ----r Fe3+ (aq) + e- ...(iv)

ionr. Not

f"liTlli:

_.... Slap 5, To balatcc thc tzhrction ha{ eq.ation
(iii)



(u\ Balsnce qll the atoms othet thqn H and O'

N.,t r,eeded since Mn is already balanced

MnOo- (44).-........r M*+ (aq) .'.(rrr)'

b\ Balonce lrc oxidation rutmber by adding

electini..t. Thc oxidation numtrer of Mn in MnOn-

on L.H.S. of Eq. (iii) is *7and +2ontheRHS'
Thercforo, addis- to L.H.S. of Eq. (iii), we have,

MnO; (a{) + 5e- + Mnz+ (cq) "'(r')

arye bY addirtgH
tvo cidic nrctliunt ' T
oo . (v) is -6 and

ir e, add 8H+ to
have,

Mnoa (aa) +8H+ (aq)

Mn2+ (aq) "'(r'i)
(d) Balance O atoms by adding HrO mole'

cales. Since there are four O-atoms on the L H'S'

oi Eo. (vi) but no O-atom on the R.H S', therefore'

adtl d Arb to the n.H.S. ot Eq. (vi), we have,

MnOa (arl) + 8H+ (4q) * 5e- a
Mn2+ (arJ) +4H2O (aq) "'(vii\

The H-atoms get automatically balanced'

Thus, Eq. (vii) repreients the balanced reduction

half equation.

Step 6.Tb balance the etectrons lost in Eq (iv)

andgainidin Eq. (vii), ntultiply Eq' (iv)by 5 andodd

to Eq. (vii), we have,

5Fe (oq) 
- 

5Fe3+ (aq) + 5 e-

MnOa @$ + 8H+ (4q) + 5 e- '
Mn2+ (a4) + 4H?o o

Mnoa- 1a4) +5Fe2 t (4g)+8H+ (aq)'
}./lrl+ (aq) + 5Fe3+ (aq) + 4H2o o

This gives the final balanced redox equation'

. !"\ \1'll'l I ').ll.Balancelhe equalion'

.asr.S., (s) + NO, (aq) + H+ (aq) 
-

Asdn- @q) + s (i) + No (9 + Hro (t)

(N.C.E.R.T.)

Solution SteP 1' Io i rlhose

otidalion nttmbers-huve tut Writ-

ing the oxidation number ovc its

symbol, we have,

+3 -z +5
As, 53 (s) + No! (aq) + H+ (aq) 

-0 +2+5
Asol- (aq) + S G) + No, G) + H2o (0

Here. the oxidation number of As has in-
creased from + 3 to + 5 and that o[S has increased

ftom -2 to 0 while that of N has decreased from

+ 5 to + 2.In other words, both As and S havebeen

oxidised while NOr- has been reduced' Since 'es

and S must maintain their ,tomic ratio ol 2 : j (as in

As ,S ) therefore, the chonge in oidation numbers of

these rwo atoms must be considered together Keep-

ins in view these points, the above redox reaction

ca"n Ue sptit up i"t6 the followingtwo halfreacl'ions :

Oxklation :
+3-2 +5 0

As2s3 (s) """', AsOl- (aq) + S (s) ..'(i)
+2+5

Reduction : Noi (oq) "-' NO G) "'(n)

Step 2. Tb baloace the oxidation half Eq' (i)

h\ Balsnce all the atoms olher thon H dnd O'

frlultipfy esOl- by 2 and S by 3 on R.H'S' of Eq'

(i), we have,
+3-2 +5 0

AsrS3 (s) 
- 

2 Aso34- @q) + 3 S (s) ...(iv)

Aqs3 (s) """o 2 As o1- @q) + 3 S (s) + 10 e-

-.(iv)
(c\ Batance charge by odding H+ ions' The

total i(arge on R.H.S. of Eq. (iv) is - 16 and zero

oo tn" I-.ir.s., therefore, adi 16 H+ to R'H'S' of
Eq. (iv) we have, . .

Aq$ (s) -"- 2 Asol- (aq) + 3 S (s)

+ l6H+ (oq) + 10e- "'(v)
(O Balance O ltoms bY ailding HrO

molectles. Sinct there are e8',' O-atoms on the

n.U.S. of eq. (v) but none on the L'H S', therefore

io tutr""" O^-ui i.., add 8IIro to the L'H'S' of Eq'

(v). We have,
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As2S3 (s) + 8 H2o (/) 
- 

2 A sof,- @q)

+ 3 S (s) 16 H+ + 10 e- ...(vi\
The H-atoms get automutically biilanced.

Thus Eq. (vi) rcprescnts the balanccC oxidation
half equation.

Step 3. To balance the reduction half Eq. (ii)
(a) Balanca oidatiot nuntber by addirtg

elecoons. Oi,Jation of N is + 5 on L.H.S. whilc it is
+ 2 on R.H.S., therefore, add 3 e - to L.H.S. of Eq.
(il). We have,

NO, (aq) + 3e- 'No G) ...(,ir)

(b) Balance charge by odding H+ ior6. Thc
total charge on L.H.S. is - 4 while it is zero on
R.H.S., therefore, add 4 H+ to L.H.S. of Eq. (uii).
Wc havc,

NOr- (aq) + 4}]+ (oq) + 3 e- + NO G)
...(viii)

(c) Balance O atoms by addingHrO ntolecules.

Since there ue three O-atoms of the L.H.S. of Eq.
(viii) but only one on the R.H.S., thcrcfore, add
2 HrO to thc R.H.S. of Eq. (vfri). Wc have,

NOI (aa) + 4H+ (oq) + 3 e- 
-No @) + 2 Hro (/) ...(u)

The H-atoms are automatically balanced.
Thus, Eq. (ir) represents the balanccd reduction
half equatiou.

Step 4.To bolance the electrons lost in Eq. (vi)
and gained in Eq (ix), multiply Eq. (ix) by l0 und
Eq. (vi) by i and add. We have,

3 As2S3 (s) + 24 H2O 11; 
.._ 6 a ,6:- 1or.1

+9S(s) + 48H+ (qq) + 
^Oe-l0No3 (aa) +tfiH+ (aq) +30c--

10NoG) +20H2oo

3 A9S3 (s) + 10 Not (afl + aHro (t) 
-6 Asoi- (aq) + 9 S (s) + 10 No G) + 8H+ (sq)

This gives the final balanced redox equation.
. liX.Ar\{PI.lt t).12. In passing chloine gar

through a concentrated solution of alkali, we get
chloidc and chlorate ions. Obttin balqnced, chemi-
cal equation for tlii rcsction. (NCE.R.r)

-Sdu!l.gn. Step l. Wa'l e the skeletsl equationfor
the g,]',cn rcaction

Cl, G)+OH- (aq)+cl- (aq)+Cto, (oq)...(i)

Step 2.Witc he O,N, of all the elements above
theb rcspective sylb ols.

O.N. of Cl increascs by 5 per Cl atom

ol v
-1 +5

Cr2 G) + oH- (aq) 
- 

ct- (aq) + CJlol @q)

O.N. of Cl decrcases by 1 per Cl aiom

Total increase =2x5=10
Total decrease = 2 x - I = - 2

Stcp 3. Fitd out the oidant and the ,edrctana
and splil lhe skeletol Eq. (i) into two half reaaions.

Here, O.N. of Cl decreases from 0 in Cl, to

- 1 in Cl-, therefore, Cl2 dcts ss on midotl Frr-
thcr, the O.N. of Cl increises from 0 in Cl, to +5
in ClOr-, therefore, Cl2 acts os a reductant.ln othet
words, Cl acts both as an oxidant as well as a

reductant. Therefore, the two half reactions are :

Reduction half : CL, (il- Cl- (sS) ...(,i)

OidLtion ha[ : Cl2 G) .._ ClOi @il ...(iii)
Step 4.T o bolance the reduction ha{ equation

(ii).
(o) Balance nll aroms other that O ond H.

Since there are 2 Cl atoms. On L.H.S. of Eq. (ii)
and only one on the R.H.S., therefore, multiply
Cl- ion by 2, we have,

c\(oq) '--'' act- (aq) ...(i,)

(b) Balance oxidotion number by adding
elecfionr. The O.N. of Clin Cl, on L.H.S. of Eq. (iv)
is 0 while on the R.H.S. it is -1. Thus each Cl
accepts one electron. Since there are two Cl atoms
on the R.H.S., therefore, add.Z e- to L.H.S. of Eq.
(iu), we have,

Clz (d + 2e- -----.- zcl- (aq) -.(r)
(c) Balance charye. Not needed sinct charge

on either side of Eq. (v) is balanced. Thus, Eq. (v)
represents the balanced reduction half reaction.

Step 5.'Io bolance the oxidttion half equation
(iii)

(a) Bdance all atoms othet than O and H,
Since there are 2 Cl atoms on L.H.S. of Eq.

(r'rr) a.nd only one on the R.H.S., therefore, multiply
ClOr- ion by 2, we have,

c\(0 
- 

zctot (aq) ."(v,
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(b) Balance oidation number by adding

electons. The O.N. of Cl in Cl, on L.H.S. of eq. (vi)

is zero while in the R.H.S. i.n ClO3-, it is + 5. Thus,

each Cl atom loses five clectrons. Since there are
two Cl atoms on R.H.S., therefore, add 10e- to
R.H.S. of Eq. (vi), we have,

Ctz G) - 
aclot (aq) + 70e- ...(vr,

(c) Balonce charye by adding OH- ions since
the reaction occws in the bask medium. Tbe total
chargc on the R.H.S. of Eq. (vr'i) is - 12 and zcro
on the R.H.S. Therefore, add 12 OH- ions to the
L.H.S., we have,

clzB) + taoH- (aq) "'--'.2clq @q) + I:oe'

...(viii)
(d) Balance O atoms. The R.H.S. of Eq. (vnt)

contains six O atoms but on the L.H.S., there are
12. Therefore, add 6HrO to the R.H.S., we have,

cl2 (9 + tzoH- (aq) 
-zclo, (oq) + 6HzO (0 + 10 e- ...(i:)

By doing so, H atoms are automatically
balanced, therefore, Eq. (rr) represents the
balanced oxidation half equation.

Step 6. Tb balance the electrons gained in Eq.
(v) and lostin Eq. (ix), mulriply Eq. (v) by 5 and add
to Eq. (ix), we have,

5Cl, G) + lO e- .-.-+ l0Cl- (aq)

ct2 @) + 72oH- (aq) 
-zclo, (aq) + 6Hro (/) + 10 e-

6clz @) + lzoH- (oq) """'t

L}Cl- (aq) + 2clot (aq) + 6Hro ({)

or 3Cl2 @) + 6oH- (aq) -""+

5Cl- (oq) + Clo, (aq) + 3H2o (0

This represents the firral balanced redox
cquation.

(Pni) H2S G) + Fc3+ 1a41 

-Fe2+ 1a41 + s 1s; + H+ (oq)

(ix) l- (a4 + to; (oID + H+ 1oq1 

-lz@q) + HzO (l)

(r) Bi (r) + NOt (a{) +H + (4q) 

-Bi!+ 1aq1 + No2 E) +Hzo (r)

@) r- (oS) + 02 G) + H2o (D 

-lt@ + oH-Qq)

(ri) Cu + Au+ 

- 
Au + Cu2+

(rii) sn (r) + Not (oq) + H+ (q)+
Sn2+ 1a4; +NH.+ 144) +H20 (r)

(rv) cu (.r) + Not (aq) + H+ (aq)._
Crz+ (oq) + No G) + H2O (r)

(rv) zD (r) + Nol (a4 +H+ @4)-
Zoz' <oq) +N2o E) + H2o (4

(xrr) Sr (aS) + Not (oq) + H+ (4q) 

-snoS- (a{) +No2 G) + H2o (r)

l. Balance the following equations in acidic medium
by both oxidation number aod ioll electron
methods and ideotiry the oxidanB and lhe reduc-
tants :

(,) MnO; (a4) + czHzoa @q)-
Mnz+ 1aq1+ co2 G) + H2O (r)

(N.C.E.R.T.)

00 H2S (aq) + cl2 G)- S (r) + cl- (44)

(iir) Mnot (oq) + cz'so,^ (aq) 
-(N'.'E'R'T 

)

Mnz+ 1aql+ cH3COoH (44)

(N.C.E.R.T)

(iv) Bi (r) + Not (4q;.- 313+ (dq) + Noz G)

(v) CrrO]- @q) + czH'/o (aq)-
CF+ 1a4; + czl{41zll,q)

(v,) MnO; (oq) + Br- (oq) +

Mr:2+ 1aq; + Bt2 @q)

(v,i) cu (44)+Not 1*'1- coz+ (oq)+Noz?)
(N.C.E.R.T.)
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(rvii) As (.r) + N of (aq) + H + (4q) ._

esol- ta91 + r.ro, G) + HrO g1

I \ (t 2MnOi- 1q1 + eU+ @q) + sczHz}4 @q)

- 
2ynz+ pqy l l oco2 GI) + 8H2o (r)

(ri) H2S (aq) + ctzg)+
s (r) + 2Cl- (4g) + 2H+ (o1)

(iii) 4MDOa- (a{) + sczHsOH (o{) + 12H+ @q)

* 4Mn2+ + 5CH3COOH (aq) + l1HzO (0

(iv) Bi(s) + 3No3- (4q) + 6H+ (oq)-
Bi3+ (4q) + 3No2 G) + 3HzO (I)

(v) c;zolt- @q) + 3czH1o (oq) + BH+ @q)

- 
2g1s+ @q) + 3c2H1O2@!t) + 4H2O (r)

(vi) 2MnOo- @q) + loBr- (aq) + ]6H+ @q)

- 
2YDz+ @q1 + sBtz@q) + 8H2O (4

(r,r'i) Cu (r) + 2No3- (4q) + 4lg^+ @q)

.* Cu2+ (a4) + znoz (g) -r 2HzO (l)

(r,iii) HrS @) + 2Fc3+ 1aq1 

-2Fe2+ 1aq1+ s (r) + 2H + (aq)

(ir) 5l- (aq) + tol (uD + 6H+ (oq) 

-312 (!q) + 3H2O (h

(r) Bi (r) + 3Not (oq) + 6H+ (aq)-
BP+ 1ag1 + :NO, 19; + 3H20 (I)

@) 4I- (aq) + oz@) + zHzO (4 

-212@q) + 4oH- (aq)

(di) Cu (r)+2Au + (aq) 

- 
2Au (s)+cu2+ (a4)

(rrii) 4 Sn (r) + No! (a9) + 10 H + (aq)-
4 Sn2+ 1c4; + NH.+ I4q) + 3 H2O (r)

(riy) 3 Cu (r) + 2 Not (a{) + 8 H+ 1aq;..*
Z C!2+ 1aq1+ 2 No G) + 4 H2O ()

(xv) 4Zn (r) + 2 Not (a4) + to u+ 1aq;-
t Znz+ 1aq1 + N2O G) + i H2O (r)

(.tr,, Sn (-r) + 4 Not (4q) + 2 H+ (oq)-

(Jyii) As (s) + s Not (aq) + 2 H + @4+
Asoi- (aq) + 5 Noz Gr) + H2O (I)l

2. Balance the follotping equarioos in basic medium by
both cfiidation numbcr and ion eleclron merhods aDd
idcDdry the reductants aDd the crddants.

(0 P (r) + oH- (4s)- PH3 G) + urPOl (a4)

(N.C.E.R.T.)

0D N2H4 G) + clot (aq)- NO (g) + ct- (aq)

(Nc.E.R.T.)
(tr) Cl2O7 G) + HzOz@q)*

cto; (aq) + o2@) (N.C.E.R.T.)

(iu) C(OH)a pq) + HzOz(pO-

c/.Ol- @q) + H2o (t)

(v) Zo (r)+No3- (4q)- 7n2+ @q+NH[ @4)

(!r) At (r) + N of (a{) --
N(OH); (aq) + NH3 G)

(vri) PbO2 (r) + ct' (dq)+

Pb(oH)t (aq) + cto- (aql

(vr'ii) Fe(OH)2 (aq)+HzOz (c4) * 2Fb(OH): (r)

(.r) Bi(OH)3 (r) + snol- (a4) ..-

Bi (r) + snot2_ (a{)

(r) Cr (r) + cto; (oq) 
-
Cr(oH)3 (.r) + ctot (oq)

I\x,. (i) 4P (r) + 3oH- (aq) + 3H2O (l)+
PH3 (g + 3HzPo; (aq)

(ri) 3N2H{ (g) + naol @rt)-
6NO G) + 4ct- (aq) + 6H2O (l)

(nr) ct2o7 G) + 4H2o2(uD + 2C. - (aq)

- 
zC],O; @q) + 4o2e) + 5H2o (/)

(iv) 2c(oII); (oq) + 2oH- (a4) + iHzoz<oq)

- 
zjq @O + 8t12o (t)

(v) azn 6) + Not (a4) + TH2O (,)

+ 4tuP+ (4q) + NH4+ @q) + loo - laq)

(vi) 8Al (r)+3No3- (4q)+18H2O (D+soH - (ag)

sno3- (aq) + 4 No z@) + H2O (t)
- 8Al(oH)a (a4) + 3NH3 G)
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(vii) PbO2 (r) + ct- (aq) + HzO (D + oH- (a{)

- 
Pb(OH)3- @q) + cto- (aq)

(tiii) ZFu(OH)2 @q) + u2o7 @9) -

(&) 2 B(oH)3 (r) + 3 snol- ,*, l"to" 
t"

2 Bi (r) + 3 sno3- @q) + 3 H2o (l)

(x) 2 Cr (r) + 3 cto; (aq) + 3 H2O *

2 C(OH)3 ('i) + 3 ctot (arl)l

3. BalaDce the following redox reactions :

(i) SnO2 + C+ Sn + CO

(ii) F%Oa + C- Fe + CO

(iii) I, + HNO3 

- 
HIO, + NOz + H2O

(iv) FeSOn + HNO, + H2SOa .._
Fer(Soa)3+No+I'I.o

Stolchlometry of redor resctions means csl'
culation ol the quantities oI the oxidising and rcduc-
ing agents atd theit producls in Gidation+eduction
reactions.

Stoichiometric calculations can be done
either by using mole concept or by redox titrations
using normality or molarity equation.

9.12.1. Determinatlon of stoichiometry using
mol€ concept, For carrying out stoichiometric cal-
culation-s, we need a balanced redox equation for
the reaction since the stoichiometric coefficients in
the balanced equation tell us thc ratio by moles in
which the reactants combine and the products are
formed. The following examples will illustrate the
method.

. r' \ \\1f'! | ,' t\ Ho$l many grams of potas-
sium dichromste are required to oidise 15'2 g of
FeSO oin acidic ntedium.

.solutiotr, St€p 1. Io tvite balatced chemicul
equation of the redox reaclion

crzo?- + ]4H+ + 6e- -----+ 2 CP+ + 7 H2o

Fe2+ ------- Fe3+ + e- | x 6

crro2r- + 6Fe2+ + 14H+._2gf+ a 6 Pg:+

Slep 2. To calculatc the amount of K.CtrO,
required.

(v) lt + HNO3 

- Fe(No3)2+NH4No3+H2o

(vi) Sb - HNO3 

- 
HrSbO. + NO2 + H2O

(vii) Hg + IINOr- Hg"(NO3)z + NO + I-I2O

l.\nr. (i) SnO2 + 2C+ Sn + 2CO

(ii) Fe3Oa + 4C- 3Fe + 4CO

(iii) 12+10 HNO3 ._ 2 HIO3+ 10 NO2+4 H2O

(iv) 6 FeSOa +2HNO, + 3 H2SOa

3 Fe2(SOa)3 + 2NO + 4 H2O

(v) 4 Fe + 10 HNO3 

-4 Fe(NO3)2 + NHaNO3 + 3 H2O

(vi) sb + 5 HNo3- Hjsbo4+5 No,+Hzo

(rii)6Hg+8HNO......-
3H82(NO3)2+2No+4H2Ol

It is evident from balanced equation that

1 rnotc of CrrOl- = 6 molcs of Fc2+

or 1 mole KrCrrOr = 6 moles FeSOo

ot 2x39 +2x52+ 16x7 g=
6x(56+32+16x4)

or 294 gYlCrrO, =6 x 1529 FeSOu

Now 6 x 1529 of FeSOo are oxdiscd bY

Y:rCr2O, : 294 g

. . 15 2 of FcSOo will rcquire K2CrrOT

294 x t5.2
-- = A,qo

6x152
, .,i''f i 2'68x 10-3 ntoles ol o

solution contoiting an ion A"+ rcquirc )'6lxt0-3
moles MnOf, for the oxidation oI An+ to AO; ilt
acid mcdium. lVhot is the vahrc of n ?

Snlution. Step L Tb write tlrc reduction and
atidati on ho lf rea c ti orts.

Reduction:M\O; + 8H+ + 5e--'
Mn2++4FIro...(r)

Oidation : N+ + 3 HzO"""''
+s
AO3- + 6 H+ + (5 - n) e- ...(ii)

Step 2. Tb ft td our lhe value of n.

Since ina rcdoxreaction, numbcr ofelcctrons
lost - number of electrons gained, thcreforc, mul-
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tiply oxidant of Eq, (i) i.e. MnOo- by (5-+r) and

reductant of Eq. (r'!) ie. An+ by 5 and equate, we
haic,

(5-n)MnOo-=54"+
i.e., (5-+l) moles of MnOa- will oxidise A'+ =

5 moles
or 1.61 x 10-3 moles of MnO.- will oxidisc

5
=Fi;" 1 6 x l0-3moles ...(iri)

But the number of moles of An+ actually
oxidised

= 2.8 x 10-3 moles ...(ir)
Equating the values of Eq. (rrr) and (iv), we

have,

= 
5 x t.61 x 1o-3 = 2.68 x 10-35-n

or 5 x 1.61 -(5-n)x2.68
or 2.68n = 5 (Z'68 - l'67)

-5xl.Ul=5.35
5'35or n =ra= z

9,122. Det€rmlnotlotr of stolchlomettf uslng
Redox tltratlons. These titrations involve the reac-
ticn between cxidising and reducing agents in
acidic medium. Depending upon the nature of the
oxidising agent, these are divided into the following
categories :

1. Potassiumpet anganate titmtions. In these
tiEations, reducing agents like FeSOo, Mohr's salt

[(NHa)2SOa . FeSO4 .6 H2O], H2O2, AEO3,

oxalic acid (COOH), and oxalates (COONa), etc.

are directly titrated against KMnO. as the oxidising
agent in acidic rnedium. Fo. orample,

(i) Oxidation oflenous salts.

5 Fe2+ + Mno4- + 8 H' '
Fefous ion permaganatc

ioll

5Fe3++Mn2++4Hro
Fcrric ion

(ii) Oidation of aralatcs :
coo-

5 | +2MnO; + 16H+ ""'-.
coo-

oxatatc ion 2 Mnz+ + 10 CO2 + 8 H2O

2. Potasslum dichroEstc titrations
In these titratiorx, the above listed rcducing

agents are directly titrated agaiDst IqCrrO, as the

oidising agent in acidic medium. for exanplc,

(i) Oidation of fenous salts :
6Fe2+ + Crro|- + 14 H+ -----'

2CF+ + 6Fe3+ + 7H2O

(ii) Oxidation of Mohr's salt :

Mohr's salt is a double salt of (NHn)rSOo and

FeSOo r'.e. (NH1),SO1.FeSO1.6HrO. Out of thesc

two salts, CrrO|- oxidises FeSOo to Fer(SOn), as

per the equation shorm under oxidation of ferrous
salts.

3, Ceric sulphate tttmflons. In these titra-
tioDs, the reducing agents such as Fe2+ salts, Cu+
salts, nitrites, arsenites, oxalates etc, are directly
titrated against ceric sulphate, Ce(SOo), as the

oxidising agent. For ercample,

(i\ Oidation of fenour salts :
Fe2+ + Ce.+-aFe3+ + CC+

Fcrousion C€ric ion FeEic ion Ccrcus ion

(r) Oxidation of aresinites (AsO3-) to ar-

senatcs (AsO!-).

A"o3- + 2Ce'++Hzo-
Ars.nitc ion Ccric ion

Asol- + cd+ +2H+
A*enatc ion Ccrcus ion

(iii) Oidation of oxalic acid :
(COOH), +ZCea++
Oxalic acid

2co2+ zcf+ + 2H+
4. Iodimetric titrations. These titrations in-

volve the direct use of iod.ine as the oxidising aryt
(h neutral or slightly acidic medium) using starch
as an indicator. The various reducing agents used
in these titrations arc thiosulphates, sulphites, at-
s enites and ontimonites.

Iz * S.o3- --+ 2l- + S4O3-
Thi6ulphate ion Tctrathionatc ion

12 + so3- + Hzo ----. zl- + so?- + 2 H+
Sulphite ion

I, + AsO!- + HrO + 2l- + AsOi- + 2H+
Alscnitc ion Ardrnatc lon

12 + SbOi- + H2O- 2I- + SbOi- + 2H+
Antimonite ion Antimonate ion

5. Iodometric tltratlons. These titrations are
carried out in two steps. In the first step, oxidis.ing
agents such as KMnO., KrCrrOT, CuSO4,

peloxides etc. are treatedwith an excess ofKI when
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I, is liberated quickly and quantitatively. For ex-

ample,

2 MnOn- * 16 H+ + 10 I- -'
zMr2+ + 512 + 8H2O

ctrol- + 14 H+ + 6I- -+
?cF+ +312+7Hzo

2Cl2+ + 4I- + CurI, + I,
In the second step, the liberated iodhe is

titrated against a standard solution of sodium
thiosulphate using starch as an indicatot. All such
titrotions in which iodine libemnd ftom potaseium
iodide with the help oI an oxidising Agent is titmhd
against a standatd sofution of sodium thiosulphate
are called lodometrlc tltrations.

Before we solve problems on stoichiometry of
tedox reactions we must be familiar with the follow-
ing three concepts :

(i) Equivalent weiglrts ol oxidising and reducing
ogents.

(i i) N orm ality e qu ation
(iii) M ol ui ty e quation.

(i) Equlvalcnt welgbb ofoddlslngand Educ-
lng ag€nts. 'Ite equivaletrt weights of oxidising and
reducing agenls can be calculated by the number of
electrons gained or lost. Thus, rrre equivalcnl weighl
of an acidising agent is equol to the moleculu weight
of the substance diided by the numbo of elecuors
gqined as rcprcsentedin the balanced chemical equa-
tion.

Further, we know that the total number of
electrons gained or lost in any balanced orida-
tiory'reduction half reaction is equal to the total
change in the O.N. of a particular atom of the
oxidising/reducing agent. Therefore, eEtivolent
weigits car also be determined simply by diving the
molecularwcight oI the substancelspecies by the total
chsnge in the O.N. of a pafticular atom. For example,

(i) Equivalent welght of I(MnO.

(a) In acldic medium,
MnO; +8H+ + 5€- -------| Mn2+ +4tto
No. of electrons gained = 5

Total change in O.N. of Mn = 7 - 2 = 5

;. Eq. wt. of MnOo- =
Mol. wt. of MnOf

= 
s5 lre = zt't

or Eq. wt. of KMnOo =
Mol. M. of KMnO4

=rr*rf*uo=rr.u
(b) In neutral or alkaline medium

MnO; + 2H2O + 3 e- 
- 

MnO, + 4 OH-
Total number of electrons gained : 3

Total change in O.N. of Mn = 7 - 4 = 3

. . Eq. wt. of MnOf Mol. wt. 55 + 64

33
= 39'66

Eq.wt. ofKMnO. ="*l*uo =tr.UU

(ii) Equivalent welght of I!CrrO,
Crrol- + 74 H+ + 6e--ZCf+ +7HzO

Total number of electrons gained : 6

Total change in 0.N. of Cr

=2x6-2x3=6
.. Eq. wt. of CrrOl- =

Mol. wt. of CrrO]-

2x52+7xL6
=36

Mol. *t. of IQCr2OT
crr Eq. wt. of lQCrzOl = ----'i:

2x39+2x52+7x16=---------;:--=.,
Likewise, the equivalent weigltt of a reducirg

agent is equal to its molecular weigltt divided. by the
nunber of electrons lost as rcpresenled in the
balanced clrcmkal equation. For example,

(i) Equivalent wetght of HrO, :

H2O, ---+ 211+ + gz + 2e-

(acidic ntediunr)

H2O2 + 2 OH- ...-ZHLO + Oz+2e-

(basic medium)

Total number of electrons lost = 2

Total change in O.N. ofO = 0 - (- Z) = Z

Eq. wt. of HrO, =
Mol. wt. of H2O2

=2+r9 =n
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(ii) Equivalent weight of (COOH), :

QHzOo 
- 

2co2+2H+ +2e-
Oxali. acid

Total no. of elcctrons lost = 2

Total change in O.N. of C= 2x4-2x3=2
.'. Eq. *t. of oxalic acid

Mol. *t. of QH,O.
2

24+2+&
-2

equivalcot weight of the underlined
species io tcrms of its molecular weight M in each
of the folloring rcdo( reactioos.

142CuSOr I 4 61 
- 

Cu2I2 + 12 + 2&SOa

(iD 2 Narsro, * r, .- Nazsror + 2Na

1ur; 
ffiQor + MnO. .- M16, .. 2 63,

(iv; FeSz + o, ...- Fezo: + Soz

1v; 
Aszsr + H+ + Nof 

-
NO+HrO+AsOl-+SOn2-

[ turs.(i) M (ii) M (iri) W2 (it) Wta O) l\AzEl
2. Determine the equivalent weighl ofthe underlined

specie,s/compounds in the following equatioDs :

(4) s2o3- + 5 H2o + 4ch-
2SO1-+8Cl-+10H+

(D)2HS- + 4 HSOt 
- 

3sro3- + 3 H2O

(c) 3 MpO2 + 6 KOH + KCIO: -*
3IqMnOa + KCI +3H2O

(iv) Calculate the total chaDge in O.N. of one
molecule of FeS2

FeSz=Fe2++252-

2+ O.N. incrcsses +3
2Fe FerO,

WZxl=2
O.N. incrcascs

(i ) Equimlcnt rrclght of FeSO. :

Fesol + 
+ 

H2sol .-.-.- jrerlso.)' + e-

Total aumber of electrons lost = 1

'Ibtal change in O.N. of Fe = 3 - 2 = 1

. . Eq. rrt. of FeSOo =
Mol. wt. of FeSO4

56+32+4x76
= 152

5NaCl +NaClO3+3H2O

(e) 4Fe2+ + 2 NH2OH 
-
4Fe2++Nro+4H+

0) IO3- + 3 tlso3- 
- 

t- + 3H+ + 3SO1-

G) Mnoz * I gCt * MnClz + Cl2 + 4 H2O

(r) slr + 4 HNo3 (conc.) 
-

H2SnO3+4NO2+2H2O

(i; 3 ng + a HNo: lrrrf ...*
3AgNO3+NO+2HzO

g1 + zn + lo lxo: 
1a,4 -

zl Zn (No3)2 + NHaNo3 + 3 H2o

I \n\ (a) 14; (r) HS- = t.25, HSOr- = 40.5;
(c) Mho2 - 43 S, KclOs= 20.4 ' <d) 2r'3

(?) 16 s (D Io3- = t7.5, HSOs- = 40.5;

G) 43.s (rt) sn = 29.7, HNor = 63;

() 21 i A) 7 .ttl

Total increase iD O.N. = 2 + t2 = t4
Hence, Eq. wt. = M/14
(y) Calculate the rotal change in O.N. of one
molecule of AtS3

AhSr=2As3+ +352-

_ . O.N. incrca6es +5 -
2 Asr. 

-+ 

2 AsOi-
by2x2=42S

+4
2 SO2

(d)3C12+6NaOH

W2x6,12



2- O.N. incrcases +6
35 3 (SO1f-

bv3x8=24'Ibtal increasd in o.N. = 4 + 24 = 28
Henc€, Eq. fi. = M28.

2. +z 2- +6 z-
(a) 52 03 *2S or
lbtalchange in O.N. of S - 2 x6 -zxz=8
.. Eq.wt.of szo3- = Mol. wr./8

= 712/8 = 14

-2 +2 2-
(6) (0 2 [H s]- ._ s2 03

Tbtal change in O.N. ofS

=2x(+2)- (2 x -2)=8
,.. Eo.wt.of Hs- - 2 x Mol qi'

,8

=2133=r.zs
+4+2-

(ii) 2 HSO3- 
- 

52 Ol-
Ibtalchange iD O.N. ofs - 2 x4 -2x2=4
.. Eq. wt. of Hso3- - 2 x l\'!ol wt

2 x 8l=--?-=lo s

+4 +6
(c) (i) Mno, 

- 
IQMnon

'Iblal change in O.N. of Mn = 6 - 4 = 2

.. Eq.wt.of Mno2= Mo! wt =55;32 =a3.s
+5 -1

(it) KCro3 * KCr

Tbtalchange in O.N. of CI = 5 - (- t) = 6

.. Eq.wt.of Kcloi = Moliwl - 12? 5 - 20.a6o
0+5

(d) Clz 
-2NaClO3Tbtalchange in O.N. ofcl = 2 x 5 - O = r0

. Eo. wt. of Naclo- - 2 x Mol wl'
10

2(23+3s.s+4R\
l0 -

-l +1
(e)2NHrOH-...N2O

TttalchaDge in O.N. = 2 x 1 - z (- t) = 4
.. Eq. wt- of NH-oH - 2 x Mol wl'

4
2x13=-4_=16.s

o(0rot-r-
Total change in O.N. of I = + 5 - (- t) = 6

.. Eq. *r. of lor- = 
Moli wr 

= 
12? 

-+ 
48 - 17 . s62

+4 +6
(i0 Hsoi - sol-
Tbtal change iD O.N. of HSOJ = +6-4=z
.. Eq. Et. of Hso3- - M'l *t - $ = lo .s

+4 +2
G) MnO2 * MnCl2

Eq. .*r. orMno2 = 
M'l*t =f = n..t

+4
(r) (l) sn ..- lt2sDo3

.. Eq.wr.of sn = 
At-wt =11!7-rr.,

+5 +4
(i0 HNo3 

- 
No2

Eq.wt. = 1r4q1.wt. = 1 + 14 + 4E = 63

+5 +2
(i) HNO, 

- 
p6

Eq. wr. = 11461.1y1.;3 = 638 = 2l
+5 -3

0) HNo3 -* [NH4]+
Tbtalchange in O.N. ofN - 5 - (- 3) = 8
.. Eq. wt. = Mol. 1l1.E = 63/8 = 7.8A

, (i) Normallty. equatlon. This equation is
based upon the law of chemical equivalints which
states that substances react in the ratio of their
equivalent weights. To derive this equation, let us
consider the volumetric titration between acidified
KMnOo and FeSOn solutions. Let N, and N, be the
normalities of KMnOo and FeSOo solutions respec-
tively. Suppose V, cm3 of N, KMnOo solution react
completely with V2 cm3 of FeSOo solution.

.'. V, cm3 of N, KMnOn contains KMnC)o
N.

= 1000 
, V, gram equivalents

and V, cm3 of NrFeSOo contain FeSOo

N,
= 1000 

, V, gram equivalents

Since substances react in ratio of their gram
equivalent weights, therefore,

tNormalityis dcfined as thc number of gmm eq u i!"lcn: 1', cigh ts of a substancc dissoh'ed pcr litrc of the sotulion.

9128 i t " ,, . Nett Coursc Chemistrglftffi
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NrVt/1000 = NzVz/1000

or N,xV,=N2xV2
This is called normality equation. With the

help of this equation, we can easily determine the
normality (N,) of anyunknovm solution if we know
thc yolume (Vr) of this solution which rcacts com-
pletely with another solution of normality (Nr) and
volume (Vr). Having determined be normality of
the desired solution, its strength can then be calcu-
lated by the relation,

coefficients, we can derive the molarity equation.
Consider for example, the vol,rmetric titrat'ion be-
trveen KMnOo and FeSOo solutions. The balanced
chemical equation for this reaction is

2KMnO. * 10FeSO. .f SH2SOn....-r
IQSO. + 2MnSOo + 5Fe(SO1)3 + 8H2O

Suppose V, cm3 of Ml fUnO. solution rea9
completely with V2 cm3 of M, FeSO. solution.

.'. V, cm3 of M, KMnOn contains KMnOn
M.

=mxV,moles
and V, cm3 of M, FeSOa cortain FeSOa

M.
=ffixVrmotes

- But.according to batanced redox Eq. (r), the
molar ratio inwhichKMnO. and FeSO.,eic't com-
pletely Ls 2 : 10. Therefore,

Ml Vll1000 2 MrVr M,V,
M:y'tr/tm = ld or -r-=-ff (i')

u,here 2 and l0 are the stoichiometric coefficienLs in
the balanced chemical equation (l). If we now repre-
sent these stoichiometric coellicients by n, ani n,
respectively, therefue, Eq. (g) can be rewritten as

Mrvr _ M2v2

nt n2

This is called morallty cquation and can be
used to determine any unknown quantity if the
otber tbree quantities are koown.

Jn gcneral for any rolumctric titration inrohing
rcaction be turcen A and B, the molarity equation is 

"
Molarity of sol. A x Vol. ofsol.A
No. of moles ofA in balanced Eq.

_ Molaritv of sol. B x Vol. of sol. B- No. of .otoEE-iiT iiEZEll

Strength = NormaLity of the solution
x Eq. wt. of the solute

The above method of determining the stoichio-
metry oI re owledge ofequivalent determine
as discuss ke atomic
rveightand molecular vreight, equivalent rvcight is
not a fxed quantity ; it varies from reaction to
reaction. In view of these difficulties, it is easier to
express the concentration of a solution in terms of

moleVlitre) rather than
e days, morality cquation

(i) Molarlty equation. In order to derive
molarity equation, we must know what are
slolchiometric coeflicients. For this purpose, con-
sider the following general balanied- chemical
equation for a redox reaction,

oA+b8.......>cC+dD
Here A and B are the reactants while C and

D are the products. The coefficients a, b, c .and d
are called stolchlometric coefiicients. These coef-
ficients indicate the number of moles of the reac-

Io all rypes of titradons, N,V, = NrV, bur MtVl * M2V2
Ilowever,
titrations,
equation a
ofelectroo



9/30 ; - Ne.4 Course Cltentistrg

?n P-.'.o...i[* ''' 
l)( )\ l'l rlt rl lo\i

I.l\.\XIPi,la 9.I5.A potticalat acid rain water
contoins sulphite (Sq-) ions. II a 25 . 0 cmt sample

oI this water reqies i5.0 on' of 0.02 M KMIOI
solution for titruti what is the amount of SO!-
ions per litre in rain wakr 7

Slcp,..Tb write the balonced eEta-
tion lor the rudu rcaction.

MnOa- + 8 H+ + 5e--+ Mn2+ + 4HrOl x 2
so3- + H2o 

-sol 
+2H++ze-lx5

2Mno; + 5SOl- + 6g+ -r
2Mn2+ + 5 So?- +3H2o

Step 2. To determine the moloity of SQ- ion

:tolulion.

. 
Let M, be the molarity of SOI- ions in acid

rain water. Applying molarity equation,
M,V. M.V.
---= (So3-) = ---:--1 (Mno;)

we have, '
Mr x 25 35 x 0.02or5=z
Mr= 35x0.02x5

=0 07') ,! )<

Thus, the molarity of SOr2- ions in acid rain

water = 0.07 M.
Mol. wt. of Sol- ions = 32 + 48 = 80

.'. Amount of SO!- ions in rain water

=0.07x8=0'56gI-r.
i._\ '\:li' ) 1.. l.44goIpure FeCrOo was

dissolved in dil. HSO| snd lhe solution diluted

b 100 cnf. Colculate the volume of 0.01 M
KMrtO, reqtired to oidise FeCrO. sohttion com-

pletely.

S..qfqtlort. Step l. To write the balanced equa-
tion Ior the redox reaction.

Both the cationic and anionic components of
FeCrOo (ferrous oxalate), i.e., Fe2+ and QOI- are

oxidised by KMnO. to Fe3+ and CO, respective ly.

the complete balanced redox equation is

5 Fe2+ + MnOr- + 8 H+ """'>

5Fe3++Mn2++4H2o

5 qo'?4- + 2 MoO; + t6 H+ 
-10cO2+2Mn2+ +8HrO

5 FeCrOo + 3 MrO; a, 2411+ --->
5 Fe3+ + 10 Co2 * 3 Mnz+ + tzHzo

Step 2. fo determine lhe molaity of FeCrOa

solution
Mol. wt. of FeCrO.

=56+2x72+4x76=1449
Wt. of FeC2O4 dissolved = 1 ,14 9

Volume = 100 cm3

- Molaritv=I&!E!L, *--1ffi
=1,f " 19 = 0., tt44 lN

Step 3. To calculate lhe volume of 0 01 M
KMIO. solution

Applying molarity equation tobalanced redox
equation,

M.V,
,j tn"c'o')

0 1x 100or5

M,V^
= ' '(KMno,)

,'2

0.01 x V2

3
_. 3 x 0.1x lmor Vr=ffi=600cm3

Thus, volume ol 0.01 M KMnOn solution re-

quired = 600 cmt.
IaXA.I\IPLII 9.17.25.0 crrf oI a solution con-

taining 15'0 g oI a panially ctxidisied sample of green
vitriol (FeSO o .7 HrO) per libe requircd 20.0 cm3

ml of 0 01 M potassium dichromate sofution for
oidotion in acidic medium. Find out the pertentage
purity of the given sample of green vitiol.

Sllution. Step |ro wite balanced equarion

lor the redox reaction

IqCr2O? + 4HrSO.-----*

IQSO, + Crr(SOn)3 + 4HzO + 3 O

2 FeSOa + H2SO4 + O 
-Fer(SOo), + H2O Ix 3

IqCr2O? + 6 FeSOa + 7 HrSOo--+

Iqso4 + cr2(so4)' + 3 Fer(Soo)' + THro
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From the above cquation
1 mole of KrCrrO, = 6 moles of FeSOo

Step 2. Tb find percentage puity of geen vitriol.
Let M, be the molarity of the oxidised sarnple

of grcen vitriol. Appllng molarity cquation, we
have,

M,x25rfJJ {r*so.) = 4fg t,.,.tr.,1

2 KI + H2SO. + HzO2 +
K.SOI +Iz+HzO

2 NarSrO, + I, -+ NqSoO. + 2 NaI

2 KI + H2SO4 * 2 NarSrO, + H2O2 .*
ItSOn + NqSoO6 + 2NaI + 2H2O

From the above equation,
1 mole of HrO, = 1 mole of lz

: 2 moles of NarSrO,

Step 2. Tb lnd out the concentration ol H 20 Z
Let the molarity of HrO, solution = M,
Applying molarity equation,

M,V, M-V--"-::(H2O2) = f 
(NurSrOr)

M1 x25 10x0.1or1=z

or M, = 19-I!-1 = o.o2 M

Mol. wt. of H2O2 = 2 x I + 2 x 16 = A
.'. Concentration of HrO,

= 0.OZ y.34 = 0.6Eg L-I.

Deutralization of fcrrous calate solu iD acidicmedium. I .f S0 trlU
6. Metallrc rin in pres€nce of HCI is oxidised by

IqCr2OT to stannic cbloride. What volume of
decinonnaldichromate solutioD will be reduced ty
l g of rio ? At. 1+t- of Sn = I18.?)

[ 336.9 cm3l
7. tlow many millimoles of potassiu chromate is

requ
solut

4,2.48

of rhe solution. 2I) cm3 of thb solutioo r€quired l0
cml of0.0l M iodioc solutioo. F.lnd out rhe valueor-t I ,5l

or M, =
20 x 0.01 x6

25 = 0.048 M

Mol. wt. of FeSOn.T HrO

= 56 + 32+ 4 x 16 + 7 x 18 = 2it8
Wt. of pure FeSOa.T H2O

= 278 x 0.048 = ti.344gL-1
'% purity ofgreen vitriol

13.444= 15 x 100 = EE.96

in acidic medium and lhe liberuted iodine required
10.0 cru3 of0.) M thiosulphate sohttiott. Fiid our
the concaimtion olHrOrin grams per litre ?

S_S!!ISL Stepl.Tb wite the boluncett chemi-
cal equotion of the redor rcoclion.

I. Calculatc the volume of 0.05 M KMoOa solution
required to uidise completcly 2.
(H2qO, iD acidic medium.

2. How maDy grams of I(2G2O7

cidise Fe2+ present iD 15.ZgofItSOa to Fe3+ if
thc re€ction is carricd out in aD acidic medium.

3. ls .0 cm3 of 0. t z M rrrlno. solurioo 
Ia 

ijl
to qidise m.0 ml of FCSO. solurion in acidic
medium. What is themnc€ntration of FeSOa solu-

l,\nsst.67%l

i
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9. 0.2gof asampleof H2O2 reduced20 ml cf " t li{

KMno4 solution in acidic medium' What is the

pcrcrntage purity of the samPle of H2O2 ?

[ \ns t57o]

10. 16.6 g was dissolved iD

wate; uPto one litre' V

cm3 of with 20 cm3 of2

M HCI quired l0 cm3 of

decimolar KIor for comPlete sridaticn oi I- icns

to ICI. Find out the lalue of V [ .\us. 20 cm3l

1r. Both cr2ol- (4q) and Mno4- (44) csn bc uscd to

titrate Fe2+ (4q). lf in a given titration, z'50 cm3

of0 1 M Crzol- were used, then what volume of

0. 1 M MnO; solution lvould haYe been used for

the same titration ? I At's. 29.4 cm3l

FORDIFFICULT r2R.O

l. Balanced equation for the redo'x reaction is:

2KMnOa + 5 (COOH), + 3 HrSOo-
Iqso4 + 2Moso4 + 10 co2 + 8H2o

No. of moles of oxalic acid = 2 70/90 = 0 03 mole

From tbe balanccd cquation,

5 moles of (cooH)2 = 2 moles of KMnor

.. 0.03 moleof (cooE)z=215 to ol

=0 0'12 mole of KMnOa

Now 0 05 mole of KMnOI is present in solution

= 1fi)0 cm3

. . 0 0'12 mole of KMnOI is Present in solu(ioD

_ 1000 x 0 012 - 240 cm3
0.05

2. The balanced chemical equation for theredoxreac-

tion is :

K2Cr2o7 + 6FcSOa + ? HrSOr....

Iqsoi + Cr2(so1)3 + cr2(Sod3 + 7 H2o

From the balanc.e(r ,'quaiion, ii is clear that

6 moles of Feso4 = 1 mole of lc2cr2o?

or6 x 152I of FeSOa are orddised bY

l,tct|O1 = 294 g

or 15 2I of FeSOl are oxidised by IqCr2OT

--2!-,,<.'t- 6 x ls2 " '- -

=4.98
3. The balanced chemical equation for the redox reac-

tion is :

2 KMnO4 + l0 FaSOo + 8 HtSOo 
-

IqSo4 + 2MnSO4 + 5 Fe2(Sod3 + 8 H2o

APplyiog molarity equatioo to the above redox

reacticn,

15 
to 

12 truror) - 
20 

i.,M 
I 

tn"so,)

or ru, = 1lffirJ9 - 6 a5 v
4. Balaoced chemical equation for the redox reaction

is:

2 MnO4- + 16 H+ + 5 qol- 
-

2 Mn2+ + 10 co2 + 8 tl2o

ApPtYing molaritY equation'

Mr 
i 

10 
rcroi-) = 

o cl,"8tunor-)

or Mr =0 02M

Mol. wt. of qol- = e€

Conc. of qO;-ingL-l =ea xo 02-I 768

% qol- =L:!! J)oo =ss'67.

5. MolaritY of Ieqol solulior

=#=o.ortro
The balanc€d chemical equaiion for the tedox reac-

tion is :

5 FeqOl + 3 MnO4- * 2411+ *

5 Fe3+ + 3 lr{n2+ ' 10 Coz + 12 Hzo

AppllDg molaritY equation, we have,

0 013x v (lvlno4-) = 
0 025-x 100 

lpec2oa)

-- 0025x100x3or v - --3-i-6TT-
= 150 cm3
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6. Balanccd chemical equatioD is:
ZK^CrzO7 + 3Sn+28HCt 

-2(: x39+2 x5:+7x l{,) 3x 116 7

=2x294 - 356.t g

=5E8s
4KCl + 4 C[CI3 + 3 Sncta + l4H2O

Now 356.1 g Sn react wi r IqCr2OT = 588t

.. l gSn wil reacr with IqGrO? = ;:qig
= I .6519

Eq. *t. orK2cr2o7 = 
t'of* =?=0,

Decinormal K2C[2O7 solutio[ means l00O cm3
solurior-r coritaiiis 1.9 g y\Crzol, i.e. 1.9 g
IqCr2O? are present iD l00O cm3 solution

.. l 65t I K2CtzO:. wil be present in

1000
{f x l 65l cnrr = 336.9 crn3

7. No. of mittimoles of IqCrzOT presenr in 24 cnt3 of
0 5 Msolution = 24 x 0.5 = t2
The balanccd chemicalequation for rhe redox reac_
tion is :

K2CI2O7 + 6 (NUa)2SOa. FcSOa. 6 H2O + 7 H2SOa

- 
IqSO4 + 6 (NH4)2SO4 + 3 Fe2(SOd3

r cr"(So4)j + 43 H2O

Fiom rhe balaDced equation,
6 moles Mohr's satt are oddised by IqCr2OT

- 1 Drole
.. 12 n'tillimoles of Mohr's salt will be oxidis€d by

K.Cr-O-=lxrr..t 6

= 2 millimolcs
t. The balaDced equatioD for the redox reactioo is :

2 Na2S2OJ + Iz ...-,Na2SaO6+?NaI

Lct thc nlolarity of NES2O3 .x H2O solution = Ml
Applying molarity equatioD to rhe above redox
rcaction, we have,

M, x20_--_ ('! .2u3) = i (I2)

.. Mt=oolM
Mol. wt. of Na2S2O3 .-rH2O

- 2 x 23 + 2 x 32 + 3 x 16 +.r x 18

coi.j'iD.
= 158 + l8.r

.. Amouflt of Na2S2O3 .rH2O prescnt per litre

- (1s8 + 18.r) x 0.Or 8
But the adual amount dissotved = 2.48 g
EquatiDg these values, we have,

(15t + 18r) xo.O1 =2.48 orr=s
9. No. of moles ofKMDO4 prcsent in 20 mlof0.1 M

KMnO{ solurion = -?9- " 9.1 = 2 x l0-3
The balaoced equaron for the redox reaction is :

2KMnOa+5H2O2+3H2SO1--

K2SOa + 2MoSOa + 8 H2O + 5 02
From the equation,

2 moles of KMnO4 = 5 moles of H2O2

.. 2 x 7O-3 moles of KMDO4 will react with

arOr=|xz xro-3=5 x to-3 rroles

Mol. w1. of H2O2 = 34

.. Amount ofH2O2 actually preseot

=34x5xtO-3=O.l7g
:. %agepuityotH,O, =ffi x roo = rs

10. The ctremical equation for the redox reaction is :

IO3- +2I- +6HCt+3ICt +3Cl- +3H2O

Molarity of KI soturioo = 
1it;u 

= o I frl

Applying Dolariry equaUon,

$Jror=!i!1,oo,,
or V=20cm3

11. Suppose V, cm3 of M, Fe2+ is ritrated agaiost

2 50 cm3 o.r M Crrol- and V, cm3 of 0.1 M
Mn04- solutions, then,

?1{-!11c,,q-) -',,v, ir",*y (,
Vr x0.l M^V-

cnd ---- (MnOo-) = -i-:1Fe2+) ...0.r)

Equating (i) ard (ii), Vr = 29.4 cm3



coll. Thus,

bridge.
When the switch is in the off position' no

reaction takes place in either ofthe beakers and no

9.13.1. Construction
an Electrochemical

I'(u

ELECTRON
FLOW

zSol

of
Cell

so.'- l"-
l@

zrN c
ROD

CATHODE

COP P ER
ROO

CUSO4
SOL.ZnSo4

SOL,

--ten-i*n 
a."-,r"frt" is onc whotc ioo6 do not tslc part in the rcdox reacti do not tcsct wilh lhc solutioN of thc

clcctrolytcs takcn ln th" tcur"ts' not "-tfr""jxE 
tTiti'Iiii''Jtjiri "* "i thc is silvEr 

'tccttodc 
containirgAgNo3

"olurion 
u.**" XO ,"acts with AgNO3 6olutioo to form white PPt of AgCl

i. lndirect Redox Reactions-
Electrochemical Ce[ls

,4n electrochemical celt or simply a chemlcal cell

the above redox reaction
indirectly, Place zinc rod

in 1M ZnSOn solution in

the lefl beaker and a coP-

per rod in a lMCuSOo

solution in the

salt solution in each

bcaker both the reducedDCaKCT UULIr

anri oxidized forms of the 
',Gr 

rRF sFIGURE 9.2. An electrochemical or galvanic cell

same sPecies are Ptesent'
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current flows through the metallic wire. As soon as
the switch is in the on position, the voltmeter shoqrs
a deflection thereby indicating the flow of current
through the circuit.

Let us investigate as to why this current flows.
This currcnt is due to chemical reactioa taking
place in two beakers.

Zil (s) 
- 

Znz+ (aq) +2e- ...(r)

d* (oq) + 2e- --.+ Cu (r) ...(O
The overall reaction taking place in rwo

beakers is

Zn (s) + C\2+ (aq).-...- Z.*+ (a4) + Cu (s)

migrate from CuSOo solution to the ZnSO. solu-
tion.

. 9.132. Salt bridge and its funcflons. The two
main functions of the salt bridge are as follows :

. .(i) It a[ows the movement of ions from one
solutron lo the other without mixing of the two

ZnSO!
soL.

FIGUBE 9.3. A popular form of DanleX ce[.

ectrons flow in the outer
r cLcuit is completed by
olution to the other and

(ri) It helps to maintain the electrical
oeutrality of the solutions in the two half cells due
to flow of ions (e.g. SOI- ions may shift and com_
bine with the Zn2+ ions in the hrst half cell).

, ,lf the salt btidge is not cmployed the flow o[
etecuTc cunent will not occur as e>rplained below : 

'

The moment the two rods are connected by a
copper wire, the flow of electrons from zinc to

As Zn2+- ions are produced near tbe zinc rod,
an equal number of SO!- ions will mou" fronr i#

COPPER
VESSEL

POROUS POT

soL.'
zrNc Roo
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a result. the solutions in the two beakers remain

electically neutral and lhus allow lhe electic cwrent

to llow.
9.133. Salient featurcs ofan Electrochemical

cett. Som" important foatures of an electrochemi-

cal ccll are sumarized below :

(i) Thc zinc ro occurs

is caliid the anode which

iieietluction take" d"'

half cell reactions'
(v) The two half reactions always take place

simulianeously, i.e., ha[ cell retctions cannot tokc

posltlYe Polc or electrode'

om the negativcPole

to nal circuit However'

;; suid ro flow itr' tltc

current falls with the passage of time'

(ir) As a result of rcdox rcaction' lhe weight

,'r .Jn.i"i rod increuscs whilc thut uf zinc roJ

J..r.'ri.t rr,lI' g"in and loss in wcights oIthc nrcti'l

.,,,t. i. ln ttt. raio of thcir equiYalcnt wcights For

example,

l-oss in wcil,ht ol Tinc rod E(l' \\4 o[ Ztr

GffiGshGf .qrP.**t - Eq 'r1 of cu

-325031.75

Somc imporatnt gcneralizi'tiorts atrout an

ele ctrochemical'cell maybc summed up aslollows :

Oxidation occurs at lhe anodc whilc reduction

-oi..ru's at the cathode

A.node aca us a negativ€ Pole Pl'i& calhode scls

unode lo ctthoile in the eier-
urrent lows from calhode lo

unode.
Chtmical energ ol lhe redox rtsclion occutnng m

the galvanic cell is converted inlo electrlcal energ'

The two main functions ol the salt bridge are

as follorvs:-
(,) r

onc soluti
solutions.
(rvhcreas
wirc).

Onlv for which the sone ionic mabilitier (i'e' dirlance trovellzd

by in nder a pot ) orc wed os electrolftet in the sah briclge' Tltus

"riil od Nuox acl' NaNo3 and Na2soa'

Among corions, H+ ion lws the hig!rcst ionic nobiliry and among anioru' OH- hat tlrc highesl ionic mobility'

:n i i&i" 
".oiri,y.rsome 

common cations and anions follous lhe ordcr :

c"tion", rr+ > NHf, = 6+ t Ag* , cr'* < NIg2t, Na+ > Lr+
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ADb To'lci0h kNowrcocr coi\'tD.
Anions: OH- > SO;- > cl- > NOt > CO3- > F- > CH3CoO-.

iiii -r. Agrr-ugor is a seaweed coUoid. Ilb a mbowe of two polysacchorides, i.e. agarose (main) ond agorcpectirl lt.
dissolves in hot water and sets, on cooliDg, to a jelly at concentratioo as low as 0.57o. Its chief uscs arc as a
solid medium for cultivating micro-organisms, as a thiikner, as aD eorulsioo stabilizer in food industry and as
a laxativs.

9.13.4.ReprtsenlatlonofanElectrochemical flE
Cell

An electrochemical cell is ropresented in a

manner as illustrated below for the Daniell cell :

Zr I hl+ (cr) llcu'?+(cr) | Cu

By convention, the electrode on which oxida-
iion occurs is written on the left hand side and the
electrode on which reduction occurs is written on

represent the concentratiou of Zn2+ (aq) ions and
Cuzt (a4) ions respectively.

In a similar manner Cu - AgNO, cell may be

represented as Cu lCu2+(q) llAC*(.J IAC
Instcad of writing siugle vertical liaes, some-

times semicolons are used. Thus, the above cells
may be represented as

Zn iZnz+ (c) llcu2+(cJ; Cu

cu; cu2+(q) llAc*(%) ; Ac
Further, when the ions are in direct contact

e.g. for Daniell cell using a porous pot, a single
vertical line instead ofa double vertical line is used.
Thus, in such a case, we have :

Zr;Z*+ (cr) I Cuz+(q) ; Cu

9.14. Electrodc Potenlialij,. :, .:r,: : ,: :j,: :i,: . r,.:' ':. ., r.. ' :. '. : i',: ': : :: :: : r.

9.14.1. Delinitlon.
It has been discused above that each

electrochemical cell consists of two electrodes or
half cells. Each electrode, in turn, consists of a
metal dipped in the solution ofits own ions. At ore
of these electrodes, oxidation occurs while at the
other, reduction takes place. In other words, one
electrode has a tendency to lose electronswhile the
other has a tendency to gain electroN.

Further, the electrode potential is termed as

oxidatloD potenual if the electrode loses electroas
and is called the reduction potentlsl if the
electrode gains electrons. Oxidation and reduction
potentials are just reverse of each other. For ex-
ample, if the oxidation potential of an electrode is
.r voltr then its reduction potential is - .r volrJ.

9.141. Effect of Concentratlon (or m€tal
ions) and Temperature on the Electrod€ Potentlal

- Standard Electrode Pot€ntial,
When an electrode say zhc rod is dipped in

the solution of its own ions, the following two op-
posing tendencies may occur :

(i) The zinc atoms of the rod may lose electrons
to lorm Zi+ iom which pass into the solution and
the electrons thus released accumulate on the rod
(Ftg.9.a a).

zt (s)""-' znz+ (aq) + 2 e- (oxidation)

(ri) These accumulated electrons may attract
the Znz+ ions from the solution to form atoms of
zinc metal which get deposited on the zinc rod.

OXIDATIONTENOENCY REDUCTIONTENDENCYoo
FIGURE 9.4. Development of a

Dotential difiercncc between'la\ Zn and Zn2+' ions and (b) Cu and Cu2+ iorB.

electode potantial
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Z*+ (aq) + 2c- + Zn (s) Qcduction)
These two opposing tendcncies will continuc

ancl evcntually thc tbllowing cquilibrium is
reached.

Zn (,r) 
==l 

Zn2+ (aq) + Zc-
Now if thc motal has a higher tcndcncy to get

oxidised, then at equilibrium the metal rod will
acquire a net negalivr, charge h).rt. thc solution. Il
however, the metal ions have a highcr tendency to
get reduced (Fig. 9.4 b), a net positive charge will
develop on the rod nzrr. the solution. This separa-
tion of chargcs, in turo, creates a potential dif-
tcrence betrveen the metal rod and the solution.
?-ltis potential diffcrence whiclt is set up betwacn the
trlctol atd. its own ioh- iit the sohttion is colled the
electrode potential, Tho magnitude ofthis potential
diffcrcncc, however clepcnds upon thc following
lactors.

(i) the ndturc oI the nrtql and its ions
(ii) the concentrarion of the ions in solution
(iii) teruperaturc

Thus, we conclu<le that clectrode potentials
dcpcnd upon the concentration ofthe mctalions in
solutioo and the tcmperature. Therefore, electrode
poleltials are gcnerally measured undcr standard
conditions i.e. 7 molar concentrulion of ntetal ions
(1 nnl L-t) ond a tempcratute of 29ti K and arc
colled staodard clectrode potcntials ancl are
tlenotcd by E".

Thus, to definc a standard clectrode potentiaLl
for a half cell or an clcctrode, wc writc

Cu2+( l mol I--1, aq) + 2d- --"- Cu(s)
Thc equation tbr the lulf cell is rvritten as a

red ction reaction and rhc electrode potential is
callc d,rt au do rd rcdr tc lion potanl a l.

9.14.3. Measurement of Standard Electrode
Potcntial.

'I'hs absolute value of potcntial for a single
clcctrodc cannot be mcasurcd directlv because of
the following Lwo rcasons :

(i) A holf ccll reaction cannot take ploce inde-
Pendently.

(ii) It is a rclative tentlency b lose or gqin
electrons.

(iii) For puryose of nuqsurcnrcn4 as )-oon as
otlolhct melul conductot i,t prtt into thc tolution, it
will sct up its own pote tiol.

In view of thesc diffrculties, the electrode
potential has to be mcasured against some rcfer.
ence electrode. The reference electrode u.sed is the
standard or normal hydrogen electrode (NHE).

It consists of a platinized platinum electrode
(platinum electrode having a coating of black
platinum) dipped in 1 M* (more precisely unit
activity) solution of H+ ions (1 M HCt) at 298 K
and pure hydrogen gas maintained at a pressure of
1 bar* is bubbled through thc solution containing
platinized platinum electrode (Fig. 9.5).

H2 GAS AT
1 BAR PRESSURE

COPPER WRE

BUBBLES
OF H2 GAS

Hg

lrcl soL.

PLATINUM FOIL
COATED WTH

Pt BLACK

FIGUPE 9.5. Standard Hydrogen Elechode.

The finely dividedblack plathum coated over
plaiinum absorbs H2 and thus herlps to establish a

rapid equilibrium betvr'een Ii2 and H+ iorls :

When in a ccll, this electrode acts as theaaoda
i.e. oidation takes place, the tbllowing rcaction
occurs, i.e., some hydrogen gas changes into H+
ions which go into the solution.

Hrk) 

- 

2H+(aq) + 2e-

When this electrode acts as the cathode, i.e.
reduclion takes place, the lollowing reaction oc-
curs:

zH+(sq) + 2e- + H2k)

i.e. some H+ ions from the solution change
into H, gas. Thus, tie electrode it rcverrible witlt
rcspect to H+ ions, This electrode is usually rcpre-
sented as:Pt, H2G, l bar), H+ (aq,cotc:c)

nrc ekctrode potcntiql of tlrc standard
Itydtogen electrode is tuken ss zero.

_'The_activiticsofpurEsolidsandliquidsor€lakclasunityandindilutcaqucoussolutions,thcactivityofagiv.nsolutionis
nearly equal to its ftolarity. For gaseous spccies, thc activityis nearlyequal to its pafiisl prcssurc cxprcsscd in bi. Thus at 1 bar
pressure, thc activity of thc (ascous species is ncarlyone.

l'radtcy's Neu, Coatse themistr4 &Il1I!
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To determine the electrode potential of any
electrode, a cell is set up using this electrode as ons
of the electrodes and the second slectrodu is the
standard hydrogen electrode. The EMF of the cell
is measured. As the EMF of the cell is thc dif-
ference in the electrode potentials of the two half
cells and since the eloctrode potential of the staod-
ard hydrogen electrode is taken to be zero, there-
fore the EMF of such a cell will directly give the
electrode poteotial of the cell under investigation.

The direction of flow of current further indi
at
to

vent o.iti;"
sign oxida-
tion gation
with

The determination ofelectrode potential may
be further illustrated with the help ofihe following
two simple examples :

(i) Determination of slandard electrode
potential of Zn2+ / Za ele&rode. A cell compris-
ing of zinc electrode, i.e-, Zn rod immersed in
1 M ZnSOn solution is on the left and thc standard
hydrogen electrode on the right is set up as shown
in Fig. 9.6.

Here, the reading ofthe voltmeter is 0.76 volts
and the direction of flow of electrons is from zinc

electrode to the hydrogen elcctrode. Since oxida-
tion occurs at thc zinc clectrode, therefore, the
standard electrode potcntialfor Z*+ /Znhalf cell
is - 0.76 volt.

The two halfreactions taking place in this cell
are :

Zn(s) 

-> 
Zna+ (aq) + Zc- (oxidation)

zE+(aq) + 2c---.-..-,}{,6) (reduction)

(u) Delemrlnation of tbc standard electrode
potential of Cul +,/Cu electrode. A cell comprising
of standard hydrogen elcctrode on the let and
copper electrode , ,'.e., Cu rod immersed in
lM CUSO. solution on the right is set up as shown
in Fig. 9.7.

Here, the EMFof the cell comcs out to be 0.34
volt and the direction of flow of electrons is from
the hydrogen electrode to the copper electrode r'.e.
reduction occurs at the copper electrode. Since
reduclion occurs at the coppcr electrode, there-
fore, the staodard electrode potential for Cu2+/Cu
half cell is + 0-14.

The two half reactioru taking ptace in this cell
:ue :

ttzG) 

- 
?lt+(aq\ + 2n- (xidation)

Cl2+ (oq) + 2,- ---.....r Cu(.r) (reduction)
Similarly, we can determine the electrode

potential for non- nrelals which givc ncgative ioDs

H2 GAS AT
18AR

PR E SSUR E

VOLTMETER

SALT BRIDGE

,I M HCI
sot

Pt FO'L

FIGURE 9.6. Measurcrnent of stan dard ele ctode rritenial o[ Zn2+ / Zn
elec1rode rBing cbndand hydrogen as lhe re[e;n.; ;tb";;. ' -
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in aqueous solution. For example, the standard
electrode poteDtial of chlorino can be determined
by using an electrode con"sisting of Cla gas at one
bar pressure in equilibrium with t molar concentra-
tion of ch.loride ions. The half reaction for such an
electrode is

cl2@)+2e- '.""- zct- (aq)

Further, by using standard hydrogen
electrode, we can determine the electrode poten-
tial for metal ions involving variable oxidation
states. For example, the electrode potentialfor the
system, Fe3+(a4) /Fe2+(aq) is obtained bymeasur-
ing the EMF of the cell given below using Pt as the
inert electrodes,

Pt lHrG) lH3O+(aq) llFe3+ (aq) ;Fez+ (aq)l Pt.

From the above discussion, it follows that a
metal in contact with its own ions constitutes a half
cell and if we join two half cells together yia a salt
bridge, we get an electrochemical cell. For ex-
ample, Daniell cell can be made by joinitrg the two
half cells i.e., Zn (s)l Znz+ (aq) and Cu (s)/Cu2+
(aq) by a IQSO. salt bridge or tho two half cells are

separated by a porous pot.

'l: 1 ,r,c,r

lMHCI
soL.

FIGURE 9.7. Measurement of standard electode poiential ofCu2+/Cu
electode LLsing standard hydrogen as the reference electrode.

been arbitrarily taken as zero. By convention,
slandatd electrode potentials refer to reduction reac-
lions. It is because of this reason thot earlier they
were refernd lo as standard reduction electrode
potentiols. If, however, reactions are written in the
opposite way i.e. as an oxidation reaction, the
electrode potentials are referred ao as standard
oxidstion electrode potentials. Since reduction half
reaction is just the reverse of oxidation half reac-
tion, the oxidation potential of any electrode is
obtained from the reduction potential just by
sfinnging the sign. For example, the Jran dard reduc-
tion potential of the electrode Znz+ /Zt (aq) for the
reaction,

Zn2+ (aq) + 2z- ----.-----, Zn(s) is - 0.76 \
then the standsrd oxidation potentiol of lhe

elecftode Z,a./Zrl+ (aq) for the reaction,

Zn(s)- Z*+ (aq) + k- is + 0.76Y.

According to the latest convention adoptedby
IUPAC, the terms standard oxidation electrode
potential and standard reduction electrode poten-
tial are not used but only the term standard
electrode potential is used and the half cell reac-
tioos are always written as reduction reactio[s.
Furthcr,

Standard electrode potential is given a posl.lhe stalrdard electfode oolentrals ol a
larse number of erect.odes have bJeln;;;;#.; ttve sl8,r.if rcduction occtt* otthat eleclrode L''rt' lhe

--- - --'...--*:----* stq,tdard hydrosen electrode and is giverr a negative
usinc standard hvdroscn electrode as the reference -':"-:;' !|:.4
elecirode, for rihich the electrode potentiat has srgn u o*qalron occurs 4I Ine etectroae w'iL tne
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standa hydmgen electode. Futhq the mognitude
ol lhe slandard elecEode potential is a measure oI the
tendency of the haff reaclion to occur in the torward
direcion i.e., in lhe direction of reduction.

The standard electrode pot€ntials of a num-
ber of electrodes at 1 M concentration of the dis-
solved ions at 298 K are given in Thble 9.1. In this

table, the reducing agents are written in decreasing
order of their strength i.e., the tendency of the
oxidation half reaction goes on decreasing as we
move from top to bottom. Such a llst of reducing
agents amnged in deoeasing order of thei strength
is cdlled the actiity or €lectromotlve or
electrochemlcal serles.

t'ABLE 9.1. Standard electrode potentials at 29E K

Electrode Reoction

Lt', (4q) + e

K+ @q) + c-
Ba2+ 1oq'1 + zr'
Caz+ (aq) + 2e-

Na+1aq; + "-
u{+ 1aq1 + ze-

AJl+ 1aq1 + zc'
zEzo(t) + 2e-

7n2+ (aq) + 2e-

cf+ pq1 + t"-
Fez+ (aq) + 2e-

Cd.+ (oq) + 2e'
PbSOa(r) + 2e-

c&+ @q) + zc-

Niz+ (oq) + 2e -
sn''(aq)+2e
Pb2+ (oq) + 2c-

Fe3+ 1aq1 + le'
2H+ 1a41 + ze-

AgBr(r) + e -
Agcl(r) + .-
Cuz+ 1a41 + c-
Crl+ 1aq1 + zc-
Cu+ 1aq1 + e-
126) + 2c'

ozg) +2:g^+ +2e-

Fe3+ 1oq'; + e-
tt$+ @q) + zc-

L(')
K(r)

Ba (r)

caG)

Na(r)

Ms(r)

Al(r)

H2(g + 2oH- (oq)

zn(t)

CrG)

Fc(r)

G(r)
Pb(') + sol-(aq)

co(r)

N(r)
Sn(r)

Pb(r)

FeG)

H2(g) (standard cl€ctrode)

Ag(8) + Rr-
Ag(r) + ct-
cr*(oq)

Cu(r)

Cu(s)

2l- (aq)

HzOz(I)

F"'* (oq)

2Hs(I)

-3 05

-2.93
-2.90
-2 47

-2.'71
-2.31
-1.66
--{ 83

{).76

-0 74

---0.40

--4.40

{).31

-4.28
-4.25
--4.14

{).13
---0.036

0.00

+ 0.'10

+ O.22

+ 0 18

+ 0.34

+ 0.52

+ 0.54

+ 0.68

+O7'l
+ 0.79
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TABLE 9.1. Contd.-.-..

Ag+ 1aq 
, + "'

llgz+ 1aqy + ze-

Not(aq)+4H+ + 3d-

Br2(g) + 2e-

)oyg * zarot lo, t z.-
crro|-1oq1+ 4Ir+ + 6e-

ClzQ) + 2e-

Mnoa-(oq) + 8H3O+(a{) + 5e-

nu3+(oq) + 3e-

H2o2r'q) + 2t1+ +2c-

Co3+1ary; + "-
F2G) + 2e-

......- Ag(r)

.......- IIg(l)

- 
NoG) + 2H2o (I)

+ 2Bt-(oq)

- 
3H20(l)

- 
ZCf + 

@q) + 1H2O (s)

- 
2ct-(4q)

- 
Ynz+ 1aq'1 a 1211r91q

- 
Au(r)

_ 2H2O(t\

- 
coz+ (aq)

+ 2F- (aq)

+080
+ 0.85

+ o.97

+ I .08

+ 1.23

+I33
+ 1.36

+ 1.49

+ 1.50

+ I .78

+ I .81

+ 2.A',1

9.15.1. Applications of the Electromotlve
Series

Some of the important applications are given
below :

' f. To comparr th€ reducing and oxldlslng
capability of elem€nts. II lhe standard electrode
potentiol is great$ thon zero, then re&tced lorm is
more stoble than hydrogen gas. Similarly if the smnd-
atd elecfiode potential is negative, then hy&ogen gos
is ntore stoble llrun llv rcduced Iorm oI species. ln
other words, a negative Eo means that the redox
couple is q stronger rcducing agenl than the H+ /H2
couple ond a positive E" means thst lhe .redu couple
is u wcaker reducing agenl lhan lhe H' /H2 couplc.

The standard electrode potential of fluorioe is the
maximum in the Table 9.1, therefrrre, F, is the

strongest oxidising agent and F- ion is a very poor
reducing agent. Since the standard electrode
potentials of halogens decreases in the order
F2 > Cl2 > Br, > Ir, therefore, their oxidising
power decreases in the same order, i.e.,
F2 > Clz > Br, > [r. Conversely, the standard

electrode poteutials for halide ions decreases in the
order : I- (- 0.53 V) > Br- (- r'08 V)
Cl- (- 1 36 V) > F- (- 2'87 V), therefore,
reducing powers of the halides decrcases in the
same order, i.e., I- > Br- > Cl- > F-

Among alkali motlls, l.i (- 3 05 V) has the
lowest while Li+ ( r' 3 0-5 V) has the higlrcst

electrode potential, therefore, Li metal is the
strongest reducing agent while Li+ is the weakest
oxidising agent. Since the electrode potentials in-
crease in the order Li < K < Na therefore, their
reducing power decreases in the opposite, i.e.,
Li >K>Na.

Besides the above applicationq electrochemi-
cal cells are exten"sively used for determining the
activity coefFrcient of electrolytes, pH of solutions,
solubility product and for potentiometric titrations.
Electrode potentials can also be used to determine
the stability of inorganic and organic species.

From the above discussion, it folloux that a

rnetal which lies higher up in the series is a better
reducingagent in the aqueous solution thanthe one
which liesbelowit. Ttrs, whereas zinc can displace
tin, lead, copper and other metals lying below it
from the aqueous solutions of their salts but copper
cannot displace lead, tin, zinc and other metals
lfng above it from the aqueous solutions of their
salts. Similary, copper can displace silver from its
salts but the reverse does not happen

2. To prodlct wh€ther a metal wlll liberate
hydrogen from the aqu€ous solutions of acids or
not. AII metals with negative electrode potentials
are stronger reducing agents than hydrogen and
hcncc would liberate hydrogen from the aqueous
solutitrns of acids. Conversely, all metals with posi-
tivc values of electrode potentials ore tt."U"t

4
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reducing agents than hydrogen and hence will not
liberate hydrogen from the the aqueous solutions
of acids. Thus, metals like Mg, Al, Zn, Fe, Sn etc.

f)\,\lll'l,I.l t).19. The standatd elecffode
potentiql corresponding to the r€qctiott
Au3+ (aq)+3 e-'-"'-Au (s) Ls I '50 V Predict iI Bold
can be dissolved in lM HCI solution and on passing
hydrogen gas through gold salt solutio4 metallic gold
willbe precipitqted or not. (N.C.E.R.T,)

Solution. Consider the half reactions,

zIJ' (aq) + 2e- .--"'+ H, (3) ; E" : 0'0 V

Au3+ (a4) +3e--, Au(s);E = 1'50V

will libcrate hydrogcn but metals like Cu, Hg Ag
etc. do not liberatc hydrogen from the aquoorls
solutions of acids.

Since E (1.50 V) for Au3+/Au is higher than

tnat n+lln, (0.0 v), therefore, Au3+ can be

more easi.lyreducedthan H+ ions. This implias that
Au3+ ions can be reduced to metallic gold by H,
gas but H+ ions cannot oxidise metallic gold to
Au3+ ions. In other words, metallic gold does not
ilissolve in 1 M HCl. lnstead H, gas caa rcduce gold

salt to metallic gold.

2. With the help oftablo 9.1 select lhe reducing ageIlt
which can reducethe followingions totheir metallic

staie (a) Ag+ (aq), (D N+ @q) and

(c) Ni2+ (ry). (N.C.E.R.T.)

IdeDtiry the strongest and weakest reducing aSents

from ihe following metals : Zn, Cu, Ag, Na, Sn.

(N.C.E.R.T,)

,S$$ nlt.crnourorlvE SERIES

can oJddisc oxidise

(a) Ct- (oq)ro Ct2@)

(6) Fe (.r) to Fe2+ (aq) and

(c) l- (oq) Lo 12@q)

2'1a.1 Alt mctals having E" lower lhan Ag+/Ag
electrode, r.-e., Mg, Al, Zn, t'c, Ni, Sn ctc.

(6) All nlerals having l!' Iower lhan Al3+/Al
clecrrodc, i.d.. Li. K, G1. Na, MU clc.

(c) AII nretals having E lower lhan Ni2+/Ni
electrode, r'.e., Fe, Cr, Zn, Al, Mg, Na, Ca, K, I-i
etc.

3. Among the elements listed, Na has the most neSa-

tive F," and heoce it is the strongcst reduciDs agent
whilc Ag has rhe hiShcst E and hence it is the
weakest reducing ageDt.

PO:R ,EJE;

(N.C.E.R.T.)

1. 1a; ejl species having E higher than Cl-./Cl2

electrode, ie., Fr, Mnoo , Au3+, acidified

IIrOr, c-o3+ etc.

(b) AII species baving E" higher than Fez+./Fe

electrode, i.e., Ni2+, snz+, cuz+,12,

02, Ag+, Hgz+' NO3-' Br2' Cr2O]- and all other

oxidants listed under Ans. I (a).

(c) All spccies having E hiSher than I-,/I2

elccrrode, r'.e. tlr2, G2o?-, Cl, and other oxidants

listecl under Ans. 1 (a).

9.16. EMF ol an Eleclrochemical Cell ri'.'r':':r',+.;e,.+::ii:ri Ws know that an electrochemical c.ell consists
of two half cells, i.c., clcctrodes. C)ne of lhese
electrodes ltust havc a higher electrode potential
(higher tendcncy to lose electrons) than the othcr
electrods. A.s u result of this potential difference,
the electrons flow t'rom thc electrode at a higher
potcntial to thc elsctrodc at a lorver potentiul, i.e.,

irom nerlativc electrodc to lsss nsgative or positive

It is a well known tact that whenever a cur-
rent flows through two points, a potential dif-
ference is said to exist between them.The potential
difference generated by a cell when the circuit
draws no current (under conditions of zcro
electron flow) is called electromotiYe force (EMF)
or the cell potentlal.

r\
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electrode or from less positive elecl.rode to more
positive electrode. However, current flow is in a

direction opposite to the electron flow. Thus,

EMF of a cell mry be
the elocltoilc pstentlols
efl is @ wndincc.wryrt thmvdt tlrc sirait.

The standard EMF of the cell (E 
".r) 

may be

obtained by subtracting the standard electrode
potential of the anode from that of the cathode, i.e.,

or Eo.",, = Eocathode - Eo"nod" ...(rr)

Further by convention, the anode is placed on
the left and cathode is placed on the right while
representing an electrochemical cell, therefore, the
EMF of the cell is given by the e)eression

E 
""n 

: Eop - Eo1 "'("')
where E\ and Eo" refer to the standard

electrode potentials of the cathode and anode
respectively.

In order to determine the reaction taking
place in the cell, the following steps are followed.

(i) Wite reduction equations Iot both lhe
eleclrodes olong with lheir electode potentisk, one
ofter the other

(ii) Balance the electrical charges and the num-
ber of atoms of each element on eitlrcr side of each
oI the above two rcduction equations.

Qii) Multiply each reduction equation by a
suitable integer so thqt the number of elecfions in-
volved in both the half reactions are equal.

(iv) Subttqct the equqtion with lowu electrode

Qeduction) potential from the one hoving higher
electrode potential. This difference gives the EMF of
the cell.

fie electrode with higier reduction potential
has a strong tendenqt to gain elecEons and hence acts
as the calhode while lhe electmde wilh lower reduc-
tion has a strong tendenqt to get oxitlised potential
octs as tlrc atode.

/ lrx-{luI'f,li 9.2{t. A cell is prcpared by dipping
a chromium rod in I M Crr(SO.), solution and an

iron rod in I M FeSO , solution. fie standard reduc-

tion potentiqls of chromium and iron electrodes are

-0.75 V and -0 45 V respectively.

(q) What wi be the cell ,caction ?

(b) Whqt will be the standard EMF of the cell ?
(c) lhich electrode will act qs anode ?

(d) l4hich electrode will acl as cathode ?

Solution. The two half cell reduction equa-
tionsf, I

Fez+ (oq) + 2 e- ' Fe (r) :

E"=-0.45v...(r)
CF+ (oq) + 3 e-'--, Cr (r) ;

E.=_0.75V...(rr)
Since Cf +/Cr electrode has lower reduction

potential, therefore, it acts as the anode whlle
Fe2+/Fe electrode with higher electrode potential
acts as the cathode .

To equalise the number of electrons, multiply
Eq. (i) by 3 and Eq. (ii) by 2. But do not multiply
their E values. Thus,

3Fe2+ (oq) +6e- '3Fe(s);
E.=_0.45v...(",

zCF+ (aq) + 6d- ,2Cr (s);
E.=-0.75V...(,v)

To obtain equation for the cell reaction, sub-
tract Eq. (rv) from Eq. (rii), we have,

2 Cr (s) + 3Fe2+ (aq\ --'-
ZCf+ (aq\ + 3 Fe (s) ;

E 
"ar 

=-045-(-075V)= + 0'30 V

Thus, the EMF of thecell: + 0.30 Y
e EX]\r!IPI-E 9.21. The half cell reactions with

their oxidation potentiqls are

Pb (s) ""+ Pb2+ (aq) + 2 c- :
E'*i= +0'13V

AsG) 
- 

Ag (aq) + e- ;E o,,= - 0.80Y
Wite the cell reaction and calculqte its EME

Rewrite the two equations in the
reuction form. Thus,

Pb2+ (aq\ + 2e-

Ag+ (aq) + e-

-. 
pb (s) ;

E.=-0.13V...(')
..-- Ae 6) ;

E.=+0.80v...(fi)



REDOX REACTIONS 9145

To obtain the equation for the cell reaction,
multiply Eq. (,i) with 2 and subtract from Eq. (i),
from Eq. (di), we have,

l Calculate the standard e.m.f. ofthe cells formed by
differeDt combiDations of the followiDg halfcells :

Zn (r) | Znz+ (aq), Cu (r) | cuz+ (a{),

Ni (r),/ Ni2+ (a4), and AE (r) I As+ (d{)
(N.C.E.ET)

(i) Zn (s) | zn2+ 1aq1l I cu2+ (aq) | cu G) ;

Ecctt = +0'34 - (-0 76) = + l 1v
(ii) Zn (s) | znz+ 1aq1 I I N i (aq) I Ni (r) ;

E 
".rr 

= -0 44-(- 0'76)= +o z2v

(iii) Zo (s) | znz+ 1aq1l I As+ (aq) I As (r) ;

E'cctr = + 0 80 - (- 0 76) = 11 56Y

(iy) Ni (r) | Ni2+ 1a4; 1 1 cu2+ 1aq; I cu 1,y;
E 

".rr 
= + 0 3+O - (- 0 44) = + 0 7tV

(v) Ni (.r) | Ni2+ 1aq; 1 I As+ (aq) | As (r);
Eccn = + 0 80 - (- O 44) = 1 1 24Y

(yi) Cu (.r) | ctz+ 1oq1 I I As+ (aq) | As (r) ;

E ccrr = + o 8o - (- 0 34; = 16 46Y.

2. A cell is prepared by dipping copper rod in lM
copper sulphate solution and zinc rod in lM
ZDSOa solutioD. The standard rcductioD poteDtials
of oopperandzincare0,34aod -.T6Vrespective-
ty.

(i) What is the cc reacrioD ?

(rl) What will be the standard electromotive force
(EMF) of the cell ?

(rli) Wbich electrode will be posirive ?

(iv) How will rhe c€ll be represented ?

[,rns (r) Zn (s) + CuSO. (a4)- ZnSOI (a{) + Cu
(s)(ii)E.",=f I V (rir) Cu electrode

(iy) zn I znso. (t M) ll cuso. (t M) | cu]
3. Following cell is st up belwcen copper and situer

electrodes: Cu I Cuz+ (,,q) ll AE+ @q) | Ag
If its two halfcells work under standard conditions,
calculate the e.m.f. of the cell

Pb (s) + 2 Ag+ (aq)-------

Pbz+ (oq) + 2 Ag (s) ;

E"..rr = +0 80- (-0 13) = a 6 93Y

[Given E cu2+/Cu (E.rcJ = * 0.34 volr

E"es+ze, (E","6; = +o 80voltl
(A.I.S.B. 1986, PS.B. 1988, t9B9) [\,,, 0.46voltl

4. Write the cell reaction and calculate the sraDdard
E of the cell :

kll znz+ O M) ll cd2+ (t M) | cJ
Given E z,r, znz+ = 0.'763 volt

E 6o, *z+ = 0 403 vott

[,\rs 0 360 volt, Zn * Cd2+.+ Zaz+ ..66;
5. Thc standard EMF of the cetl

Ni lNi2+ llcu2++cu
is 0.59 volt. The staDdard electrode potential
(reductioo potential) of copper electroda is 0.34
volt. Caiculate ihe dard electrode potential of
nickel electrode. I Btrz+, m = _{.25 voltl

6. The e.m.t (E) ofthe fo ot ing cells are

fu I A8+ (1 M; ll Cu2+ (l M) Cu;
E'=J) 46V

7n I znz+ (t M) | | cu2+ (l M) | cu:
E = + l.l0V

Calculate the e.m.l of the c€ll

zn I Zn2+ 1tM) | | Ag+ (t M) l Ag
(A.I.S.B_ 1989) | . r.s6!,I

7. Tixo halfcrlls are

et3+ laqy t X ana Mg2+ 1aq1 t Mg
The reductioo potentials of these half cells are

-1.66 
V and 

-2.36 V respcctively. Calculate rhe
cell potential. Write the c€ll reaction also.

(PS.B. 1ee7) I 0.70 Y
3Mg+2A13+*3Mg2++2All

E. Calculate E. for the cell

Al I Ar3 + (1 M) ll Cu2+ (1 M) | Cu.
Given : EoAtr+/,At and E.cu2+/.cu as _l .66 v and
0.34 V respecrivety. (H.P-S.B- 1997) 1, - 2.0Vl
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9.16.1. To prealict the SPontaneity ofa Redox

Reactlon

The EMF of a cell is an important ProPerty.It
can be used to predict the spontaneity of a redox

reaction as discossed below.

To predict whether a given redox reaction is
teasible or not, the EMF ofthe cell based upon the

@ l,lKAltPl-ti 9.22. Predict whether zinc and sil-

eer reuct with 1 M sulphuic acid to give ont hydrogen

or not. Givert thal the stqndqrd potentials of zinc ond

silver are - 0.76volt and t 0.80 volt respectively'

(q) To predict rcaction of zittc with

sulltlruic acid :

If Zn reacts, the following reaction should

take place

Zn * HrSOa ...* ZnSOr*Hz

i.e., Zn*Z}l+- Znz+ + H,

By convention, the cell will be represented as

Ztl Z*+ llH+ lHz
Stanrlard EMF of the cell

E"""tt = (E ;gnt) - Bt"r,
:0-(-0.76) = * 0'76 volt

Thus the EMF of the cell comes out to be

positive. Hence the reaction takes place.

(b\ To predict the reoction of silver with sul'
ptudc acid .

If Ag reacts, the tollowing reaction should

take place :

2Ag + H2SO4-----' AgrSOa * H,

i.e. 2Ag+ ZP.+ '-"' tu\g+ + Hz

By convention, the cell may be represented as

Ag I Ag+ llH+ lH,
''' Erefi : Eog+.trr - E"eg*.ag

=0-0ttO
= -0.80 volt

does not ocaur ; instead, the reverse reaction oc-

curs. The following examples will illustrate this
point :

Thus the EMFof the supposed cell comes out
to be negative. Hence this reaction docs not take
place.

/ lix.\l\l ['t,la 9.2-1. Can a solution of I M copper

sulphate be stored in a vessel made of nickel nwtql ?

Given that E.y; ,y12+ 
: + 0.25 volt,

Ecu ,crr*: -0.34 volt.

ot Is itpossible to store copper sulphate solution
in a nickel iessel ? (N.C'E'R'T')

In this Problem, we want to see

whether the following reaction takes place or not

Ni+ cuso4 + Niso4+cu

i.e. Ni + Cu2+ 
---- 

Ni2+ + Cu

8y convention, the cellmay be represented as

Ni I Ni'z+ llCu2+ | cu
We are given that tbe oxidation potentials as

E r.*i . Ni2+ : + 0'25 volt

and E cu , cu2+ : -0.34 volt

Hence the reduction potentials will be

BUi2+,Ni : - ffr.ti, Niz+

= - 0.25 volt

and E arz+,* = - E c,,cu2r
= + 0.34 volt

Now 8".1 = Eo;r6, - E"1.6,

= + 0.3a -(- 0.25)

= + 0 59volt
Thus EMF comcs out to bc positive. 'Ihis

implies that CuSOo rcacts with nickel. Hencc

CuSOo solution culttot be $torcd it u ttickel vcrscl

NeuJ Co ntse Clteat istrtl
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,P,-,RAC-TICIE- '
lowing metals :

(i) copper (n) tead (ir'i) iron
Given E Crr2+ . Cu = 0.34 volt ; E.pb2+ 

, pb

= --{.13 vok ; and E"Fc2+ 
, Fc = -{1.,t4 votr

t (r) No (rr) yes Gii) yesl
2. Cao a solution of I M ZnSO4 be stored iD a vess€l

Dade of copper ? GiventbatEzl ,h?+ = + 0.76
volt, aod EoCu2+ 

, Cu = 0.34 volt

I Yesl

Q. I. Whst rrc the ttroJdmum oDd Dhlm![ qrldotlon ruD]6 olN, S snd Cl ?Ars (i) The high*t qidsti, numbcf (o.N.) of N b +5 since it ha frrrc erec'troos in the larcncc rrrcl (2 ,2 2p3)and it! mlnimum o.N. b -3 lrince it cari accept thrce 
'oorE 

chctrom to aquirc the ncarEst i;'g* afi"iconngatim.
(lir-simihrt' thc highcst o.N. of s b +6 sinca it has sk crcctron! in the var€ncc !he[ (3 ,2 3 pi ano iu ninimumo'N. h -2 slnce it nc€dr tx.o morc etcdrq'' ro acauirc the nearcsi incn gas 1ar; connguration.
(rt ) Ut€,wisc the mdmum O.N. of O b +Z sinc€ it has sclro clect.* io ,frl ,,rt"oo it 

"[ 1, ,, apr; uoO iomiDimum O.N. b -l sitrcE it rE€ds ooly onc morc 
"t.rf-n to 

"cqr;c 
i-he nearest (Ar) ga! confguratioo.

Q 2 Nrtrrc scrd rcts orry o6 s! odd."rrg sgc''t whirG nl'o* rcrd octs bott os otr o drfit o! 
'crr 

rs r rcduchgogcnt VYhy ?
Ans (i) HNO, : Oxidarion numb€r of N is HNO, = aJ

M imum Gidation numbcr of N = + 5
Minimum qidation numbcr of N = -3
Sincc ,lE didorion rumbcr of N & HNO, ir ncintm (+5), thereforc, it con only dcctcatc, Hcttcc HNOS acr,
only u ot cidising agent
(r'i) HNO2 : Oddation rumber of N in HNO2 = +3
Muimum qidation number of N = + 5
Minimum qidation number of N = _ 3
Tlutt, thc uidation nutbcr of N c.oa 

.irrctcase by loiag cbctront or con dccrearc by tcqdng chctoru.Thatfwe, HNOroca both ar oi aidkiag u ""i^;;;A;;;;' 
'

Q 3. crtr thc rcccdor' crro;-+H:o:2 cro!-+z lt+ tc rtgarraea ar a rtaox rt cdon ?
Ar& Oridation number of Cr iD Cr2Ol- = + 6

Oridatio6 number of Cr in CIOI- = + 6
shcc huing his rcactio4 thc axidaion nlorbct of o has ncitfur dccrcosed rur incrcorcd, thafu thc abovcrtoction canaol bc regardcd an o redq rcqtion

e, 4_ ldcrtlfy tbc oddants sDd reductatts lD the foltowhg reoctlotls I
(@) cH. G) + 4ct2 G)+ cct. G) + 4HCt G)
(b) Crll2Or(aq) + 2II + (o{) + MrO2 $)- Mo2+ (aq)+zco2 @)+2H2O (D
(c)lz@ + 2s2o3- @q) - 

2t- (oq + s.o16- @c)

(d) cl2 G) + 2Br- (oq) + 2CI- (oq) + Br2@O.

3. Is it safe ro stir I M AgNO3 solutioo with a copFr
sPoon? GiirD E'Ag+AS = o.Eorolt E 

, Cu2+
=--O.34 \Dl!. Frplain rr . Not

4. Can we use a copper vcssel to store I M A8NO3
solutio, ? ciwn thal Eocu2+/cu = +0.34 V
and Ehs+/As = + 0.80 V l.rns Nol

5. Why bluerotour of copper sulphsic lolutbn gcB
discharged wheD zioc rod b dippcd in it ?

(Giveo E"o,2+/ot = 0.34 V and

Y7y7nz+ = 0.76 1r)

(N.C.E.R.I)
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Ars. Wtiting the O.N. of atl the atoms above their symbols, we have,

-4+1 o +4 -1 -1
(a) c H4 (g + 4 ctz?) 

- 
c cl1 6)+4H cl G)

O.N. of C incrases ftom - 4 in CH1 to +4 in CCll and that of Cl decreases from 0 in Cl2 to - I in CCla or

HCl, therefore, Cr2 a crs ai the oxidont ond CH 4acts 4t the reduclant'

-3 +l -2 +4 +2 +4
(b) c, H; oi @q1 + z H + (d4) + Mn oz (r) .- MD (aq) + 2 co2 G) + 2 H2o (0

O.N. of C increas€s from - 3 in qH2O4 to +4 in Co2 aDd lhat of Mn dccreases ftom +4 in MoO2 to +2 in

Mn2+, therefore, Mz O2acls 4, lhe oxidonl while CzHzo 4 acls at lhe rcduclani

o +2 2- +2'5 2-
G1lrlaq1 + z s, o3@q1 - zt- (dq) + s. o6@q)

Here, O.N. of I decreases from 0 in 12 to - I in I- aDd that of S increases from +2 in S2O3- to +2 5 in

s4o? -, therefore, 12 octs qi ,he oxidsnl tehile SrO!- acu as the reductont'

o-1 -1 o

(d) clz?) + 2 Br- (c'q) 
- 

2cl- (oq) + Btz@q)

Hereo.N.ofcl2decreasesfrom0inclzto-1incl-ionwhilelhatofBrincreasesftom-]inBr-ionto0

in Br2, therefore, Cr2 acts 4t the Nidait while Br- ion ocls at lhe rcduc'anl

(,),5 The electrode Pot.Dtlol of four metsllic etemenk (A, B, CondD) sr.e + 0't0' -'0 76' +0 12 8rld +0 34 V

Ans. lo$Er is the

in the sane

order : B, C, D A.
q n ir ria n"r"* added to a solutlon contninlng Br- ohd I- lons what reactlon wlll occur lt

lr+2e-'------21' iE = +0 54Vatrd Rtz+2e- 
- 

2Br-;Eo= + 109V ?

Ans. Since E of Br, is hiSher than that of 12, therefore, Br2 has a hiSher tendency to ac4€pt electrons that 12'

c,nverscly,I.ionhasahighertendeDcytoloseelectroosthanBr-ion.Therefore,tbefollowingreactionwill
occut:

zl- 4 12+ 2e-

Brr+2e--2Br-
2l'+Bt2-l2+2Br-

In other wordt I- ion will be oxidised lo I ,white Br, will be re&rced m Br- ions'

Q.7. Is lt poesible to stort :

(i) Copper sulphnte solutior ln o zlnc ves$el ?

(iil) Copper sulphate solution in o silvrr vessel ?

(il) Copper sulphnte 
"o;n1161 

hr 6 nls[6] vqssel ?

(iv) Copper sulphate sotutlor in a Sold vessel ?

(rVC.E.X.?)

Ans. (i) We caonot Placr CuSO4 solutioD in a zioc vessel, ii the followiog redox reaction occurs :

zn + cusoa + znsoa + cu o' 7n 
" 

6u2* * Zr]+ + C't

By conveotion, the cell may be rePresente d asZn | 7n2+ ll cu2+ lcu
.. E.c[ = E cuz+, co - E:znl+, z]t = O'14 - <- 0 76) = + r'10 v

Sincc EMF comes out be pqsitive, thercfore, CuSO4 reacts with zinc' In other words' Cr SO 

' 
sohuion camol

be stored in a zinc vessel

(b) Same as solved in examPle 9.23 on Page 9/46'

(c) We cannot store CuSOl solution iD a silvcr ve'asel if lhe folloPins redo'( reaction occurs :

2Ag + Cu2+ + /4g+ a Cu
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By coovention, thc cell ofthe above redq reaction may be rcprBcntcd as
AglAg+ llGr2+ lCt and Ecccl - Eo62+, or- Brr+, 

^r-0.34 
-o.Bo-_0.s6v

sinc€ thc EMF of rhe cs[ is -ve, rhcrefore , cuso. ooo ooir*,t ffitr'sifrer. In ottrer woro , cusoa sorution
catuot bc ctoted h a ilvct vcsscl
(d) Wb catrnot store, CtlSOa solution in a gold vesscl if tbe follorriDg redq reacdon occurs :

2Au+3Cu2+ 
- 

24u3++3Cu
The c€ll mnEspondbt to tbc abotlc rcds rractioll msy bc repr€acntcd ar

Au lAu3+ llcu2+ lcr aod E-- = B:a21, a- E 
^or*, 

Ar-0.34 _r.50 __r.2lv
since the BMF of tbe abovE reactbn is -{.c, therefore, cuso. sorutioo om not rcsa with gold. In other words,
Cusoasoulrion cot bc stoed h a gold trstcl

CARRYING 1 MARK

Q. 1. Dellne oxidaalon srd Fducdon i]r tcr[rs ofelcctron&
ADs Odda ion i[rtolves gain ofelectrons.
Q. 2, What e enuple_
Ars Oxida

e. 3. Derire ox 
e called rcdcxoreasions' Mg + F2 + M82+ (F-L'

Ars. oxidisiDg educiDg ageob are electron donors.
Q. 4. Ivhat is I
Ars. Refer to the tcxt on p6ge 968.
Q. 5. The stardard elccEode potetrtials of c lev trleaals are giveD belov :

Al (-f .669, Cu(+O.gV), U(-3.0s9, Ag (+ 0.sov) oDd Ztl ({.76V),
\f,hlch of tbe$e wr[ behrve as the strotrgcst oxrdisrrg sgetrt snd phich aa the Btrorgcat Fducrtrg ogetrt ?Ans. Li is the slrongest reducirg ageDl white Ag+is ttre srr6ng-cst qidiSns a;enr.

Q. 6. Itr the reoctlon, MrO, + 4HCl + MnCl2 + Cl;+ 2H2O w;k; spccte6ls oxlsted ?

Ars. HCI is oxidised to Ct2.

Q, 7. What is th€ oxldation nuEber of
(i) C in CH2O

(,r) ft tr [Pt(CzHa)cljl -
Ans. (i) zero Gt) 2.

Q. E. What is the oxidatior state ofNi in N(CO). ?

(B.I.I R rqhi 1990)

(M.LNR. Alldh4hn t99O)

(M-LNR Allalsb&l 199i)

ll.I.s.B. 1995)

(HS.D. 1ee5)

(N.C.D./!*Tl

Alrs.

Q. 9.

Ars.

Q. 10.

Ans.

ZEto.

Why is it not possible to measure the voltage ofan isolsted reduction holfreactior ?
Consult sec. 9.14.3 on page 9/38.

Q. 11, On the basis of stoichloDetry dcterDhc thc orddsdor truEbcr ol
(t) F€ h Fc!O.8rd Fea [Fc(CN)5I (A) cl ttr caocl2.

Ans" (0 Thc compsirion of F%Oa is FeO.F%O3.

Whatb s rcdoxcouplc? 
W.C.E,RT)

A redq couprc comisrr of cidi.sed and rcduced form of :he same subtancc taking p€rt in an qidation or
reduction half reaction. For mmpte, Zn2+ (aq)/Z^, A2 @) / A- @q) cac"

.. The O.N. of Fe iD FeO is + 2 white in Fe2O3, ir is + 3.
In Fe4 [Fe(cN)5], the o.N. ofFe inside thecoordinatioD sphere is + 2white thar ofpe outside the coordinarion
sphere is + 3.

(fi) The composirioD of CaOCt2 is Ca(OCl)Ct. Hence, O.N. of Ct in OO- is + t white io Ct_ ioD. ir is _ l.
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3.
4.

5.
6.

7.
E.

A CARRYING 2 OT 3 MARKS

Explain the terms : oxidation and rcduction iD terms ofelectrons' Give oDe examPle in each case'

I)efine the terrns: oxidising agent and reducing ageDts according to the elect ronic concept Givoone

example in each case.

Comment upon thc statement : oxidation and reduction reactioos 8o side by side'

Wtrut O" yo,i ,o,f"r.tnad by the torrDs : direct redox reactioD aDd indirect redox reactioo ? Give one

example in each case.

Frrlain o<idatir:o_reduction readiom occurring in a beaker. Give two er(amples to illustrate rour ansrrer.

dplain what happens when a zinc rod is dipPed io Cuso4 solulion ?

What are halfcells and half c.€ll reactioDs ? ExPlain with examPlcs'

Writc the following redox reactioDs usinE halfequations-

(,) zn(r) + pbcr2(44)- Pb(r) + zrclz@q (i 2Fe3+ (aq)+21- (aq)- l2(q+2Fe2+ @4)

(iii) 2Na(r) + crzc) + 2 Nacl(r) (iv) M8(r) + ct2G) i-....- Mgcl2(r)

(v) '/r(s) + 211+ (aq)- Zn2+ (aq)+ttzg)

In each ofthe reactions given above, meDtioo

(i) whicb reactaDt is didized ? To what 'l (r') which reactant is the oxidher I

ii;4 *t i"t ,"a"runt is reduced ? 'Ib what I (iv) which reaciant is the reduc€r ?

[Ans. (i) ZD(,r) 

- 
Zt]+ + ?t- (oxidation), Pbz+ (oq) + 2e- 

- 
Ptt(s) Q"duction\

Zn is oxidised to ZD2+, Pbz+ is reduced to Pb; Pbz+ is the oxidis€r and Zn is the reducer'

(ii) 2Fe3+ + 2e- 

- 
zFez+ (redtction), 2l- 

- 
lz + 2r- (uidotion)

Fc3+ is rcducEd to Fc2+, I- is oxitliscd to I2; I- is the reduc'er and Fel+ is the oxidiser'

(d) 2Na 

- 
2Na+ + 2z- (atidation) , Cl, + 2e- 

- 
ZCl- (teduction)

NaisoxidisedtoNa+andCl2isreduccdtoCl-;NaisthereducerandCl2L\theoxidiser'

(rr) Mg-y*z+ + 2t- (ox,lation), Clz + 2e- 4 2 Cl- (redttction)

Mg is oxidised to M82+ while Cl, is reduced to Cl-; Mg is the reducer alld Clz is the oxldiser'

(,) zna Zrf+ + 2e- (oxidation), 2H+ + 2z- 
- 

Hz (teduction)

Zn is oddised to Zn2+ while H+ is reduced to I-I2 ; ZD is the reducer and H+ is the oxidiser']

Define o\idation and reduction in terns oroxidatioo number. GiYe exaDlples in each case to illustrate

your flnswer.
b#ne oxidising and reducing agenls il] tern]s ofoxidation number' cite two examPles in each case

to support Your aNwer.
irS i[tt oity ^ 

u t"ductant whercas SOz acls oxidant and reduclant both' Why'

H2O2 acls as reductaDt as well as oxidant. Explain'

Explain the differeoce b€tween valency and oddation nuDlb€r'

Staie and explain tbe 'Stoc* Dotation'used to name inorgaric compounds iNoMnt different cDddatioD states'

;;;;;;il:h;;;"trectly balaDced half reactions, ;;ite theoverallnet ionic reaction in lhe following

chaoges :

(i) Chloride ion is oxidised to Ch by ![4O; (in acid solutioD)

(ii) Nitrous acid (HNo2) reduces Mno4- (in acid solution)

(ii) Nitrous acid (HNOz) oxidises I- to 12 (in acid solution)

Sec.9
to 9.

.7. 9.
l0

10.

11.

12.

13.

14.
15.

Scc.9.l.
to 9.-1.

Scc.9.4.
to 9.6.
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16.

11.

(iv) Chlorate ion (CtOt) oxidises Mn2+ ro MnO2 (r) (in acid soturion)

(p) Chromitc ion (CrOt) is oxidised by H2O? (in srroogty basic medium)
Also find out the chaDgc in the oxidatioD number of the underlined atoms.

IAns" (i) 2MnOa- + l6H+ + locl- 
-5C12 

+ 2Mn2+ + 8HrO
Oxidation number of Mn changes froDr +7 in MDO4- to +2 in Mn2+

(iD 2Moo; +6H+ +5Not 
-5NOt 

+ 3ItO+2Mr?+
Oxidarion Dumber of N changes from +3 in NOt ioD ro +5 in NOr- ion

(iii)21- + 411+ +2NO2--.....- I2 + 2NO+2H2O

Oxidatiotr number oI N changes from +3 is NOz- to +2 in NO

(iv) 3Mn2+ + ClOt + 6H+ .-- 3Mna+ + Cl- + 3HrO
Oxidation [un]ber of Cl changqs from + 5 in CIOi to _ I in Cl-
(v) 2 CrOr- + H2O2+2OH- ..- 2GO1- +2HzO
C)xidatioD numbcr ofCr changes from +5 in CrO; to +6 in CrO?-l
What do you mean by iodomciric and iodimetric titraiions. Give one example ofeach typ€.
Drflw a lahelled diagram for rhc DaDiel cell. Discuss its working

Discuss bnefly tho functtoo of the salt bridge iD aD electrochemical cell.
Give the conslruction of S.H.E. What is its standard reducrion potcntial ? How does it help ro
delcrntinc thc standrrd elcclrode potentials ofolher clements ?

Write ir note an slandard hydrogeD electrqte_
What is an electrochemical serics ? HowcaD rhis bc used toexplaiD rhe oddisingand reducing abiliticsofelements ?

Why docs the blue colour oI copper sulphate solution ger discharged when ao iron rod is dipped inlo
it ? Given : ECJ+ ,Co = 0.34VantjE.rt2+ /Fe = _0.44y
Arra,gc the lorkrwing nretars in increasiDg order of rcactMty. which one wi be thestrongest reduciDg
agent and which is the wcakest ? Mg, Na, Ag, Cu, Fe, Zo

l&
19.

20,
21.

23,

Scc.9.1.
to 9.6.

Scc.9.7.
to 9.10.

Scc.9.l2
Scc 9.13.
to9.l6.

t-o..n4ld;np",,.W€f 
"R11,g-p. 

ti.-o."n*e*, caBnylN,g:frijinio.iu1iAnBs:
l. Explain rhe terms : (r) oddatioo, (a) rcducrion, (iro midisint agent and (iy) rEduci[g agcnl in rermsof electrons. cive two example,s in ech cas€ to jriti'tr, you 

"o"dr. 
' ---- '-

2. Briefly cliscuss some redox readioos occurring io aqueous solutioDs.3' Detine oxidarion number. H'^, does il diffe;from rar€Dcy z utiie ttre generar rures of assigniDgoxidation Dumbem to \rarious alonB in ions and molecules-'
4. Explain the rernN : (i) oxidarion, (i!) reduction,-(r, uidising ageo! and (iy) rcducirg agcoa in tcrmsof oxidation numbe r. Give two enmples in eactr cjse to iflus-trai" yo, 

"rilr"r.5. GMog oDe example in each case discuss (i) oxidatioo number method alld (O ion€lcclron methodfor balancing redq reactions.
6, Discuss briefly sloichiometry of redo( reactions in aqueous solutions.7. What is an electrochemical cell ? Bdefly discuss its co'nstruction ani *orfirg. Uo* is it represented ?

- 
#:l rT::::::rd 

hydrogen electrode ? How can it be used ro derermiDe sraDdard elcdrode potentiat

9. What is electrocbemical series ? How does ir help us (i) conlpariDg the oxidising and rcducing potvErofdiftbreDr ctements and (O predicring wbett 
"r 

i _"iit*itt iiaJJi i rrnjrr.ur *io ,o give hydrogengas or not ?
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ion Number
(o N.) or
cases the

el(amPle,

(a) Oxidation number of Cr in CrO5

x -Z
(i) By convenlional method: 6r O", ot '**5x(-2)=0 or x= + lO(wrong)

But this is wroDg because the n]a(imum O N ol Cr cannot be nrore than +6 siDce it has 5 electrons in

3l-orbitals aod oneetectron in 4s'oruirfi' ;ilil';il;;;; because four of the five oxygen atonrs in it are

prescDt as two peroxide bonds: O-.: _O
(ii) By chemica! bond.ing method I T:ne strlcture of CrO5 is l):i<l

o

.. o.N. of Cr in CrO5 cao be calculated as follows:

x + 1\(-Z) + 4x(-1)=0 or x-2-4=O or '=+6
(for Cr) (one=o) (for o-o)

Thru, the O.N. of Cr in CrOs = +6

(6) Oxidation number of S ir H2SOs (Caro's aci'l or pentronosulphuric acid)

ir1, i a" or 2x(+l)+r+5x(-2)=a 61 x= +tlwrongl

But oxidation number of S cannot be more thao + 6 since it has only six

etecl rons " 
oi O'N fo' S it Ou" to the reason that the two of the orygen atoms

in H2SO5 
O

3x(-2) + 2x(-1) =0
(for othcr (for O-O)
O ttomt)

n-o--J--o-o-n
I

2+x-6-2=O s1 a=*6

(ii) By chemical bonding merhod T:ne sttuctu re of H2SO5 is

. . The O.N of S can be calculated as iollows :

2x(+1) + .r +
(forll) (for S)

Tlau, hc O.N. of S in H2SO5 is = + 6

9t52

F
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CaEe IL When thc corrwuryl co aiw covabnt ond coqdinde covolenl bondr. Tb calculate tho oddation
number ofatoms in such molecules, the folloring rul€s are generally used.

(a) For eoch covalertbnd between two dbtimils atoms, auign ot uitlotbn ruonbet d +1 to lhe less

elecffonegalive Ltorn qid -l to the more electonegolive elemenl.

For cxample, O.N. of the two carboo atoms in CH3COOH may bc calgllated 8s follows :

HO
n-Ll--o-,

#'
q is attached io three H-atoms (less electronegative than carbon) and oDe -COOH 

group (more

electroocgative than carboD), therefore, O N of Qis 3 x(+ 1)+x+ 1x(- l)=0 ot x= -z
Ct is, however, attached to one oxygen atom by a double bood, one OH (O.N. = -1) and one CHr (O N'

= + I ) grouP, therefore, O.N. of Ct is + r +r x(-2) + I x (-1)=0 ot x= +2

lf, however, the covalent borld is berween two similar atoms or betwecn two similar atorDswhich are further

attacbed to similar species, eacb atom is given an O.N. ofzero. For sxample, the cEntral Catom in carbon suboxide

(c3Oz) has aD O.N. of zero while each terminal carbon has an oxidation state of +2-

o =tC= 3 =B= o

Similarty in terrarhionare ion (SlOt-), O.N. ofeacb of the S-atoms linked with cach otber in the middle is

zero while that ofeach ofthe reamining two S-atoms is +5.

(r) ln case ofcoordinote covslent hoDdsr two cole! arlJe'.

(i) If a coordinate bond is formed between sane atoms or dissimilar atoms bul lhe donor alom is less elecio'

negafi)i ion the acceplor atofi, assign on oidotion number of + 2 to the donor atom ond -2 lo lhe 
^ccePlor 

otot L

(ii) Conversety, il the donor atom is more elzcffonegotive tlun the occePlor alot\ neglect he contribution of
the coordinate bond.

The folloering examPles will illustrate the above rules :

(c) Oridottor numberof Cin H-C=NandH -N?C
(i) By conventionat nulho.r. since there are no staDdard rules for determiniog th€ oddalion numb€rs of c

uno Xl it Jr"fot", *nventional method caDnot used lo calculate tbe O N of C in HCN or HNC'

(ii)Bychemicalbondingmethod.SinceNismoreelectronegativethaoC,lberefore'eachcovaleDtbond
gives inb.i,{. or_t to N. N& since there are three covatent bonds, lherefore, the o.N. of N is HCN is -3.

+1 x-3
Now, tl C N +1+r-3=0 or r=+2
Thut, lhe oidation nufiber of C in IICN = + 2'

oxidation number ol c in H-N 2 C. Herc rhe contribution of coordiDatc bood is neSlected because

the donor atom, I..e' N is more electrorregative than the acceptor atom, |..e., c. Thus' the o.N. of N in H-N 
' 

c
remains to be -3 since it has three covalent bonds. Thus,

1x(+l) + 1x(-3) + x =0 or +l-3+r=0 or x=+2
(for H) (forN) (for C)

oo
-o-.rJ-3-3-*5J-o-JJ

Thus, lhe oxidalion number of C in HNC = + 2,
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ADOITIONAL UgEFUL INFORMATION contd.

Cinse lll. l*hen the compound contains two or more olornt of the wtu elencnt in d.iffereru oidalion slates.
For example

(a) Oxidation Dumhers ofS atoms in NarSrO,

+1 \_2
(i) By conventional method : Na2 52 03 or 2x(+1)+Zx+3 x(-2)=0 ot x- +Z(wrong\

But this is lvrong because both the sulphur atoms caDnot be in the same qidatio! state as is evideot fiom
the fact thalwhen NES2o3 is trcated with dil. H2S01 , oDe S atom gets precipihted wbile the other gets coNrrted
into SO2 . The oxidatioo oumbers of these two S atonN can, howevcr, be determined by the chemical boDding
rnel hod.

s

(ii) By chemical bondirgmethod. The strucrure of NES2O3 is Na+ -O - $ - O-nu*

A
Since there is a coordiMte bond between ihe two S atoDs, therefore, the acceptor S atom has an O.N. of

-2. The O-N. of the other S atom can be calculatcd as follows :

2x(+1) + 3t(-2) +, + 1x(-2) =0 or +2-i+x-2=0 or ,=+6
(for Na) (for O atoms) (forcoordinatc S)

Thut, the tE/o S otomt in NarSrOrhave oxid.ation number! of -2 and +6.

(r) Oxldation trumber oflron atoEs in magretic oxide (p.3Oa).

(i) BJ conyentional method. ierO4nor3x - 2 x 4 = Oorx - + B/3.

(ii) By ttoichiometry. Fe3Oi is knowD to be a mixture of FeO aDd Fe2O3 having the composition j

FeO.Fe2C)3. Therefore, O.N. of Fe in FeO is +2while in Fe2O3 it is +3.

The value of 8/3 for the O.N. of Fe as obtained by conventional method is infact the average ofthe actual
O.N. of afl the Fe atoms io the formula, e.g.,(7 x Z + 2 x 3)/3 = 8/3.

(c) Oxidatior runber ofiron in Fea[Fe(CN)513

.xx_l
(i) By conventionol method Fea [Fe (CN)5]3 or 4.r+3x[r+6x - ll=O ot x=tB,/1
(ii) By ttoichiometry. From our knowledge ofcoordinate compounds, we koo*, that Fe4 is the +ve part while

the complex ion,,.e. [Fe(cN)6]3 is -ve part- Therefore, iotal +ve charge on 4 Fe atoms outside the coordination
sphere rs balanced by total -ve charge on the complex ion. sinc€ Fe has two oxidatioD states, ie. +2 and +3,
therefore,-Fe in the comPlex ion has an O.N. of +2 while the Fe atoms outside the coordination sphere have ano.N.of +3 and the average value of o.N.of the Fe atonls in the molecule = (4 x3 +3 x2)/,7 = lg/7.

(/) Oxidation Dumber ofchloriue in bleaching po*der, CeOCl,

Average o.N. orClinCaoct2is 
2tut 

6tro, z, , z - 2 = o or x = 0

(ii) By stoichiometry. The composition of breaching powder is ca2+1oct-;cr-. Here o.N. of cr in ocr-l
is +l whilethatinCl- is-1 and the average of two oxidation oumb€rs = I x + I + I x _ I = O.

\\

\
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c. B.s.E. - p,ii.T, ( r4A I N S SPECTAL

A. SUBJECTIW QUESTIONS (Common fith I.I.T)

Q, l. Copper dissolves h dilutc trlHc acid but Eot ir
dllutr HCl. BpLlE

Ars' 51nge E of Cu2+zCu electrode (+ 0 34 v) i8

highcr than that of H+/H2 electrode (0'O V),

lhercfore, H+ ioDs canDot Gidis€ Cu to Gr2+
ions and hence C\r does not dissohiE in dil. HCl.

ID contrast, the clectrcde Potential ofNOt ioo,

r:€-, NOt/NO, electrode (+ 0'97 9 is hiSher

thaD that of coPPer electrode atrd hence it can

Gidis€ Cu to Cu2+ ions artd heDce Cu dissolvEs

in dil. HNO3. fraA, Ca disrolves ia diL HNOrdue

to oxidarion ol Cu by NOI iorc a not by H+
ions-

Q. 2. Arrange A, B, C' D, E strd E iD order oflDctcas-
ilg clertEde Pot Dttsl in thG Glechochemicql
scrles lf
A + HrSO. 

- 
ASO.+H,

AClr+C- CClr+A
ECl2+C.....- No rr.cdoD

zBCt+D _ Dc.t2+ ZB

II2SOa + D + No tt ctlotr

AD& (i) Since A re€cts with tl2SO1 to libcrate H2 but

D does not, thercfore,,4 lics abwe otd D lbs
below H it th chccqlunicd *ria
(ri) Fbrther 6ince D displsc€s B trom BCl, therc-
fore, E of D is lou/er than that of B, ic., D lies

abovc B in thc clectrocbemical serks.

From (i) and (ii), the order of inqeasbS E" of tbc
four elcmoDts ie., A H, D, B.

(ui) Since C displaces A tom ACl2 but not E

hom EC12, therefore, E" of C is louer than that

of A and that of E is lo$/er than that of C.

From (D, (n) and (iii), it is evidcnt that thc owo,
ordcr of increasing elcctode potcttials ol thcse

five elemotr is : E, C, A, H, D B.

Q. 3. Wbot ls ttre diflcrctrc! iD the defiriilotr of ![
equivalc[t i[ alr oclil-bosc re{ctlo[ rnd oD
equivalctrt itr an orddstlon-Educdor r.sctloD ?

(DJ.I Roldn leeol
A$. EquivaLnl tnigfu in acid-batc Eacti@t is, llre

weight in grams which suppliG or acc€pts one

mole of H+ ions.

Equ i v ole n I we W i n Ni d ati o n -re d uc ti o n re a c t i o n
is the weight of the su bsta[ce which gains or loses

one mole of electrons.

Q.J. FiDd out the rstio of equivolent weiSht of
H2C2Oa. 2 HtO os an ecid ond its equivolent

rveight ss f, reduciatrl
(West B eng4l,l.E. E. 2004)

Ans. (i) Mol. wt. of HzqO4-zHzO (oxalic acid) =
126

. Mol- wt. of acid.. bo- wl. oI aClO = 

-

' l,esrclly

r26=-T-=bJ

(ii) Oxidation of omlic acid involves 2 e-
change, i..,

coo-
2CO2 + 2e'

coo-
Thus, Eq. M. of Hzqo1.2H2O

Mol. wt.
No. of clcctrons lost

126=-t=0"
. . Ratio of Eq. wL of oxalic acid as aD acid to its
Eq. wt. as a reductant is 63/63 = t.

r.j : Hory does Cu2O act os both oxidaot and reduc-

tsnt ? Exphln rvith proP€r rtactions showing
the chrrge of oxidation nuEb€rs in each ex'
ampfe. (Wen BenBalI3.E.2o04)

Ans" Cb2O uodergG disproportionation to form

C1.r2+ and Cu.

2cr+ (oq q4 cuz+ (aq) + cu (s)

Tluu, Cu+ or CurO acts bolh as an oidont a.\ r'ell

os a rcduclanl

(i) Wbeo hcatcd in air, Cu2O is oxidis€d to CUO

+1 +2
CUO+1/202-2CuO

and Cu2O ocls os o teduclont and reduces o2lo

d-.
(fi) When heated with CurS, r7 oxidises 52- to
SO2 qld hence Cu2O acrs ss an oxidan,

+1 +1 0
2Cu2O + C!2S 

- 
6Cu+SO2
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r.! n Bolance the following equations by oxidation
number mcthod ;

(i) S + IINOs... SO2 + NO2 + H2O

(ii) P{ + NaOH + HrO-* PH, + NaH2PO2.

(We* Bensal l.E.E. 200O

Ans. (i)S + 4HNO3 +SO2 + 4NO2 + 2H2O

(ii) P1 +3NaOH+3H2O .....*

PH3 + 3 NaH2PO2

i; I'tit ) Bt rll\
|\fiLm L 6.70 g of an alkall metsl oxalat€ was

dlssolvcd per litrc ofthe solution. l0 cml ofthb solution

requlrtd 20 cm3 ol 0'01 M Potasslum pcnnanganate
solutloE iu acidlc medluD What k thc atoBlcweight of
the alkali metal

The balanced chemical cquation for the
redo( rcaction is

2 KMnO4 + 5 (COOMb + 8 H2SO4-

IqSOa + 2 M[SO{ + 5 M2SOa + 10COz+8H2O

wbere M is the alkali metal

Let Ml be the molarity of the alkali metal omlate

solution. Apptying molarity equadon, we have,

M1 xl0 29r6.61 .-+-=T or Ml =0.05M

Let A be the atomic Eeight of the alkali metal.
.. Mol. wt. of (CoOMt=2A+S8
Thus, amounl of metsl c,Elate present Per litre of

rhe solutioE = (2A + 88) x 0.05 r
But the amount of alkali metal oGlate solutior

- 6.7 eL-l (Srren)

.. (2A+88)xo 05 -6 7 orA=Xl
I'r oblem 2 . l .S g olpyrolusllr oll werE trEated with

10 g ofMoht's salt and dllute E2sO+ After the readion,

the solutiotr tras itlluatit to 29) ct!r'. 5() cm3 of diluted

solutlon rEqulred 10 cml of 0'1 N IqcrtoT solutiotr-

FlEd out percentrge of pure MnO2 h p!rcluslte.

Pure Mno2 present in Pyrolusite oxidises

Fe2+ of Mohr's salt (NH4)2so1 . Feso4 . 6 H2O) to

Fe3+. Unreactcd Fez+ of Mohr's salt is determined by

YlCtrOr.
Chemical equatioDs are :

MnO, + 2 Fe2+ .' 4 g+ 
-

Mn2++2Fe3++2Hro

Crrol- + 6 Fe2+ + 14 H+ -...

Step 1.'Ib determirre unreacted Mohr's salt.

50 cm3 of diluted Mohr's salt

= 10 cm3 ofO 1 N K2Cr2O?

.. Normality of diluted solutioD = 0 02 N

Mol. wt. of Mohr's salt = 392

.. Amount of uDreacted Mohr's salt present in

250 cm3 solution

O.O2 x 392

Amount of Mohr's salt used = 10 -I 96=804g
From balanced equation,

2 Moles of Mohr's salt (i.r. 2 x 392 8) react with
one mole of MnO2 = 87 g

.. 8 049 of Mohr's salt will react with MnO2

R7
=2'3g2-x804E=o'8s:8

Now 0 892gofpure MnO2 are Present in 1 5Iof
pyrolusite

.. %age of Mno2 in pyrolusite = TP x 100

= 59 4wo

Itrohten.l. ZS cm3 of a solution contairling ferrous
sulphate and ferric sulphate acidified with H2SOa is

reduced by metallic zinc. The solution required 34 25

cm3 ofO l N \CrrO7 solution for oxidation. Ilowever,

hefore rEductionwith zinc,25 cm3 ofthe same solution

required 22 45 cm3 ofthe sameK2Cr2OT solution. Cal-

culate the amount of feEous sulphate flnd ferric sul'
phote preseni, per litre ofthe solution.

'Iltration before reductioD Sives only
FeSO4. After reduction, Fe2(SO4)3 is also reduced to

FeSO4 and titration Sives total concentration of FeSO4

and Fe2(SOa)3.

Milliequivalents of IqCr2OT used after reductioo

= voluore x Dormality = 34,25 x o 1

= 3.425

Milliequivalents of IqCr2OT used before reduction

=2245xO'l=2245
.. Milliequivale nts of FeSoo in a5 cm3 = 2 245

and nilliequivalents ofFez(so4)3 in 25 cn3

= 3 425--:2.245 = 1, 180

Now Eq. wt. of FeSO 4 = 15211 = 1522Cf++6Fc3++7HrO
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Eq. wt. of Fe2(SOa)3 = 4002 = 200

Ilence FeSOn g L-r, = i#, rsz , tf
=13 65

Fez(so.)3 g L- r) = ffi ,. zoo * {q9
=9 44.

t'rohitttt J. 12.53 cm3 of 0 051 M SeO2 rescts

exactly with 25.5 cm3 ofO.1 M CrSO. *hich is oxidised

to Cr2(SOa)3. To what oxidation state ls the selenium

colvert d during the reaction ?

Solutior. Let O.N. ofSe in the new compouDd =r
duced-

J
..- SC+ + Cf+

O*,O,r.OJ
Now 12.53 cm3 of0.05l M SeOz

=12.53x0051

= 0.64 millirDoles of SeO2

and 25.5 cm3 of 0.1 M CrSOo = 25 .5 v 6 .1

= 2.55 millimoles of CrSOI

But acmrding to balanced redot equation,
(4 - r) moles of CrSOa reduce I mole of SeO2

.. 2.55 millimoles of CrSOlwill reduce SeO2

2.55
= :-- mtlltmoles

(4 -.r)
But SeO2 actually reducrd = 0.64 millimoles

Equating these two values, we have,
).s5
ffi=0 64 or r=6

l,n,hiLut 5 l-1 g of a somple of copper orc is

dissolved ard Cu2f (cq) is treoted wlth KI. The iodine
thrs liberated requlred 12.12 cm3 of 0.1 M NarSrO,
solutiotr for titratlon. Whst is the perccntage ofcopper
in the ore ?

Solution. The complete balaoced equation for the
redox reacdffi is

2 Ct2+ + 4l- + 2S2O3-* Cu2I, + SrOfi- + ZI-

No- of moles of s2O3- ussg = 11:14 )< 6 1

= 1.212 x lO-3 moles

Fronl the balancEd equation,

2 moles of SrOr2- reduce Cu2* = 2 moles

. . 1 .212 x 1O-3 moles of S2O3- will reduce

Cttz+ = 1.2t2 x l0-3 moles

.. Wt. of pure Cu present in thc ore

= 1.212 x tO-3 x 63.5 = 0.0?7g

Thus, %age of cu in 11," or" = tf , too

= 7?.

e. l.5.0 I of a semple of bross werc dissolved in I
litre dll. H2SOa. 20 cnl of this solution were

mixed wlth KI and liberated lodlne required
20 cml of0.0327 M hlpo solutlon for tihatlon.
Calculate the perceDtrge of copper i[ the olloy,

Ans. Brass is an alloy of Cu and Zn. When brass is
treated with dil. H2so1 in presenc€ of air,
CUSOa and ZnSOa are obtained acEording to the
follorpiDg equations :

2Cu + 2H2SOa + Or-2CuSOo +2HrO
Zo + H2SOa- ZDSO{ + H2

Out of CUSO{ and ZnSO1, only CuSOa reacts

witb KI to form 12 which can be titrated against

hypo solution. The complcrc balanced e4uation
for the rcdq rcactions is

2 CISO. + 4 KI- 2 &SO. + 2 CuI2

2CuIz '-Cu2Ii+12
12 + 2Na2S2O3 

- 
NqSaO5 + 2 NaI

2 C\SO. + 4KI + 2 Na2S2O3 .-
C%I2 + IqSO. + Na2SaO6 + 2N8I

sa.p l. Tofrid @t rhc noloity of CuSOasohuion

Lst thc molarity of CISOa loltl. - Ml
Applying molarity equation,

M,V, M.V"
---: (c\'so{) - -i-: (Na2sro,

{rt\Arl-tf-SJ SP.frCIA {,-7.
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or Mr x 20 = 0.0327 xmot Mr-O.UfTl
Slcp 2. To fittd od tlu prccnoge of coppq it the

alloy

Volume ofalloy solution = 1000 c'rn3

Molarity of alloy soluti:n urr Ctr2+

=o.BnM
But Al. wL ofcu = 63.5

.'. Amoutrt of Grz+ f6mcd
- o.032? x 63.5 =2'0lt6g

But thc amouDt of Cu2+ ior! in lolution is egual
to thc aEcrnt of C! io thc 8[oy.

.'. Amount of coPPer in tt c aflcty = 2 '076 t
But the amounr ofalloy (brsss) lakcD = 5'09
.'. % of copper in thc alloy

= 
2'376 ,. roo = 4r.szrh

Tlau, h. Frtqragc ol copa ia tfu alloy

= 41.52%

Q. 2. IB sn orG, thc only oxldhoblc urtcrlel lr Sn'+.
Thls ort is titratcd wlth s dlchromst solutlon
coDtrlDlng 2 . 5 I of IqCrrO, lD 0'5(, Utrr, Tbe

0.40 t lsmplc oi thG orc rcqulrrd l0'0 cml of
tltrrDt to rerch G{ltrrlGtrt pollt C{lcuht OC
pcrrcDtrgc oftlE ln thG oI! (K-3,'I'Cr=5a
Sn = Ilt.7) (Roo @.1993')

Ans. wi. of lqcr2oT present i[ 500 qn3 = 2'5 g

.. Wt. of IqCr2Oz preseDl in 10 cm3

,.<_ffix10s
Mol. wt. of lqCr2OT = 294

.. No. of mohs of IqCr2O? Present in l0 cm3

solulisn = i-!-Ilq = o.ooo17

The balancfd chemical equation for lhe redox
reaction is :

ct"ol- + 14 H+ + 3 Sn2+ -
2CF++3Sna++?Hro

From lhe above balanced equatioll,

CrrO|- =K"CrrOr=3Sn2+

ie.,1molell2Cr2O]- cidises Sn2+ = 3 moles

.. 0.00017 mole IqCrrOT will oxidise Sn2+

- 3 x 0.0001? = 0 00051 mole

. Amouot of Sn2+ oxidised = 118.7 x 0 00051

= 0.06I

.. 7,age ofsn in the ore = frff x100=15

(.) r. A sample ofhydrazine sulphate (N2ll5SO.) was

dissolvcd ln 250 ml ofvatcr. l0 rlll ofthis solu-
tion rvas reacted with exccss o[ ferric chloride
solution arrd Eormed to complet. the reaction.
Ferrous ioE formed was estimsted nnd it re-
quir€d l0 ml of ll/l/25 potassiuh perrnangflnate
solutiotr. Estimste the aElount ofhydmzinc sul-
phate dissolved itr 250 ml ofthis solution

4Fe3+ + NrH.- N2 +4Fe2+ + 4 H+

Mno!+5Fe2++EH+-.-

Mn2+ +5Fe3+ +4Hro
(M.L-N.R. Allahabad 1 99 i)

Ans. Step l. Tb derermine the number of moles of
KMnOrwed.

We are gi\€D 10 ml of N2H6SOa sol.

= l0 ml of MA5 KMnOa sol.

.. 250 ml of N2 H6SOa sol

= 250 ml of M25 KMnOa

= 2f , ,fu , zso rnotes of KMnol

= 0.01 mole of KMnOa

Step 2. Tb find out rhe amouttt ol Ny'tCOr

Multiplying nrst Eq. Siven in tbe questioD with 5

and secoDd Eq. with 4 to caDcEl Fe2+ aDd then
on adding, wc 8et,

4 MnOa- + 5 NzHa + 12 H+ ...- Protlucts

Thus 4 moles of KMnO4 react with 5 nroles of
N2H6S01

.. o.0l mole KMDO4 will react with N2H6SO1

=ix0.01 molc -0 0125mole

= 0.0125 x 130t(Mol.wt.of NzH6SOo = 130)

= r.G2S g
(J I 0 5 g ssmple .'oDtaltring Mno2 is treated with

HCI liberating CI2, The chlorhe is passed into

a solutior of KI atrd 30 0 cm3 of 0 01 M
Na2S2O3 ore required to titrate the libcrated

iodin.. Calculate the percentage ofMnO2 ill the

srrDple (At wt of Mn = 5t. (Rn*ee 199O
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Ans. Step l.'Io write the complete equalion for the
redox reoalioru

MnO2 + 4 HCI -.MnClr+Cl2+2H2O
zKl+Clz 12KCI +\

Iz + 2 Na2SzO3 
- 

NES.O6 + 2Nal

Mnoz + 4HCl + 2KI + 2 Na2S2O3 ...-

MoCl2 + 2KCl + N%SaO6 + 2NaI + 2 H2O

Stcp 2. Tb calculate lh. prcentogc of MnO 2in the

sanple

No. of moles of Na2S2O3 prescDt in 30 crn3 of 0 . I
M Na2S2O3 solution

-ffixo.r = o.oo3 mole

From the balanced equalioD, it is svident that,

2 moles of N%S2O3 = I mole of MnO:

. . 0 .fiI3 mole of Na2S2O3

= i x 0.003 = 0.0015 mole MnO2

No$, Mol. wt. of MDOI = 55 + 2 x 16 = 87

. . Wt. of MnO2 reacred = Moles x Mol. wr.

= 0.001s x 87 = 0.1305 I
Trage of MnO2 in the sample

= S;# 
" 

no =26.1%.

Q 5. 0.5 g mlxturc of KrCrrO, and KMDOa wos

trst d l{ith excess KI in acidic medium. Iodine
liberated requir€d lfi) cm3 of 0.15 N sodium
thlosulphste solution for ti aratioD. Fird the per-
cert amount ofeach in the mixture (AL wtsr K
= 39,Cr = 52,Mn = 55,Na = 23S = 32)

(Rtu*ee 1995)

Ans. Tbe reactions involved are:
IqCr2OT+7H2SOa+6Kl-

294 E

4 IqSOI + Cr2(SO4)3 + 7 HzO + 312 ...(0

7x254

2 KMnOa + 3 H2SO. * ,n O i'u"

2x158
=3168

IqSO4 + 2 MnSO4 + 8 H2O + 5I2 ...(ri)

5x254
=l2mg

2 Na2S2O3 + 12 -- NES1O6 + 2 NaI

SuppG€ sreight of IqCr2OT in the mixture = rg
Then weight of KMnOI in tbe lllixture

= (0.s _r)t
Iodine producrd from x S Y.2Cr2O, = ffi x x g

Iodine produccd fmm (0.s - r)t XMno.

-ff'10's-'1r
Tbtsl iodinc produced

-762 
x Ll27O(0.5 -r\ -291 316

lm ocof0.15 N N%S2O3

= 100 cc ofo'15 N 12 solurioD

- r27iI.t 15 x roo s - r .ro5 6

-- '162x 1no(o.5 - aHcnce 7'4- + 

-fE- 
- l 'eos

which on solving givcs x = O.tl3 t
. . % a$e of Y\Cr2Ot in lhe mixture

- %3, roo - 1..6i
aDd % ate of KMnOa h thc mixturc

- 100 - lit .6 = t5.,tt
Q 6 A 3.0 8 ssEplc colt lnhrg Fcroa, F.rO! rlld r]t

hcrt hp[It .uhstrtrcg lr Ec.ttd sttt cxc.sc of
XI coludon In prtscnct ol dilute HrSO.. The

endtc lroo ls clnycrtcd lnto Fe'+ alotrgwitb
llbcrodoD of lodlnc. Thc rcluldDg solutlotr Ig
d trtrd to lm r[L A 2,0 nl olttG dllut dEoludon
Equlr.s 11.0 El of0.5 M Ns2StOr solutlon to
rcducr thc lodlnc prcsclt A 50 El of thc dllutld
6oludo! rfbr coDplct crtrrcdoD ol lhc lodioc
rtqulrrs 12 t0 ml of 0.25 M KMtrO. solutlon
in dilut! HrSOa Ecdl[m for th. oddadon of
Fcl+. Calcubtc thc pontlta3ca ol Fc1Ol ond

rcro. h ahc ortStnd !.Eptc- GI.T 1996)
Atr& FcaO. is aD equlrdar mLturl of RO and Fe2O3

The rcactions invoh,red arc :

(r) FeO + HrSO. 
- 

FGSO. + H2O

(n) F%O3 + 2 H2SO. 
-
2FeSO.+2H2O+(O)

2KI+H2SO.-IqSO.+2HI

FcrO, + 3 HrSO. + 2 KI-
2 FeSO. + IqSOI + 3 H2O + 12
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( ) 2 Na2S2O3 + 12+ NqSaO6 + 2NaI

(iv)2KMnOa+3H2SO..-

Iqsoa + 2MnSOa + 3 H2O + 5 (O)

2 FeSOa + H2soa + (O) +
Fe2(SOa)3 + H2Ol x5

2 KMDOa + 8 H2SOa + l0 FeSOn 
-

K2So4 + 2MnSo4 + Fc2(so1)l + 8 H2O

Resulting solution contaiDing I, + Fez+ after

dilution = 100 ml

20 ml of diluted solution = 1r'o fll of 0 5 M
Naz5203

.. 1fi) ml of diluted solution

= 55 0 ml ofo 5 M N&2S2O3

= ffi , ss = 0.0275 mote N%Szo:

- o 0-275 - 0.01375 moles l.

= 0.01375 mole Fe2O3

Again, 50 mlof diluted solution

= 12.80 ml of 0.5 M KMnOa

.. 100 mlof diluted solution

= ffi x zS.oo = o.0064 moleKMDO4

= 5 x 0.0064 - 0.032 mole FeSO4

Thus 0.032 mole FeS04 has been obtained ftom

0.01375 mole Fe2O3 and the rcmaining ftom

Feo.
As 1 mole Fe2o3 = 2 moles FeSol

.. 0 01375 mole Fe2O3 = 2 x 0 013?5 moles

FeSOa - 0.0275 mole FeSOa

.'. FeSOa formed from

FeO = 0.032- 0.0275

= 0 0045 mole

But I mole FeSO4 = I mole FeO

.. 0.0045 mole FeSOa = 0 0045 mole FeO

As Fe3O. contains equal moles of Feo and

Fe203

. . Fe2o3 present in Fesor = 0 0045 ntole

. . Free Fe2O3 preseflt in the mixlure

= 0 01375 - 0.0045 mole

= 0.00925 mote

Thus in the mixture

Fe3Oo = 9 9045 ,.le 232 x 0'm45 = 1 O'l4 t
Fe2O3 = 0.00925 mole 160 x0 ffi = l',188

.. % agc of Feroa in the mixture

- I 944 x fio-,.4.E%

7, age of FezO3 ifl the mixture

- 1:1! 1 1e9 , 4e.33*

Q.7. On. Iltrc ol. Elxturc of ()2 ard 03 ot NTP

!r8s allotred to rcsct rtlth on excess of
scidilicd solutlon of KI. The iodlne llberated
rcqulrcd 40 ml ol W10 sodlum tblosulPhate
solutlotl lor tltratlon. Whot ls th.wclght per-
cctrt of ozotre h the mixture ? Ultravtolet
radlstloss ol woecleugth 300 nrtr con dccom-
poae ozone. AssumlnS thst one photon con
dccompose onc ozore moleculg how mony
photoDs would havc bcen required for the
coEplctc dccomposltlon of ozotre ltr the
original mixture ?

turs. 03.- 02+O
2 KI + H2SOa + (o) .*

2 NESO3 + 12 

-

(r.r.T 1e97)

IqSOa+H2o+12

N%SaO6 + 2 NaI

2 N%S2o3 + 2 KI + 03 + H2SOa 

-oz + Iqsoa + H2o + NEs1o6 + 2NaI

2 moles ofNa2s2o3 react witb one ntole of 03

No. of moles of NEs2o3 in 40 mlof S Na2szol

=frrffi>.no=4xto-3mote
.. 03 reacted (present) = 2 x 10-3 ntole

(. 2 mole Na2S2O3 = I mole 03)

Volume of 03 = 2 x 10-3 x 22 4L

- 0 0448 l,
.. Volume of O, = I - 0 0t148 = 0 9552 L

WeiSht of 03 = 2 x l0-3 x 48 = 0 096 I
weigtrt of 02 = ffi x 32 = 1.3646 E

.. WeiSht of mixture

=0 096+13646=l4tt06 I

t
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Q.E

., % of 03 by rveight

-ffi*rc0 =e .stt*

No. of moleculer in 2 x 10-3 mole of O,

-2 x 10-l x6.U22xlP
=12044x1021

., No. ofphotoos required = I .20{4 x l02l
An aqueous solution of 0.10 g KIO3 (formula
wGlgtt = 214.0) was trcat d witb an excess of
KI solutlon. Thc 6olutlo! sos acldlllcd with
HCl, The liberat d I, consumd 4S.0 ml of
thlGulphrtc soludotr to dccolourise the blue
sarrch lodltre complcE Colculatc tie Eolsilty of
sodlum thlosulphste soludor. (IJ.T l99E)
The readions involved are :

2IO; + 12H+ +10c-+6H2O+12

10 I- .--.---.+ 5 12 + 10 r-

2IO; + 12H+ + l0I-......- 6 12 + 6IizO

2 S2O3- + Iz 

- 
SlO2- + 2l-l x 6

2lo; + nH+ + 12 S2o3- .._

6SaO?-+2I-+6H2O

No. of moles of KIO, = f;]
No. of moles of Na2S2O3 ,"6g1s6 = 2lq+ 

x e ,

which are present in 45 0 ml.
Hence molariry of Na2S2O3 sol.

0.1 x 6 1000
= --r-i1- x -73-

= 0.0623 M.

(D)

G) 5162

(a) A is easily reduced .
(b) A is readily cxidised

(c) A- is readily reduced

(d) A- is readily oxidised.

(M. L N. E Alhhabd.t I 9 9 2)
6. Tbe oxidation stare of chromium in Cr(CO)d is

Ans.

2. For thc reactioD,

Mr+ + MnO!- MOr- + Mn2+ + 7 / 2O2

if one mole of MnO; oxidises 1 .67 moles of Mr+
to MO3-, then the value of-t in the reaction is

is

(4) +1
(c) -1

(a) s
(") 2

(r) 0
(d) + 2.

(b) 3

(d) 1.

(b)+2
(d)-r. u.I.T teso)

3, The oxidatioD number of phosphorus iD
Ba(H2P02L is

(a)+3

w+1
4. For thc redox rcaction,

MnOo- +CrOl- +H+ 

- 
Mn2++COr+H:O

the correct coefficienls of the reactaots for the
balanc€d reaction are :

Mnoa- qo?- H+

-<6) 2 s 16

7. Which of the follo\f,iDg ir zo, a redox reaction ?

(4 CaCo3 - Cho + Co2

(b) 02 + 2H2 - 2HzO

(c) Na + H2O - NaOH + 1 ,/ 2H2
(d) MrC\ - MnCl2+ | / 2 C\

sr6
(c) -2

(b) +2
(d) +6.

(A.t.t.M,s. r993)

(A-I.LM.S. 1993)

J.c  .a 5. 11 6.u 7.o

Oxidation oumber of sodium in sodium amalgam

t,b



9. When copper is trcated with a certain concrntra-

rion ofniiric acid, nitric qide and oitrogen dioxide

are liberated in cqual volumes according to the

eouatioo.
, bu+y irNo, 

-cu(No3h+No+No2+ 
H2o'

The co€fncients of.r and I are

(o)2aDd3
(c) I and 3

g[7 afi 6

(d) 3 afld 8.
("fi s ): lt\I l: lt)')tl

10. ln which of the following Pairs, there is Sreatest
differenc€ in ihe oxidation number of the under-

lined elements ?

(a) NO, and NzOa (6) f2O5 and & Olo

(c) N2o aDd No -/tqo2 and SO3'

ll).(.1; 1991)

11. In the reac on,

2FeCl3 + H2S ...- 2FeClr+2HCl+S

(r) FeCl3 acts as an qidizing aSeDt

(b) Both H2S aDd FeCl3 are oxidized'

(c) FeCl3 is oddised while H2S is reduced

(d) II2S acrs as rn crddizing agent'

tU P S l;A I:19t)('|

I{..'Number of moles of KMnO4 required to oxidise
\/ 

onc mole of Fe(qoa) io acidic medium is

(a) 0.6
(c) o z

(b) 1.67

(d) 0'4
(Haryam C.L.E.1l 1996)

13. ln the reactioo,

lBr. +6CO1- +31 IrO ...-5Br- t BrO; +6HCOt

(td Bromine is oxidised and carb6ndte is reduced

(b) BromiDe is reduc€d and water is oxidised

(c) Bromine is neilher reduced nor oxidised

-@ Bionlino is both r",t,""u u''o o''u't11 
, ,,,,

. 14. A staDdard hydroBeo electrode has zero electrode

potential because

AA'S

Neul Coutse

(d) hydrogeD is easiest to oxidize

(f)'ihis electrode potential is assumed to be zero

(c) hydrogen atom has only one electron

(d) hydrogeo is the lighest elemeDt il'l l: lt)t)7)

15. Which of the following is a r€dox reaction ?

(4) H2SO4 with NaOH

(b) In atmosPhere ,O3 froD 02 by lightninB

-6) Nitrogen oxides fron] Ditrogen aDd oxygen by

lishtniDg

(d) EvaporatioD of H2O.

(('-lt \'1" l''ll '1 1')1)7 )

16. The oddatioD Poteotials of A and B arc +2 37 V
and + t 66 V respcctively. In a chemical reaction,

(o) Awill be rcPlac.ed bY B

- (r) Awlll replace B

(c) A will not replac€ B

(d) A and B will oot replac€ each other.

tt).t!\ tl..l.'l: 1996: l'h (.1 'l: 19971

17. Which among the follo$'ing is the strongest reduc'
ing agent ?

Given, Fe2+ + 2e- + Fe (-0'44V) '

Ni2+ + 2 e- .+ Ni (_ 0.25 V);

tnz * 2 r- ......- So (- 0.14 9 and

Fe3+ + e_ _ Fe2+ (_ 0.77 V)

(a) Fe lDYTez+
(c) Ni (d) sn ( IJ.l1.U, l99li)

ZnCl2 solutionlE. Y'lithout losinS its concentration,
cannot be kePt in mntact with

(a) Au liA
(c) Pb (d) As.

A mole of N2Ha lcrses ten moles of electroDs to

that all the

,what is the
there is no

change in the midatioo number of hydrogen)

(a) -r
(c) +3

(b)-3
(d) +5. |R.H.U. leer)

ii' i' l< s
1X. d 14. b 15. . 16' b

t( lt.\.1' i:.\l !: l'')t;

19, The standard reduction potential values of three

metalliccations, X, Y, Zare 0 52, -3 03 aIld -1 18

V resPecivcly. The order of reducing power of the

corresponding nletal is

447 rzrx (b)x>Y >z
(c)Z>Y >X (d)Z>*' 

,, ,,,r,
20, The oxidation numb€r of sulphur iD

s8 , S2F2 , Hzs resPeativelY, are

.1afo,+tarda (b) + 2, +1and I
(c) 0, +l and + 2 (O) a'* ru",1 

,,;, ,rry

E.c
lt.,

9. b lO. tt ll. a 12. a 17. b
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21. A gas at I 8tm is bubblcd through a solution
containing a mixture of 1 M Y- aDd I M Z- at
25oc. If the rcduction por€ntial of Z > y > X,
ihen

(a) Y will Gidize X and not Z
(6) Y will Gidbc Z ard Dor X
(c) Y will cnidize both X aDd Z
(d) Ywillreduce both Xand Z (t.t7: tsse)

2L A mf,aal ion M3+ lces 3 clcdrons, its qidatio[
number will b€

(a) +3
(.) o

2t, In the givcD re3dion,

&Cr2O7 + XH2SOa + YSO2 
-

(D)+6
(d)'-3 tc'.tt,tt.t tccct

(6) NO2-

(d)Cl-. tD L:.t:. teee)

X"Y,Zarc
(a) l, 3, 1

(c)3,2,3

(o)+2
(c) 8B

(a) so2

(c) Co,

(o) 32
(c) 16

(o)x-2,y=4
(c)x-3,y=s

29. The oddation DumbcrofiroD is Fe3O{ is

IqSO4+Cr2(SOr3+ZH2O

(b) 4, t,4
(d) 2, t,2.

lR.H.U. 1991.20t)01

(D)+3
(d)28.

(D) Sn3 +

(d) sn.

(b) 18
(d) 1.

(Haryam C.E.D.T 1996, 2000j

(b)H2o2

(d)NOz. 0 (:.t:,.2o0ot

(b) 64

(d)8. (D.c.E.2ooo)

(6)+E
(d) + 5. (D.c.ti.2ooo\

23. 'Ib an acid solution of an anion, a fcw drops of
KMnO4 solution are added. Whih of the foitcm,-

iDg, if prescnt, will not decolourisc the KMnO4
solution ?

(C.B.S.E. l!n[.T 1999 ; HoD,ana C.E.D.T.2000)
3lL Which will bc ihc proper altcrnative in pl8cc of A

in thc fo[oying cqua[on.

2#+ 1aq1 + saz+ 1aq1+ 2Fe2+ @qt + A
(a) Sna+

(c) Sn2+

(1t.PC.8.8.2000)
31. Numbcr of mol6 of Iqq2O, rcdued B , mol€

ofsnz+ is

(a) 116

G)a3

32. Which ofthe follotring is nor a reducing ageDt I

The pa ial ionic equaiion,

C.x2O4- + 14 H+ a6s--2G3+ +71\O
suggests that rhe equivalent urcight of Cr2O?- will
be equal to it! formula sreight divided by

(d) co3-

(") s2-

(a) 3

(c) 1

(a)+7
(c)+4

i D.(. t,. 19q9)
25. Oddation state of osmium (Os) in OsOa is

(6) 6

(d) 14.

(b)+6

Jfr+8.

(D) .\(Brc):
(d)A3(Bqh

\ c.B.s. D. I!.tt.T 2000)

Equiralent mass of cidising agent in the reaction,
SOr+2HrS-3S+2HzOis

33.

t l t t.11.\. ttrl.tl
FluoriDe is the best oxidisir,g agent because ir has
(a) higbest elecrron affinity
(D) highest E ,cducrion

(c) hiShest E"oridlrion

(d) lowest elecrron aflinity.
i Iln^ntlr ( l..l:.t: totgt

A compound contains atorns of tbree elemenb _
A, B aod C. Ifthe oxidarioD number ofA is + 2, B
is + 5 and that of C is - 2, tbe possible formula of
the qrmpound is

(4)q(Bcrz
(") eBQ

The cddation state of c$romium ill
lc(PPh3)3(co)31 is

(a)+3
(c)zfito

35. Thc !.alues ofr and / in the follo$ring redox reac.

r Cl2 + 6 OH- 
- 

CtO3- +y CI- + 3 H2O are

(b)r=s,y-3
@)x.=a,y=L

(c.t!M. [ 2000)
J6. Arnongsr the follo$,iDg, idcntify the species with an

atom in +6 qidation state

ANgWE
2-l.g ??.b 23. a 24. b 2s. d 26. b31. b 32. c 33. c 34. c 35. c

27, a
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u.l.'l:2000)

37. For the electrochemical cell, M lM+ llx- lX,
EM+/M=0 44VandEx,,;- =0 33V'

From these data one can deduce that

(a) 1r4 1 1- 14+ + x- is the sPonhneous reac-

tion

(6) M+ + x- + M + x is the sPonmneous reac-

tion

(c) Ec.r - 0 77 V

(d) E""n - - 6'7 Y

MoO; (aq) + 8H+ (44) + 6 e- a

Mn2+ 1aq; + luro 1l) E = 1 5t V

C;.zolt- @q) + 14H+ (aq) t 6 c- 
-

2ci+ 1aq1+ 7H2o () ; Eo = 1 38 v

Fe3+ (aq1 + e- 
- 

Fsz+ 1aq1;E' = O'tl V

Clz@)+2c- 
- 

zcl- @q)iEo=14Ol/
Identlry the oDly incorrect statement regardio8 the
quantitative estimatiion of aqueous Fe(N03)2

(a) MnOa- can be used in aqueous Hcl

(b) GrO]- can be used in aqueous HCI

(c) MnOa- can be used in aqueous H2SO4

(d) CrzO?- can be used in aqueous H2SO4

t I.l 1: :ltt) ) \

43. WheD KMDO4 acts as aD oxidising agent and ul'

timately forms Mno4-2, Mno2, Mnzo3 and

Mn+2, then the number ofelectrons traDsferred irl

each case resPectively is

(a) 4,3,7,5
(c) 1,3, 4, 5

(b) r, s,3,7
(d) 3, s,'1,1

lAl ltEL 200)t

Which of the following is a redo( reaction ?

(c) NaCl + KNor- NaNo3 + Kcl

(D) CaqO4 + 2HCl 
- 

CaClz + HzCzO+

(c) Mg(OH)z + 2NHoCl- MgCl, + 2NH4OH

(d) Zn + 2AgCN 
- 

2Ag + Zn(CN)2

(A'lEElt'2t)02)
A smuSSler could not carry gold by depositing iron

oll the gold surfac€ sinc€

(o) Gold is dens€r

(b) Iro[ rusts

(c) Gold has hiSher electrode Potential than iron

(d) Gold has lovrcr electrode potential than iron

(Kanutk*a C'Ii '1: 20t2 )

The oddation states of sulPhur in the aoions

so3-, s2o1- and szol- follou'the order :

(c) sro!- < so3- < s2o3-

(b) so3- < s2o1- < s2o?-

.13. c 44. d '15. c

(a) MnO.-

(c) NiF!-

(r) cr(cN)e-

(qcIozclz

(l.l.T 2000)

3E. In the standardiztioo of NES2o3 usin BY\ct2ol
by iodometry, the equivalent weiSht of IqCr2OT is

(a) (moleculsr weiSht)z

(b) (molecular weighD/6

(c) (molecular w€i8ht)R

(d) same as molecxlar wciSht.

39. The r€action,3 CIO- (oq)'
(r.I.T 2oot)

clo; (aq) + 2 cl- (44) is an examPle of

(rI) Oxidation reaction

(b) Reduction reaction

(c) DisProPortionation reactio[

(d) DcmmPosition reactioD. (1 1.t 2001)

40. Standard electrode potentials are

Fe2+ .t FeE = -0,14v,Fe+3zFe+zEo-o71y
Fe+2, Fe+3 and Fe blocks are kept together, ihen

(a) Fe+3 increases

(D) Fe+3 decreases

(c; Fe+2 z Fe+3 remains unchanged

(d) Fe+2 decreases
(c.B.s l. P.'tlr200I)

41, The reductioD Potentials of Zn, Cu' Fe and Ag are

in the order :

(a) Ag, cu, Fe, Zn (b) Cu, A8, Fe' ZD

(c) izD, Cu, Fe, Ag (d) Fe, Zn, cu, Ag
(N.5.1!.20ol)

42. Standard electrode potential data arc useful for

understandiDg the suitability of an oxidaot in a

re<tox titratioi. Some half cell reactions and their

shndard potentials are given belou' :

46.

36. / 37.b 3E., 39.c 4/0.h 42. a41. a
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(c) sro!- < s2o?- < so3-

(d) s2o3- < s2o?- < so3-
(L:. B. S. E. P Lt.'t: 2 003)

47, Which of the tollowing is acrually t ossible if oxjda_
tion potentials o_f ZD = + 0.76 V aDd
A8=-o80v?

-@'Zn +2AE+ 
-Znz+ 

+ 2Ag
(b) Znz+ + 2 Ag- V, t, Ot*
(c)27n+2AE-Znz+ + 2 Ag+

(d) Znz+ + Ag+ 
-Zn+ 

eE
( lh rd tta .I.G.t. lU. S. 200.j )

For decolourizarion of I mole of KMnO., ihe
nroles ofH2O2 rcquired is

(a) Evolved 12 is reduc€d

-{.tfcu[2 is formed

(c) Na2SzO3 is oxidised
- (d) Cu2F2 is formed \A.t.ti.l:.1.).200j\
53. The oxidatioD number of carbon iD CH2C|2 is

lf,* flhat b th€ cquivalent mass of IOi- when it con-
wrtcd into 12 in acid medium ?

(b) 2
(d) 5 (A.cM.C'. 2004)

&rfrw
(d)Mt4

(krala IrLD.li.2004)

(aro
(c) 3

(o)W6
(c) W5
(c) Done of thesc

5i q \Crzol + b KCI + c H2SOa *.r CrOzClz

@) W (b) 3/Z +) KHsoa + z li2o
.lc)512 (d)712 The above equation balaDces wheD

,.r I L,!LS.200Jt (a)o=2,b =4,c =6attdx=2,!, =6,2=349, The pair of compounds having metats in rheir @)o =a,b =2,c=6andx=6,y=Z,z=3highest oxidation state is

1,jrrno,, necr, 
flp, ="r:,i=^;,'"==2T:r,,==t;,rr==rul,,"==1

-(r) MnO;, CrO2Cl2 (e)o=l,b =6,c =4and.t=6,y=Z,z=3
(c)lFe(cN)613-,[co(cN)]l i6 Aruminium ooo,"." orororfr"ir!k';r!;r;'il!,
(d) [NiCl4F- , tcocll]- \t.t 7: 2001) whereas silver does not. The E.M.Ii of rhe cell

g). Consider lhe following E"ralues prepaJed by combining AlzAl3+ aod A8,/A8+ is

E Fca+/Fe2+ = o z7v, E.snz+zs,:_.,: :1-y- 3 i.."u;v{i111.flffirs#,1i":xi:,:fffflx:
Under srandard condirions, rhe porenrial for the 

"l".tio;" 
i"

reaction,

sn (r) + 2 Fe3+ (aq) 
- 2Fc2+ r,oq1 + sn2+ 1aq1 ':;: :rY" 'lr-'r::r:,," 

( Kornntnkn (.t.: l: /t)0.1(d)o 63v (b) 1.40v s?. which of rhe rollo$r'ing starements is rrue for rhe14i 91V (d) 1.68 V etecrrochemicat Daniel ce I

- 0 41, + I 57, + o.7'.- and + I ,97 V resDectivelv. -ftCurrent flows from zinc eleclrode to coDDer
For which one ofthesc metals, the change in oxid;- electrode
tion state front + 2 to + 3 is easiesr ? {€}&tions move towards copper electrode
(a) ft (D) Mn (d) Carions molr'e ro$rrds zinc elecrrode

Na2S203 solution is added to it. Which ofthe state-
ments is iacorec, for the rcaction ? H2O + Br2 .- HOBr + HBr

A^JSWERi
it.I il:i 4E. c 4e. b 50. c sr. tt s2. b 53. o s4. b ss. d
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59.

(a) Proton accePtor only

(D) Both oxidised and reduced

(c) Oxidised only

(d) Reduced only

In a galvanic cell, the electrons flow ftom

(a) anode lo cathode through lhe solution

(6) cathode to anode ihrough the solution

(clanodc to cathode through thc extemal circuit

(d) cathode to anode rhrough the c,(emalcircuit

l@ An ,qu"out tolution conl
of each Cu(NO3)2,

M8(NO3h is beiDg electrolysed using inert

electrodes. The values ofstandard electrode Poten-

tial (reduction Potential) are Ag+'/Ag - + 0 80

HINTg/EXPLANATION9 to
1. Sodium amalgam is a homogenous Dixture ofNa

and HE and a\ such Na exists in thc elementalstate

aod hence ils O,N. is zero
+1

2. MnO4-*5"--Mnz'
Sinc€ I mol€ of MnOa- aca€pts 5 moles of

electroos, therefofe, 5 molesofel€ctrons are lost by

1.67 moles of M'+
.'. 1 mole of Mr+ will lote el€ctrons = 5/1 67

= 3 molfs (awox)

Since Mr+ changes to Mof (where o N' of M =

+ 5) by sccePing 3 clectrons

.. oxid8 on stste of M,l"e,,

x=+5-3=*2
4. The balanced redox equatiotr h

2 MnO.- + 5 CrOl- * 16 g+ 

-2Mf2+ + loco2+8H2o

Thus, the cooffickrnts of MnOf , CrO!- and H+

respcctivcty are 2, 5 and I 6.

5. LorBe n€gath€ Potenthl for the reaction, A + e-

- 
A- imdics thal thc reverse reactioo oc{:u$,

rle., A- is readilY oxidised-

7- 'fhe O.N. of Ca, C and O rsmaio the 6ame

E. TotalO,N. of2 nitrogen atoms in N?H1is --4' SiDce

it lc€s 10 moles of ele€trons, thereforc, the total

1g1g+ tHg- + O.79, Cr2+/Cu = +O'34V,

M*+ twg- -z'tt.
With increasing voltage, tbe scquenc€ of dePositioD

of metals on cathode will be

(a) A8, Hg, Or, Mg (D) Mg, c\t, H8' Ag

(c) Ag, H8, Cu

(e) cu, Hg, A8, Mg

(d) cu, Hg, Ag

tt.t'l: 1931 ;litt(1 ,11.11 L 2o01)

U+
Crrol- + xl- cf + + H2o + o:ddised producl

ofX, X in the above reaction caDnot be

@94'
(c) sol-

(D) Fe2+

(d)*- rc.nv.r zoo,tt

o.N. of two N aloors in Y inqcases by 10,'e thc

tolal O.N. of two N atoms in

Y=-4+10=+6.
.. O.N.of eaohNis\ = + 6[2 = +3.

9, Balanced cquations for producing NO and NO?

resPectively are :

3Cu+8HNO3 .-
3 Cu(NO3)2 + 2NO + 4l{2O (i)

Cu + 4 HNO, -...- Qu(NO3)2 t 2NOz + 2 IIzo
...(,,)

Adding Eqns. (t) aDd (ii), we havc

4Cu + 12HNO3 

-4 cu(No3)2 + 2No2 + 2 No t 6 I{2o

or 2Cu +6tlNO3 -......-

2 Cu (NO3)2 + NOz + NO i 3 I{2O

Thus ccflicientsr and/ of Cu and HN03 resPec-

tiwty are 2 aod 6.

12. MnOa- * 3H+ + 5 g-- Mnz+ +'1Hrt)

FeCrOo__fe2trC-zOl-

Fs2r 

- 
Fe3* +e-

qol- 
- 

lCOz + 2e'
Since ons nlole of FeC2O4 lcses 3 Dloles o[

eleclrons while one nlole of KMnO4 ilcccPts five

!!tt'11Tri:!\tnr..s!": u
61. c5E. D 59. c 60. c

tE:\,Rir.s

(c.D.s.E. PM-T. 2004)



REDOX REACTIONS
9167

moles of electrons, therefore, number of KMnO4
requtued to cDddise one mole of FeqO4 = 3/5

= 0 6 molc.
16. A metol wirh hither O.p. (r... A) replaces a metal

wirh lower O.P (r:e. B) from its aqueous solution.
17. The species wilh the lowest electrde potential is

the strongest reducing agcnt i.e. Fe2+,
lll Onty Al (E = -l 

.66 V) has lower electrode
poteDtialthanZD (E" = -{).76V) aM henco irwill
rcduoe Znz+ lo ZD while all others have higher
electrode potentiab than Zrl.

19. Low€t the reduction potential, strooger the reduc_
ing ageDr. Y (- 3.03 V) > Z F I.66 g >
x (+ 0.52 v.)

21. Since the reductioo potential of y h greater than
lhat of X but l$rcr thaD that of Z, tberefore, ywll
oxidize X bur rct Z.

22. M3+ 
- 

M6+ + 3e-.
23. In CO3-, C ha6 highcsr o,(idarion stare of + 4,

rherefore, it cannot act asa reducing ageot while all
othcrs aet as reducing agents and hebce will not
decolourisE KMnOr srolurion. /

2{. Six electron changc,
. . Eq. ,rt. = nrol. wt,/6.

27. 3 x (+ 2) + 2 x (+ 5 + 4 x - Z)

-+6+2(_3)=0.
2t. The balanccd equation is

KzCr2OT + HzSOa +3SO2 
-

IqSOa+Cr2(SOa)r+HzO.

Therefore, X Y aod Z, the co€mcieDt.s of
I{rSOo, SO, aud HrO relpecrivety are l, 3, t.

30. The balanc€d equatton is;

2Fej+ 1aq1+ sn2+ 1aq; -*
2 Fe2+ 1aq'1+ sna+ (o4)

Thus Ais Sn4+.

31. Gzolt.- + 14 H+ + 6e- 
- 

l,gf + a711rg

Sn2+ 
- 

5n1+ + ze-l x3

0rO|- + 14 H+ + 3 Sn2+ -*
3Sna++2CF++7Hro

From the above EqD., it is svident that 3 moles of
Sn2+ reducc 1 mole of CrrOf-

.. 1 rnole ofSn2+ will reduce lB mole ofCr2O?-.

32. C in COz has the ntaximum O.N. of + 4 aDd betrcc
it cannot acr as ir reducing agenl.

33. In rhis reaction SO2 oxidises HzS ro S. therslore,
Sa)2 acts irs rhe oxidisiDg agent. During oxidation,
four elec{rons are lost, !.e,

SOrr4e-.*S+202-
']hus, Eq. wr ot SO, = Ir,,169. s,1-74

= 64/4 = 16.
34. Sinc€ both rhc tigaDds, ie., pph3 (rriphcnytphos_

phinc) and CO are neutral aDd the complcx does
not carry anv charBe, therefore, O.N. of Cr is zcro

J5. The balanced chemicalequation is:

3Cl2 + 6OlI-+ CtOt + 5 CI- + 3IlzO
37. M++e-...-14. E.= +0.44V ...(r)

X+e-*a-; E.= + 0.33V...(ii)
Subtracing EqD. (ii) from EqD. (i), wc have

M+-x...tM-x-' E =+o.llv
o, M*+X--*M*X ; E.=+0.llV
ie., M++X--..-M+X
is ihe spo{rtaDeous reactioD.

3E. Since K2Cr2O7 accepts 6 elcctrons for its reduction

to Cl+ ioos. ... F4. wl. = IUot, wr./6
40. SiDce E"Fc?+/,po is -ve, therefore, Fe has a high

tendenc, to pass into Fe?+ ioDs. As il rcsult,

1Fc2+l incrcases and hence thar of [Fc3+]
decreases. Alternariwly, Since Fc3+zFe2r is +ve.
lherefore, Fel+ has a stroDg tendenc) to pass iDto
Fez+ and hence [Fe2+l increases i]nd rhat oi
1Fe3+] decreases.

41. E"\ralues decrease in the order :

Ag(+ 0 8{}V), Cu (+ 0.34 9, Fe (_0.4J V),
Zn (-4 'l6v).

42. MnO; wiltoxidise Ct- ior according to rhc equa-
tion,

2KMDO; + l6H+ + t0cl- *
2Mn?++8H2O+SCI2

The rell correspondinu lo lhis rca(lit.,x is

Pr, Cl2 (lbar) | CI- | | Mnoo-, Mn2+, II+ 1 
pr

Ec = 1.51 - 1.40=0.1t!,
As Et[ is +ve, thr abcrtp reaction Ls feasible aud

MnO; wil uidise nor only Fe2+ ioD bur Cl- ion
also.
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(ii) 2 Na2S2O3 + 12..... NES2O6 + 2Nal

Cu[2 is only ilcorrect statemeDt.

2IO1- + 16 l2+81-l2o

Eq.*r.of Io1- ='" Y;'*t = *ru
IqCrzOT + 2 Flzsoa *

2 KHSoo + 2Cro3 + Hzo

2KCI + H2SOa* 2KHSOa + 2HCl x 2

Cro3 + 2IlCl * CrOzClz + H2O x 2

2CrozcL+6KHSO4+3H2O

s6. Al lA.r3+ ll Ac+ lAc
E-1 - Eo^r+7^, - ff rrr'* / ot

or 2.46 = 0-80 - E"Al3+urr

or E AP+/AI = - 1'66 V
60. Hirher lhe reduction potenlial more easily it is

reiuccd. Since the reduction polential (-2 37

Vt of Md+ is much lo$er lhan ihat of s'ater

t-o s: V), therefore, H2o EErs reduc€d in

Dreference to Mgl+ ions. ln other words, Mg

iannot be oblainad by electrolylic rcduction of

M92+ ions in aqueous solution. Thus, the actual

sequence of dePosition is Ag, Hg, Cu'

61. SOl- is not a reducing agertt and henc€ does Dot

reduce Crro]-.

Thequesools 2' Use the lolloring

key to choGe the sPPrcPrhte oNwer'

laif Utf assertiou and reason ore CORRECT aDd reoson ls thc CORRECT cxphnotlon ofthe acsertion'

iol ttoo,t 
"""."Oor 

rnd reasol are CORRECT but reasor ls not the CORRECT exPlslstlon ofthe assertlon'

(c) IfossertioD is CORRECT but thc resson ls TNCORREC'I'

(d) Ifboth ssscrtioD and reason ore INCoRRECT'

54.

55.

1.

Assertior (Columr l)

Blue colour of CuSO4 solution fades away whcn

iroD plate is Plac€d in it.

Copper liberates hydrogen from a dilute solution

of bydrochloric acid.

Zinc displaces copper from copPer sulphate solu-

tion.

Reoson (Column 2)

Cuz+ ion is oxidised by Fe

HydroSen is below copper iD the electrochemical s€ries'

u.I.I.M.S' l99s)

E of Znis-0 76 V aDd that of Cu is + 0 34V
(A.I.I-M.S. 1999)

Lg

45. Gold ha.r higher li" (+ l 50V)thanFe(-0 44v)

and hence q.ln oxidisc I"e to ['-e2+

46. szo12- (r 3) < so3- (+ 1) < s2o;- (+ 5).

+5
lo + e- 

- 
(M nOa)-z.

Red
7n7+ + 2e- ; Ag+ + e- Il' 4g

1/2

+2
Mn

+3
MD?Ol

IqCrzOT + 4 KCI +6
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Tru e, / Falee 5t atement s

1.

3.

4,

lhbh ol ,lE lollowitg srolements a,c tuc orld ti,hich
ore folte ? Rcl,4|ire lE lobe rtateriqrt cdTectty.
Oxidation is a process \rhich i6/olt rs ic6s ofelectroos.
Reducing agents are electron accsptors.
Copper mel,al can be Gidised by Zo2+ ions.
Cl2 caD criidise Br- iosn to Br2.

Copper sulphate solution can be placed iD a vqssel
made of ziDc.

Fill ln The
OxidisiDg ageDts are.............. wbile reducing agenls
4te.................,..

In oxidation, the oxidation Dumber of ao elemcDt
................. while in reduction, it .............--.. .

A substanc€ which increases the cxidatio[ number
of some other substanc€ in a chemical reaction is
called an ................. .

4. The oxidation number of N iD NI3 is

5. The teDdency of
electroN is cnlled

an electrode to gain or lose

Match thc apropiate enoics h coh.trn B X anlt y
x

l. Ruorine

2. Znc, magnesium, iron etc. react with

dil. H2SOa to evoke
3. Stamous chloride

6. Stck notation is used to Damc compounds of me-
tals which iovolve variable cidation staEs.

7. The oxidation numb€r ofN in Np3 is +3.
t. Metals whose electrode potendals are lower than

that of sta[dard hydrogen elcctrode react with
aqumus mineral acids to evohr [I2 gas.

9. HgCl2 aDd Snclz caonot exist as such if pres€nt
together in an aqueous solution.

Blank.s
6. Standard electrode potentials are measured uDder

................. conceotration of metal ions and a
tempcrature of .....,........... .

7. The standard electrode potentials of siDgle elec-
Irodcs arc measured with referenc€ to ,.,............., ,

E, In the electrochemical series, the clements are ar-
rangcd iD order oftheir incrcasing ................. .

9. The compouDd YbBa2C\rO7 whici shorrs super.
conductivity, has copper in midation state
......-.......... Assume that the rare eartb element yt.
terbium is in the usual +3 midation state,

(rJ.x 1ee4)

M atchin O Typ e e.u estio ns

(a) Liberates Ct2 from Cl- ions

(6) Reduces HgCl2 to Hg2Ct2

(c) Hydrogen tas

1. Elcctm[ acccptors, clectroo doDors A iD6essca, dccreases J. qidising agent 4 _3, 5. eledrcde
urogeo etectrode & electode poteotials 9. 76.

r. (a) a (c) 3. (r)
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