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Several chemical reactions involve transfer of electrons from 
one chemical substance to another. These electron-transfer 
reactions are termed oxidation-reduction or redox reactions. 
Redox reactions playa vital role in our daily life. These reactions 
are accompanied by eneigyihanges in thef6ITri()fheat~ light, 
electricity, etc. Generation· of electricity in batteries, production 
of heat energy by burning chemical substances, extraction of 
metals such as sodium, aluminium, iron, etc., manufacture of a 
number of useful products such as caustic soda, potassium 
permanganate, etc.; electrodeposition or electroplating are 
common examples of redox reactions. Before we discuss the 
application of redox reactions in th.e p~pductiotl of electricity in 
different cells and the electrolysis phenomenon, it will be proper 
to study first the basic concepts· of oxidation"reduction. The 
present chapter deals with the basic fundamentals of 
oxidation-reduction. 

1-1;1 MOLECULAR AND IONIC EQUATIONS 
Consider the' reaction between solutions of ferric chloride and 
stannous chloride. When they are mixed, ferrous chloride and 
stannic chloride are formed. The chemical change can be 
represented by the following equation: 

2FeCl3 + SnCl2 2FeCl2 + SnCl4 

The reactants and products have been written in molecular 
forms; thus, the equation is termed as molecular equation. 
Since, the reactants and products involved in the chemical change 
are ionic compounds, these will be present in the form of ions in 
the solution. So, the above chemical change can be written in the 
following manner also: 

2Fe3+ + 6CI- + Sn 2+ + 2Cl- -7 2Fe 2+ + 4Cl- + Sn 4+ + 4Cl-

or 2Fe3+ + Sn2 + -72Fe2+ + Sn 4+ 

The ferric ions combine with stannous ions to form ferrous 

j 

ions and stannic ions. This is an ionic equation for the above 
chemical change. 

Ionic equations represent chemical changes in terms of ions 
which actually undergo reaction. The ions which do not undergo 

, 'anyelectfollicchange 'rlWliig acherrllcaCcbange' are tern1ed--' 
spectator ions. The spectator ions are not included in the final 
balanced equations. 

The rules to be followed for writing ionic equations are: 
(i) All soluble ionic compounds involved in a chemical change 

are' expressed in ionic symbols and covalent substances are 
written in molecular form. HzO, NH3 , NOz , NO, S02' CO, 
CO2 , etc., are expressed in molecular form. 

(ii) The ionic compound which is highly insoluble is 
expressed in molecular form. 

(iii) The ions which are common and equal in number on both 
sides, i.e., spectator ions, are cancelled. 

(iv) Besides the atoms, the ionic charges must also be_ 
balanced on both the sides. 

. ······.S S E \1······, . • • • ••• OME OLVED XAMPLES •••••. 

Example 1. Write the following equation in ionic form. 

MnOz +4HCI-7MnClz +2HzO+Clz 
Solution: In this equation HCl and MnClz are ionic in 

nature. Writing these compounds in ionic form, 

MnOz + 4H + + 4CI- = Mn 2+ + 2Cr + 2HzO+ Clz. 

2Cl- ions· 'are common on both sides; so these are cancelled. 
The desired ionic equation reduces to, 

MnOz + 4H + + 2CI- = Mn 2+ + 2HzO+ Clz 
Example 2. Represent the following equation in ionic form. 

K ZCrz07 +7HzS04 +6FeS04 3Fez(S04h + Crz(S04h 

+ 7H20+ K 2S04 
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Solution: In this equation except H20, all are ionic in 

nature. Representing these compounds in ionic forms, 

2K + + Cr20~- + 14H + + 7S0;- + 6Fe 2+ + 6S0;-~ 

6Fe3+ + 9S0;- + 2Cr 3+ + 3S0;- + 2K+ + SO;- + 7H20 

2K + ions and 13S0;- ions are common on both sides, so these 

are cancelled. The desired ionic equation reduces to, 

Cr20~- + 14H + ~ 6Fe 2+ = 6Fe3+ .;. 2Cr3+ + 7H20 

Total charges are equal on both sides; thus, the balanced ionic 
equation is the same as above. 

:;~~-txample 3. Write the balanced ionic equation for the 
reaction of sodium bicarbonate with sulphuric acid. 

Solution: The molecular equation for the chemical change 
___ is:-

NaHC03 +H2S0'4,~Na2S04 + H20+ CO2 

NaHC03, H2SO:4 and Na2S04 are ionic' compounds; so 
these are written in ionic forms. 

Na + + HCO:; + 2H + + SO;~ ~ 2Na+ + S();- +H20+ CO2 

Na + and SO;- ions are sp~ctator ions; hen~e these shali not 

appear in the final equation. c
l
e 

HCO:; +2H+ ~H20j-C02 

To make 'equal charges on both sides, HC03" should have a 

coefficient 2. 

2HCO:; + 2H + ~ H20 + CO2 

In order to balance the hydrogen and carbon on both sides, the 
molecules of H 20 and CO2 should have a coefficient 2 
respectively. 

or 

2HCO:; + 2H + = 2H20 + 2C02 

HCO:; + H + = H20 + CO2 

This is the balanced ionic equation. 

.....•.•. .. " ,:Exainple 4. Write the following ionic equation in the 
molecular form if the reactants are chlorides. 

2Fe3+ +Sn2+ ~2Fe2+ +Sn4+ 

Solution: For writing the reactants in molecular forms, the 
requisite number of chloride ions are added. 

2Fe3+ + 6Cl- + Sn 2+ + 2Cl-

or 2FeCl3 + SnCl2 
Similarly 8 Cl- ions are added on RHS to neutralise the 

charges. 

or 2FeCl 2 + SnC1 4 
Thus, the balanced molecular equation is 

2FeC13 + SnCl2 = 2FeCl 2 + SnC14 

Early Ideas of Oxidation and Reduction: The term oxidation 
was first used to describe chemical reactions in which oxygen '. 
was added to an element or a compound. The phenomenon of 
combustion was the earliest example of oxidation. Later on the 
term oxidation was extended t~ describe many more reactions 
which oceurred without the use of even oxygen. 

Oxidation is a process which involves: 
(a) Addition of oxygen: 

2Mg + 0; = 2MgO 

S+ 0; = S02 

2CO + 0; = 2C02 

(Oxidation of magnesium) 

. (Oxidation of sulphur) 

(Oxidation of carbon monoxide) 

Na 2S03 + H20; = Na2S04 + H20 

(Oxidation of sodium sulphite) 
(b) Removal of hydrogen: 

H2S+Cl; =2HC1+S 

. (Oxidation of hydrogen sulphide)-

41:11 + 0; = 2H20 + 212 

(Oxidation of hydrogen iodide) 
4HCl + MnO;- = MnGI-2-+-2H20 +-GI2 ' ----.-.--

(Oxidation of hydrogen chloride) 
(c) Addition of an electronegative element: 

Fe + S· = FeS (Oxidation of iron) 

SnQ,2 + Cl; = SnCl4 (Oxidation of stannous chloride) 

2F~ + 3F; == 2FeF3 (Oxidation of iron) 

(d) Removal of an electropositive element: 
2KI + H20; = 2KOH + 12(Oxidation of potassium iodide) 

2K2Mn04 + Cl; = 2KCl + 2KMn04 

(Oxidation of potassium manganate) 
2KI + Cl; = 2KCl + 12 (Oxidation of potassium iodide) 

A substance which brings oxidation 'is known as oxidising 
agent. The' substances marked with asterisk sign (*) in above 
equations are oxidising agents. 

Reduction is just the reverse of oxidation . 
Reduction is a process which itlVolves: 
(a) Removal of oxygen: 

CuO+ C' = Cu + CO (R~duction of cupric oxide) 

H20+ C* = CO+ H2 
Steam Coke ~ 

Water gas 

: (Reduction of water) 

Fe304 + 4H; ~ 3Fe + 4H20 "'-

(b) Addition of hydrogen: 
Cl 2 + H; = 2HCl 

S + H; = H2S 

C2H4 + H; = C2H6 

(Reduction of magnetic oxide) 

(Reduction of chlorine) 

(Reduction of sulphur) 

(Reduction of ethene) 

(c) Removal of an electnmegative element: 
2HgCl 2 + SnCl; = Hg 2Cl2 + SnC14 

(Reduction of mercuric chloride) 



740 .1· G.R.B. PHYSICALCHEMfSTRY FOR COMPETITIONS 

2FeC13 + H; =2FeC1 2 + 2HCl (Reduction offerric chloride) 

2FeCl 3 + H2S* = 2FeCl 2 -+ 2HCl + S 

(Reduction offerric chloride) 
. (d) Addition of an electropositive element: 

HgCl2 + Hg *= Hg2Cl2 (Reduction of mercuric chloride) 

CuCI 2'+ Cu' = Cu 2Cl2 (Reduction of cupric chloride) 

The substance which brings reduction is known as reducing 
agent. The substances marked with asterisk sign (*) in the above 
equations are reducing agents. 

A substance, which undergoes oxidation, acts as a 
reducing agent while a substance, which undergoes 
reduction, acts as an oxidising agent. 

Mg, S, Cu, Na2S03' H2S, HI, H2, C, KI are reducing agents, 
while O2, e12, F2, H 2 0 2, Mn02, FeCI 3 , CuCI 2, Fe304' CUO, 
etc , are oxidising agents in the above examples 

_~ __ .ClAwl1Lo",xo.J.idation..and redl)ction reactiims...ar.e~omplimental"¥--O-£ 
one .another and occur simultaneously, one cannot take place 
without the other: No single oxidation and no single reduction 
process is known. The simultaneous oxidation and reduction 
reactions are generally tenned as redox reactions. 

e.g .. , 2FeC13 + SnCh '.~. '4FeCh ±SnCl4 

2Fe 3+ + Sn 2+~ 2Fe2+ + Sn 4+ 

In above example it;on undergoes reduction froin +3 to+2 and 
tin undergoes oxidation from +2 to +4. 

Redox reactions are divided into two maintypes: 
(i) InterD)olecular redox: In. such. redox reactions, one 

molecule of reactant is oxidised whereas molecule of other 
reactant is reduced." 

e.g., N0"3 +H2S+H20+H+ ~NH; + HSO:;: 

II . . Oxidised I J 
Reduced' 

(Ii) Intramolecular redox: One atoin of it molecule is 
oxidised and other atom of same molecule is reduced then it is 
intramolecular redox reaction. 

e.g., 2 Mn 207 ~ 4Mn02 + 302 

1':h3 MODERN CONCEPT OF OXIDATION 
AND REDUCTION 

According to the modem concept, loss of electrons is:bxidation 
whereas gain of electrons is reduction. 

Examples of oxidation reactions are: 
Na~Na+ +e' 

Zn ~Zn2+ +2e 

Fe2+ ~ Fe3+ + e 

sri 2+, ~ Sn 4+ + 2e 
. -/ 

~ + 
H20 2 ~02 +2H +2e 

2S20~- ~S40~- +2e 

4" 

[Fe(CN)6]4-~ [Fe(CN)6]3- + e 

MnO~- ~ MnO:;: + e 

Examples of reduction reactions are: 
Cl 2 +2e~2Cl-

S+2e~S2-

Cu 2+ +2e~Cu 

MnO:;: +8H+ +5~~Mn2+ +4H20 

Cr20;- +14H+ +6e~2Cr3+ +7H20 

H20 2 +2H+ +2e~2H20 

Oxidation and reduction can be represented in a general way 
as shown below: 

. ~ " 

Loss of ~Iectrons 
) Oxidation 

e e e e e 'e e e 
-1-1 I-I 

4- 3- 2- 1- 0 1+ 2+ 3+ 4+ 
M M M M M M M M M 

+e +e +e +e +e +e +e +e 

Reduction ( 
Gain of electrons 

In a redox process the valency of the involved species 
changes. The valency of a reducing agent increases while the 
valency of an oxidising agent decreases in a redox reaction. The 
valency of a free element is taken as zero. 

Increase in valency 
----------------l) Oxidation 

-4, - 3, - 2, -1, 0, + 1, + 2, + 3, + 4 

Reduction t-(-. -----------­
Decrease in valency 

. When' there is no change in valency it means there is no 
oxidation or reduction, e.g., in 

BaCl2 + H2S04 ~BaS04 + 2HCl) .. (~o Change) 
BaSO 4 ----:----+ Ba 2+ + SO~- '. 10 valency 

Conclusions 
(i) • Oxidation is a process in which one or more electrons are 

losror valency of the elemeritincreases. 
(ii) Reduction is a process in which one or more electrons are 

gained .or ~~lericy of the element decreases;. 
(iii) OxidIsing agent is a material which can gain one or more 

·'electrons,i.e. , valency decreases. . 
.. (iv}~educing agent is a material which can lose one or more 

. 'ele¢trons, i.e. , valency increases . 
_ (v) Redox' reactiori involves two half reactions, one 

inv()lving loss of electron or electrons (oxidation) and the 
otherjnvolving gain of electron or electrons (reduction). 

Examples: - .. 2. 

rl -O-Xl-·d-a-tio-n------,l 

1 . 2Hg2+ + Sn 2+ ~ Hg~+ + Sn 4+ 

I +2e j 
Reduction 



2. 

3. 

+2. 

I Reduction l 
Sn 2+ + 2Fe3+ ~ 2Fe2+ + Sn 4+ 

+ 2. 

I Reduction 

2S20~- +12 ~S40~-
I - 2e j 

Oxidation 

11.4 ION-ELECTRON METHOD FOR 

3rd step. 

4th step. 

H2S~2H+ +S+2e 

Fe3+ + e ~ Fe2+ 

741 

Balancing electrons in both, the half reactions, 
IhS~2H+ +S+2e 

2Fe3+ + 2e~ 2Fe2+ 

Adding both the half reactions, 

H2S + 2Fe 3+ ~ 2H + + S + 2Fe 2+ 

Converting it into molecular form l 

H2S + 2Fe 3+ + 6CI-~ 2H + + 2Cr + S + 2Fe2+ + 4Cl-

BALANCING REDOX REAC.TIONS or H2S + 2FeCl 3 ~ 2HCl + S + 2FeCl 2 

Tbe metbod for balancing redox reactjons by jon electron method__(~~Ca±1iN03 ~ Cu(NOyh-±Nfu~O_~­

was developed by ,Jette and LaM~Y7jn 1927. It involves the_~-n-Ionic~equation;----~--~~-----------------
following steps: - ' 

(i) Write down the redox reaction in ionic form. Cu + H + + NO; ~ Cu 2++ NO+ H20 
(ii) Split the.redox reaction into two half reactions, one for 

oxidation and the other for redu~tion. 
(iii) Balance eac;h }:I.alfreaction for the number of atoms of 

each element. For this purpose: 
(a) Balance' thea:tomsother than -H and 0 for each half 

reaction using simple multiples: 
(b) Add water molecules to the side deficient in oxygen and 

H + to the side deficient in hydrogen. This is done in 
acidic or neutral solutions. 

(c) In alkaline solution, for each excess of oxygen, add one 
water molecule to the same side and two OH - ions to the 
other side. If hydrogen is still unbalanced, add one OH 
ion for each excess hydrogen on the same side and one 
water molecule to the other side. 

(iv) Add electrons to the side deficient in electrons as to 
equalise the charge on both sides. 

(v) Multiply one or both the half reactions by a suitable 
number so that the number of electrons become equal in 
both the equations. 

(vi) Add the two balanced half reactions and cancel any term 
common to both sides. 

The following solved problems illustrate the various steps of 
ion electron method: 

'~::~.·Jl,xa~ple 5. Balance the following equations by ion 
electron method. 

(a) FeCI3 +H2S~FeCI2 +Hel+S 
(b) Cu + HN03 ~ Cu(N03 h +NO + H20 
(c) KI + Cl2 ~ KCI + 12 
(d) Mn02 +HCI~MnCI2 +HP+CI2 
(e) H2S +HNOJ ~H2S04 +N02 +HP 
Solution: (a) FeCl3 + H2S FeCl 2 + HCI + S 

Ionic equation, + H2S ~ Fe2+ + H + _ + S 

1st step. Splitting the redox reaction into two half reactions, 
H2S~2H+ +S' Fe3+ ~Fe2+ 

(Oxidation half reru:tion) (Reduction half reaction) 

2nd step. Adding electrons to the side deficient in electrons, 

1st step. Splitting into two half reactions, 

Cu~Cu2+; NO; +H+ ~NO+H20 
(Oxidation half reaction) 

2nd step. Adding H + ionsto the side deficient in hydrogen, 

,Cu ~Cu2+;- NO; +4H+ ~NO+2H20 

3rd step. Adding electrons to the side deficient in electrons, 

Cu ~Cu2+ +.2e; NO; +4H+-+3e~NO+2H20 

4th step. Balancing electrons in both half reactions, 

3Cu ~3Cu2++6e; 2NO; +SH+ +6e 2NO+4H20 

or 

5th step. Adding both the half reactions, 

3Cu+2NO; +SH+ ~3Cu2+ +2NO+4H20, 

Converting it into molecular form, 

3Cu + 2NO; + SH + + 6NO; ~ 3Cu 2+ + 6NO; + 2NO 

- +4H2 0 

3Cu + SHN03 ~ 3Cu(N03}z + 2NO + 4H20 

(c) KI + Cl2 ~ KCI +12 

Ionic equation, r- + Clz ~Cl- +12 

Splitting into two half reactions, 

r Cl2 ~Cl-
(Oxidation) (Reduction) 

Making number of atoms equal, 

2r Cl 2 ~2cr 

Adding electrons, to the sides deficient in electrons, 

2r ~12 +2e; Cl 2 +2e~2Cl-, 

Adding both the half reactions~ 

2r +C1 2 ~12 + 2Cl-

Converting it into molecular form, 
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2K + + 21 + Cl z ~ I 2 + 2CI- + 2K + 

or 2KI+ Cl z ~lz + 2KCI 

(d) MnOz -+ HCl ~MnClz + H20+ Cl2 
Ionic equation, 

Mn02 +H+ +CI- ~Mn2+ +H20+CI 2 

Ist step. Splitting into two half reactions, 

Cl- ~C12 Mn02 +H+ ~Mn2+ +H20 
(Oxidation half reaction) (Reduction half reaction) 

2nd step. Adding H + ions to the side deficient in hydrogen, 

Cl- ~C12 ; Mn02 +4H+ ~Mn2+ +2HzO 

3rd step. Making atoms equ~l on both sides, 

2cr ~C12; Mn02 +4H+ ~Mnz+ +2H20 

4th step~-~g elecfrofiS101llesiOedefIclent III electrons, 

MnOz +4H+ +2e~Mn2+ +2H20 

5th step. Adding both the half reactions, 
2CI- + MnOz +4H+ ~C12 + Mn 2+ +2H20 

Converting-iUnto molecular form, 

Mn02 +2CI- +4H+ +2CI- ~Clz +Mn2+ +2CI- +2HzO 

or Mn02 + 4HCI ~ MnCl 2 + Gl 2 + 2H20 

(e) H2 S + RN03 ~ H2S04 + N02 + H20. 

Ionic equation, 

H2S+N0"3 ~N02 +H20 

1st step. Splitting into two half reactions, 

H2~ ~ SO~-; N0"3 ~ NOz + H20 
(Oxidation half reaction) (Reduction half reaction) 

2nd step. Add water to the side deficient in oxygen, 

H2S + 4H20~ SO~- + IOH + 

3rd step. 'Add H+ ions to the side deficient in hydrogen, 
ND:j +2H+ ~NOz + H20 

4th step. Add electrons to the side deficient in electrons, 

H2S+4HzO~SO~- +lOH+ +8e 

NO; +2H+ + e~NOz + H2 0 

5tb step. Balancing electrons in both the half reactions, 

H2S+ 4H20~SO~- +lOH + +8e 

[NO; +2H+ +e~N02 +H20]x8 

6th step. Adding both the half reactions, 
HzS+4H20+8NO; +6H+ ~SO~- +8NO:z +8HzO 

or H2S+8NO; +6H+ ~SO;- +'8N02 +4H20 

Converting it into molecular form, 

H2S+8HN03 ~.H2S04 +8N02 +4HzO 
''''-) 

"'~i_-":_~~-;_'r_.;·- --, 

~li:i'~:EJ:ample 6. Balance the following equations by ion 
electron method: 

(a) MnO:; + Fe2+ +H+ ~Mnz+ + Fe 3+ +HzO 

(b) MnO:; +CzO~- +H+~Mnz+ + CO2 +HzO 

(c) CrzOi- +1 +H+ ~Cr3+ +/z +HzO 

(d) Cr20i- + S02 + H + ~ Cr3+ + HS0
4
- + H 20 

(e) Iz+OH ~103+1-+H20 

(f) Cl2 +10:; +OH- ~IO:; +Cl +H20 

Solution: 
(a) MnO:;- + Fez+ +H+ ~Mn2+ + Fe3+ +H20 

1ststep -.,Splitt~~ . ---- .. - -

(Reduction half reaction) (Oxidation half reaction) 

2nd· step. Adding hydrogen ions to the side deficient in 
hydrogen, 

MnO:;- + 8H + ~ Mn 2+ + 4HzO, 

3rd step. Adding electrons to the sides deficient in 
electrons, 

MnO:;- + 8H + + 5e ~ Mn z++ 4H20 

Fez+ ~ Fe3+ + e 

4th step.· Balancing electrons in both half reactions, 

MnO:;- +8H+ +5e~Mn2+ +4HzO 

5Fe2+ ~5Fe3+ +5e 

5th step. Adding both the half reactions, 

MnO:;- + 8H + + 5Fe2+ ~ Mn 2+ + 5Fe3+ + 4HzO 

(b) MnO:;- + C2 O~- + H + ~ Mn 2+· + CO2 + H2 ° 
Splitting into two half reactions, 

MnO:;- + H + ~ Mn 2+ + H20; C20~- ~ 2COz 

Balanced as in Question (a), 

MnO:;- +8H+ +5e~Mnz+ +4HzO 

C20~- ~2C02 +2e 

Balancing electrons in both half rea~,~,ms, 

2[MnO:;- + 8H + + 5e ~ Mn 2+ + 4H20]; 

5[C20~- ~ 2COz + 2eJ 

Adding both the half reactions, 

2MnO:;- + 16H + + 5CzO~- ~ 2Mn 2+ + IOCOz + 8H20 
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(c) Cr20~- + 1- + H + ----') Cr 3+ + 12 + H20 

1 st step. Splitting into two half reactions, 

r Cr20~- + H + ----') Cr3+ + H20 
(Reduction half reaction) (Oxidation half reaction) 

2nd step. Adding hydrogen ions to the side deficient in 
hydrogen, 

Cr20~- + 14H + ----') Cr3+ + 7H20 

3rd step. Making atoms equal on both sides, 

Cr20~- + 14H + ----') 2Cr 3+ + 7H20 ; 2r ----') 12 

4th step. Adding electrons to the sides deficient m 
electrons, 

5th step. Balancing electrons, 

Cr20~- + 14H + + 6e ----') 2Cr3+ + 7H20 

3[2r ----')1 2 + 2e] 

6th step. Adding both the half reactions, 

Cr20~- + 14H + + 61- ----') 2Cr3+ + 31 2 + 7H20 

(d) Cr20~- + S02 + H + ----') Cr 3+ + HSO:; + H20 

" 
lst step. Splitting into two half reactions, 

CrzO~- + H + ----') Cr3+ + HzO; 
(Reduction half reaction) 

S02 HSO:; 
(Oxidation half reaction) 

2nd step. Adding H + ions to side deficient in hydrogen, 

Cr20~- + 14H + ----') Cr3+ + 7HzO 

3rd step. Adding water to the side deficient in oxygen, 

S02 + 2H20----') HSO:; + 3H + 

4th step. Making atoms equal on both sides, 

CrzO~- +14H+ ----')2Cr 3+ +7H20· 

5th step. Adding electrons to the sides deficient in 
electrons, 

Cr20~- + 14H + + 6e ----') 2Cr3+ + 7H20; 

S02 + 2H20 ----') HSO:; + 3H + + 2e 

6th step. Balancing electrons in both the half reactions, 

Cr20~- + 14H + + 6e ----') 2Cr3+ + 7HzO 

[S02 + 2H20----')HSO:; +3H+ +2e]x3 

7th step. Adding both the half reactions, 

Cr20~- + 5H+ + 3S02 ----') 2Cr3+ + 3HS04 + H20 

(e) 

1 st step. Splitting into two half reactions, 

12 +OW----')I03"+H2 0; 12 1-
(Oxidation half reaction)· (Reduction half reaction) 

2nd step. Adding OH - ions, 

l z + 120W ----') 210; + 6H2 0 

3rd step. Adding electrons to the sides deficient in 
electrons, 

12 +120W 210; + 6H2 0 + lOe; 12 + 2e 

4th step. Balancing electrons in both the half reactions, 

12 + 120W ----')2103" +6H20+lOe 

··-···.5(l.2~+_2e=.~_2L-::_l-___ . 

5th step. Adding both the half reactions, 

61 2 + 120H- ----') 2103" + 101- + 6H20 

Dividing by 2, 

31 2 + 6OH- ----') 103" + 51- + 3HzO . 

(f) 

lst step. Splitting into two half reactions, 

103" +OW ----')10:; +H20; Cl 2 Cl-
(Oxidation half reactio~) (Reduction half reaction) 

2nd step. Adding QH - ions, 

103" +20W ----')10:; +H20 

3rd step. Adding electrons to the sides deficient in 
electrons, 

103" + 20W ----') io:; + H2 0 + 2e 

Cl 2 + 2e ----') 2CI-

4th step. Adding both the half reactions, 

10; + 20W + Cl2 ----')10:; + 2Cl- + H20 

1'1';5 OXIDA"rlON NUMBER 
(Oxidation State) 

It is defined as the charge (real or imaginary) which an atom 
appears to have when it is in combination. In the case of 
electro valent compounds, the oxidation number of an .element or 
radical is the same as the charge onthe ion. This is the real charge . 
and is developed by the loss and gain of electron or electrons. For 
example, in the electrovalent compound, sodium chloride 
(NaCI), the charge on sodium and chlorine is . + land -J; 
respectively. The charges have been developed by the transfer of 
one electron from Na-atom to Cl-atom. Thus, inNaCI(~a +·CI- ), 
the oxidation number of sodium is + land that of chlorine is -1 . 

The oxidation numbers of atoms in covalent compounds can 
be derived by assigning the electrons of each bond to the more 
electronegative atom of the bonded atoms. For a molecule ofHCI . 
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. both the electrons of the covalent bond are assigned ,to the 
chlorine atom since it is more electronegative than hydrogen. 

o 0 

H 

Thus, chlorine atom has one more electron than the neutral 
chlorine atom which brings one unit negative charge on chlorine. 
The oxidation number of chlorine in this compound is -1. The 
hydrogen atom has lost the only electron possessed by it, thus 
acquiring one unit positive charge. The oxidation number of 
hydrogen is, therefore, + 1 in this compound. In th'e case of 
covalent bond between two identical atoms, i. e. , 
electronegativity difference is zero, the bonding electrons are 
shared equally between the bonded atoms, i. e., no charge is 

We know that, Ox. no. of K = + 1 
Ox. no. of 0= 2 

So, 
or 

Ox. no. K + Ox. no. Mn + 4(Ox.no. 0) = 0 
+ I + X + 4(-2) = 0 

or 

or 

+1 + x 8 =0 

x=+8-1 +7 

Hence, Ox.no. ofMn in KMn04 is +7. 
Similarly, for Sin Na 2S20 3, 

2(Ox. no. Na). + 2(Ox. no. S) + 3(Ox. no. 0) = 0 

2x(+l)+2x+3(-2)=0 

x=+2 
Hence, Ox.no. ofS in Na2S203 = + 2. 

developed on any of the atoms. Thus, the oxidation numbers of ~~;'P<';'" . " . 
, both chlorine atoms are zero in the molecule of chlorine. f~,r}RfiJlmple 8. What IS the OXidatIOn number of Cr in 

o o, __ ·~l1eutnllchlorine.ato~ __ ... K 2Cr20 7 ? ..__ ...... ~_.~.' __ .. (Ranchi 1996) ___ _ 

-=-~==-<~::>-7°~::~-P-[ ~~~~:~~e~~p:~e7.nt -'t------n

-. ~~~::th~:~theo~:~:~~i:c:: ~2C~207-~~,~~-~-p . . .. 

Counting of electrons in this fashion is not convenient in many 
molecules and therefore the following. operational rules are 
followed which are helpful and convenient in determining the 
oxidation numbers: 

(i) The oxidation numb~(Ox.i{o.) of ,an atom in free 
elements is zero, no matter how complicated the 
molecule is, hydrogen in H2 , sulphur in Ss', phosphorus 
in P4' oxygen in O2 or 0 3, all have zero value of 

(ii) 

(iii) 

(tv) 

oxidation numbers. 
The fluorine, which is the most electronegative element, 
has ,Qxidation number -1 in all of its compounds. 
Oxidation number of oxygen is -2 in all compounds 
except in peroxides, superoxides and oxygen fluorides. 
In peroxides (O~- ) , oxygen has oxidation number -1; in 
superoxides (0; ), oxygen has oxidation number - 1/2; 
and in OF2, the oxygen has an oxidation number +2. 
The oxidation number of hydrogen is + 1 in' all of its 
compounds except ih metallic hydrides like NaH, BaH2, 
etc. Hydrogen is in-f oxidation state in these hydrides. 

(v) The oxidation number of an ion is ~qual to the electrical 

(vi) 

(vii) 

charge present on it. 
The oxidation number of IA elements (Li, Na, K, Rb, Cs 
and Fr) is +1 and the oxidation number of IIA elements 
(Be, Mg, Ca, Sr, Ba and Ra) is, +2. 
For complex ions, the algebraic sum of oxidation 
numbers of all the atoms is equal to the net charge on the 
ion. 

(viii) In the case of neutral molecules, the algebraic sum of the 
oxidation numbers of all the atoms present in the 
molecule is zero. . 

The following solved examples illustrate the application of the 
above rules for finding out the oxidation number of an element in 
particular species: 

~afiiple 7. What is the oxidation number of Mn in 
KMn04 and of Sin Na2 S 203 ? 

SolutiOll: Let the Ox.no. ofMn inKMn04 be x. 

Ox. no. of 0=- 2 

So, 2(Ox. no. K) + 2(Ox. no. Cr) + 7(Ox. no. 0) = 0 

or 

or 

or 

2(+1) + 2(x) + 7(-2) = 0 
+2 + 2x 14 = 0 

2x=+14-2 +12 
. 12 

x=+~=+6 
2 

Hence, oxidation number ofCr in K2Cr207 is +6. 

it~~ix'liiiiple 9. What is the oxidation number of Fe in 
K4Fe(CN)6? 

Solution: Let the oxidation number of Fe be x. 
We know that, Ox.no. of K = + 1 

. Ox. no. of (CNr =-1 

So, 4(Ox.no. K) + Ox. no. Fe +6(Ox.no. CW) = 0 

or 

or 

4(+1) + x + 6(-1) = 0 
+4 + x 6 =0 

x=+6-4 +2 

The oxidation number of iron in K4Fe(CN) 6 is +2. 

Example lO~ . Find the oxidation number of 
(a) S in sot ion (b) S in HSOi ion 

(c) Ptin(PtC1d2- ion (d) Mn in (Mn04 )- ion 

Solution: (a) Let the oxidation number of S be x. 

We know that, . Ox.no. of 0 =: - 2 

So, Ox. no. S+ 4(Ox. no. 0):= . 2 
or x + 4(-2) = - 2 
or x 8 =-2 

or x=+8-2=+6 

The oxidation number of S in SO~- ion is +6. 

(b) Let the oxidation number of S be x in HSO:3 ion. 

We know that, Ox.no. ofH = + 1 

Ox. no. of 0= - 2 
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So, Ox. no. H+ Ox. no. S+3(Ox.no. 0) =-1 [Ans. (a)] 
+1 + x + 3(-2) =-1 [Hint: Let oxidation state of S is x. 

or +1 + x 6 =-1 x+ 4(-2)=-2 .. 
or x 5 =-1 

x = + 6] 
or x=+ 5 + 4 2. Arrange the following in the increasing order of oxidation 

The oxidation number of S in HSO:;; ion is + 4. 

(c) Let oxidation number of Pt be x. 

state ofMn: ZOOt)) 
(i) Mn 2+ , (ii) Mn02 (iii) KMn04 (iv) K2Mn04 

We know that Ox.no. of CI := -1. (a) (i) > (ii) > (iii) > (iv) (b) (i) < (ii) < (iv) < (iii) 

So, Ox. no. Pt + 6(Ox. no. Cl) = - 2 
x + 6(-1) =-2 

ill x 6 =-2 

(c) (ii) < (iii) < (i) < (iv) (d) (iii) < (i) < (iv) < (ii) 
[Ans. (b)] 

[Hint: Mn2+ < Mn02 < K?Mn04 < KMn04 ] 
(+2) (+4) - (+6) (+7) 

or x +6 2=+4 3. Which of the following has least oxidation state of Fe? 

The oxidation number ofPt in [Pt(CI)6]2- ion is + 4. 

---4lf-Let-oxida.tion..munber..o.fMn.be..x..-~. ----~- ......................... (b) Kz[Fe04] ----_ .................... ---

--------~(c)YeSO~(NH4J2SU4-;-6H20 ------We.knO-wJ.hat,--Ox..no....o:fO - 2.L-~~-

So, Ox. no. Mn + 4(Ox. no. 0) = -1 
x + 4(-2) =-1 

or x 8 =-1 

or x + 8 1= + 7 
The oxidation number of Mn in [Mn04 r ion is +7. 

if~;-~fjiample lLWhich compound amongst the following has 
the highest oxidation number for Mn? 

KMn04,K2Mn04,MnOz and Mn203' 
Solution: 

KMn04 +l+x 8 0 
x=+7 

+2+x 8 0 
x +6 

x 4 0 
x +4 

2x-6.=O 
x +3 

Ox.no.ofMn 
+7 

+6 

+4 

+3 

Thus, the highest oxidation number' for Mn is in KMn04. 
Sometimes, oxidation numbers have such values whiCh at first 

sight appear strange. For example, the oxidation nUmber of 
carbon in cane sugar (C12H22011), glucose (C 6H120 6), 
dichloromethane, etc:, is zero. 

Cane sugar (C12H2Z011 ) 
I2xx+22xl+11(-2) 0 

12x+ 22- 22 0 
So, x 0 

Glucose (C 6H12 06) 
6xx+12xl+6(-2)=O 

6x+ 12-12= 0 
.So, x= 0 

Dichloromethane (CHz Clz) 
x+2xI+2(-1)=O 

, .:t+2-2=O 

So,x=:=O 

1. Oxidation state of S in SO~-: [ReECE (l'dedical) 100S] 

(a) +6 (b) +3 
(c) +2 (d)-2 

(d) [Fe(CN)6]3-

[Ans. (c)] 
[Hint: In mohr salt FeS04 ·(NH4hS04 ·6H20, 
state of iron is +2 which is least. 

K3[Fe(OH)i,] -

K 2[Fe04] 

+3+ x '6 0 

+2 + x 8 = 0 

oxidation 

x +3 

x +6 

FeS04 ·(NH4hS04 ·6H20 

Fe(CN)r 

+ 2 state in FeS04 (x 2 0) 

x-6=-3 x + 3] 

4. Oxidation state of carbon in HCOOH will be: 
(a) +1 (b) +2 (c)-4 (d) 0 

. [Ans. (b)] 
. [Hint: Let the oxidation state of carbon be x. 

2-tx-4=0 

x = 2] 

S. Oxidation states of chlorine in HCI04 and HCI03 are: 

(a) +4, +3 (b) +7, +5 (c) +3, +4 (d) +5, +7 
[Ans. (b)] 

[Hint: HCI04 : + 1 + x - 8 = 0, x= + 7 

HCI03: +1+x-6=0,x=+5] 

'ij,:1~~; SPECIAL EXAMPLES OF OXIDATION 
STATE DETERMINA1"ION 

1. Oxidation state of sulphur in Na 2S4 0 6 : It is only average 
oxidation number of sulphur. Let us see the structure of 

Na2S406' 

° ° +- i i -+ 
Na O-S-S-S-S-ONa 

.1 .1 
° ° 

From the structure, it is clear that the sulphur atoms acting as 
donor atoms have +5 oxidation number (each) On the other hand, 
the sulphur atom involved in pure covalent bond formation has 
zero oxidation number. 
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2. Oxidation number of sulphur in (CH3 hSQi(dimethyl 

sulphoxide): Here, oxidation number 0::::: - 2{ oxidation 

number of each CH3 group is + 1. 

+ 2 + x - 2::::: 0 or x 0 

Thus, sulphur lies in zero oxidation state. 
3. Oxidation number of sulphur in perdisulpburic acid 

H2S20 S : It may be done only when the structure is drawn. 

° ° i i 
H -0-8-0-0-8-O-H 

t t 
° ° Oxidation number of 8 = x; oxidation number of H + 1; 

oxidation number of oxygen inperoxo linkage = -1; oxidation 
number of other six atoms = -2 each. 

Here, in Fe 3 °4, oxidation number is the average of those in 
FeO and Fe203' 

FeO+ Fe203 Fe304 

Average oxidation number of Fe in 

Fe304 ::::: +2+ 2(+3)::::: + 8 
3 3 

7. Oxidation state of chromium in erOs: CrOs has 

butterfly structure having two peroxo bonds 
o 

0" II /0 . 
I /Cr "" I Peroxo oxygen has (-I) oxidation state. 

° ° -. 
Let oxidation state of chromium be ' x'. 

x+4(-I)+(-2) 0 

~..,.----_·_ .... ____ .~--±2.,~(=l2.):t_2x=2:::::~~_ ...... ___ m __ ~flonm--state-----6f ehlorine :in----bleaehing- .... . 
~ .". 

.. X = + 6 (oxidation number of sulphur) 

4. Oxidation number of sulphur in hypo, Na 2 S2 0 3: Let 

the average oxidation number of sulphur be ' x'. 

+2+2x-6=0 :. x=+.2. 

Structure of hypo may be drawn as--':' 

° + - 1': + 
NaS-S-ONa 

t 
° Here, the two sulphur atoms have different oxidation states: 

(i) Oxidation number of donor sulphur atom is +5. It gives 
up four electrons in' coordination and one electron in 
covalent bond formation with oxygen. 

(ii) Sulphur, bonded with Na, lies in -1 state since one 
electron of Na lies towards the sulphur. Electrons of 
S~S bond are equally shared between two sulphur 
atoms. 

Thus +5 and -1 are two oxidation states· of the two sulphur 
atoms. 

5. Oxidation number of sulphur in peroxo monosulphuric 
acid (H2 SOS ): Let us draw its structure. 

° i 
H-O-S-O-O-H 

t 
° Here, we have to consider Ox.no. ofH = + 1 

Ox.no. of oxygen in peroxo linkage = -1 

Ox. no. of rest of oxygen = - 2 

+ 2+x- 6-2= Oor x=+ 6 

Thus, sulphur in H2 S05 lies in + 6 oxidation state. 
6. Fe in its oxides, FeO, FC203 and Fe304: 

In FeO ~x-2 0,x=+2 

In Fe20 3 ~ 2x- 6 O,x= +3 

In Fe304 ~3x 8 0, x= +8/3 (fractional) 

powder: Bleaching powder has two chlorine atoms having 
different oxidation states. 

Ca 2+ (OCl)- CI-;;. 
(hypochloride ion) (chloride ion) 

Chlorine in Chlorine in 
'+hltate -I· state" 

9. Fractionalvalues of oxidation numbers are possible as in 
Na2S406' Fe30 4, N3H, etc. 

Na2S406 
2x 1+ 4x+ 6(-2)= 0 

2+4x-12=0 

4x= + 10 

·10 
x=+ =+2.5 

4 

Fe304 
3xx+4(-2) 0 

3x 8=0 

3x"" 8 

8 2 
x=+ or +2-

3 3 

Oxidation number of 

Sis + 2.5 

Oxidation number of iron 
. 22 
IS + -

NJH 
3x+ 1 0 

3x=~ 1 

x=-1I3 
Oxidation number of 

nitrogen is -113 

3 

10. Oxidation state of carbon and nitrogen in HCN and 
HNC: . We should take into consideration the fonowing 
fundamental aspects of bonding while counting the oxidation 
state of covalently bonded molecules: 

(a) Single covalent bond contributes one unit for oxidation 
number. 

(b) Negative oxidation number is assigned to more 
. electronegative atom and positive oxidation number to less 

electronegative atom. . 
(c) Coordinate bond is represented by an arrow from donor 

atom to acceptor atom. 

A B 
Donor Acceptor 



OXIDATION AND REDUCTION 747 

Ifdonor atom is less electronegative and acceptor is more, 
then + 2 state is given to donor and -2 state is given to acceptor. 

But it should be noted that if the donor is more electronegative 
than the acceptor, then contribution of coordinate bond for both 
atoms regarding oxidation state is neglected, e.g., 

(i) H-C= N 

+1+a-3==O 

a==+2 

Carbon is in +2 state and nitrogen is in - 3 state. Each bond 
contributes -I state to more electronegative atom. 

(ii) H-N= C 

Oxidation state of H == + I 

A 'd . ( + 6) + (4) + ( + 6) verage OXI anon state:::::: --'-----. 3 

18. C30 2 (Carbon sub-oxide): 
- 2 +2 0 +2 2 
O=C=C=C 0 

A 'd . +4 verage OXI atlOn state == - . 
3 

16 

3 

~if;lijl OXIDATION NUMBERS (States) IN 
DIFFERENT TYPES OF ELEMENTS 

Zero group elements have zero oxidation number (state) as they 
do not show chemical activity while other elements have at least 
two oxidation states: zero when they exist in free state and 

Oxidation state of nitrogen == (-1) + (-2) + (0) 3 positive or negative when they exist iri compounds. Many 

----Gevalent-bond with hydrogen contributes ( 1) and-c('}vaient elements show different oxi~ation states in diff~CQID),lQll?~S'mm 
---bond-witlw:ar,~tr-ibuteS-(=2+and-ther-e-is-zero-contributiOIl-----~;the. case of representatlve element~, the h1gh~§!. pos1t1ve 

of coordinate bond. Let the oxidation state of carbon be 'x'. oX1datlOn number (state) of an element 1S the same as Its group 

+1-3+x==0; x==+2 

11. Fe 0.94 0 (Oxidation state of iron is to be determined): 

0.94x- 2= 0 
-------~ . __ .- ----- -- .-- -

x == 21 0.94 == 200/94 

12. NH2 - NH2 (Oxidation state of nitrogen is to be 

determined): 

2x+4==0 

x==-2 

13. K.I 3 (Oxidation state of iodine is to be determined): 

+1+3x=0 

x==-113 
+1 -I 0 

KI 3 is mixture of K I and 12 , Thus, two iodine atoms lie in 

zero state and one lies in -1 state. 
14. Na2[Fe(CNlsNO]: In iron complex NO lies in NO+ 

state; thus oxidation state of 'Fe' may be detennined as: 

+2+x-5+1=0 

x==+2 

x+I+5(0)-2==0 

x=+ I 
16. NOCI or Cl- N = 0: 

Oxidation state of chlorine = - 1 

Oxidation state of oxygen == - 2 

Thus, Oxidation state of nitrogen 

17. Br30g (Tribromo octa-oxide): 
-2 

-2 0 -2 

-p~ +6 II +4 +6 ,f'~2 
O=Br-Br-Br=O 
-2,f' II %2 
o 0 0 

-2 

number while the highest negative oxidation state is equal to 
(8- group number) with negative sign with a few exceptions. 

(i) Alkali metals (IA) show uniformly + I oxidation state, as 
they have ns l configuration and have only a tendency to 
lose this electron. -

(ii) Alkaline earth metals (IIA) show a common oxidation 
state of +2 as they have ns2 configuration. 

(iii) Elements of group lIlA have ns2 npl outer shell 
configuration, suggesting + I and +3 oxidation states 
corresponding to use of np or ns np electrons. 

(iv) Elements of group IVA have ns2np2 outer shell 
configuration. They show oxidation states +4 (maximum) 
and - 4 (minimum). However, Sn and Pb show either +2 
or +4 oxidation states being metallic in nature. 

(v) VB elements have outer shell configuration ns2np' 3 . 

They show oxidation states between +5 and -3. 
(vi) The elements of VIA (with the exception of oxygen) 

show maximum oxidation state +6 and minimum· 
oxidation state -2. 

(vii) The elements of VIlA (with the exception of fluorine) 
show maximum +7 and minimum -1 oxidation state. 

(viii) Transition metals exhibit a large number of oxidation 
states due to involvement of (n - l)d electrons besides ns 
electrons.' 

The most common oxidation states of the representative 
elements are shown in the following table: 

Group Outer sheD . Common oudation nulDtiers 
cont1pration . (states} UtePt Zero In tree stite 

IA ns1 + 1 

IIA ns2 +2 
IIIA ninpl + 3, + 1 

IVA ns2np2 + 4,+ 3, + 2, + 1, 1, 2, 3, 4 

VA . ninp3 + 5,+ 3,+ 1, 1, 3 

VIA ninp4 + 6, + 4, + 2, 2 

VIlA ns2np5 + 7,+ 5,+ 3,+ 1,-1 
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~~4 VALENCY AND OXIDATION NUMBER 
Valency of an element means the power or capacity of the 
element to combine with other elements. The valency of an 
element is numerically equal to the number of hydrogen atoms or 
chlorine atoms or twice the number of oxygen atoms that 
combine with one atom of that element. It is also equal to the 
number of electrons lost or accepted or shared by the atom of an 
element. In every case valency of an element is a pure number 
and has no plus or minus sign associated with it; while oxidation 
number (state) is an arbitrary number which can have positive, 
negative, zero or even fractional value. For example, in the 
following compounds of carbon, the oxidation number varies 
from 4 to + 4 but valency of carbon is 4 in all the compounds: 

Compound CH4 CH3Cl CH2Cl2 CHCl3 CCl4 

Ox.no. of carbon 4 -2 0 +2 +4 

agent. Ox.no. of Cl changes from -1 to 0, i. e., increase in 
oxidation number. HCl is thus oxidised. It acts as a reducing 
agent. 

(b) SnCl 2 + 2FeCl 3 SnC1 4 + 2FeCi z 
Writing the oxidation numbers on various ·atoms, 

+2 1 +3-1 +4 1 +2 1 
SnClz + 2FeCl3 =SnCI4+ 2FeC12 

Ox.no. of Sn changes from +2 to i. e., increase in oxidation 
number. SnClz is thus oxidised or it acts as a reducing agent. 

Ox.no. of Fe changes from +3 to +2, i. e. ,decrease in oxidation 
number. FeCI 3 is thus reduced or it acts as an oxidising agent. 

(c) Mg + 2H + ----7 Mg2+ + H2 

Writing oxidation numbers of various atoms, 

Thus, valency and oxidation-nutii.bercoiic-e~pts-ar-e~d~iffi=e-r-en-t-'--. '::-In---~-----~I----'--D-ec-r-ease---l-r-~ ~ .. ----.. -.. 
:i;:----~-'---"o········-T 1 (T2>T-' ---.,0'------------

·some cases (mainly m the case of electrovalent compounus), J 

valency and oxidation. number are the same but in other cases rg + 2H + ----71fg 2+ + Hz 
they may have different values. Points of difference between the Increase 
two have been tabulated below: . 

,OXidation number 

1 .. · It is the ·combining·capacityof-the OltncCm inmn:1iarge(reiiim or 
element. No plus or minus sign is imaginary) present on the 
attached to it. . atom of the element when itis 

in combination. It may have 
plus or minus sign. 

2. Valency of an element is usually ·Ox .. no. of an element may 
fixed. have different values. It de­

pends on the nature of the 
compound in which iUs pres­
ent. 

3. Valency is always a whole number. Ox.no. of the element may be 
a whole number or fractional. 

4. Valency of the element is never Ox.no. of the element may be 
zero except of noble gases. zero. 

Term 

Oxidation 
Reduction 
·Oxidisinj! aMnt 
Reducing agent 

Increases 
Decreases 
Decreases 
Increases· 

,~1~X!lQ1ple12. In the following reactions, identify the 
species oxidised, the species reduced, the oxidising agent and the 
reducing agent: 

(a) 4HCI+Mn02 MnCl2 + 2H20+ C12· 
(b) SnCl2 + 2FeC13 = SnCl4 +2FeCI2 
(c) 2H + +Mg Mg2+ +Hz 
(d) H 2S04 + 2H2S = 3S + 3H20 
Solution: (a) Mn02 + 4HCl = MnCl 2 + Cl z + 2H20 

Writing the oxidation numbers on various atoms, 
+4 z +1-1 +2-1 0 +1-2 
Mn0z + 4HCI = MnClz + Cl 2 + 2H20 

Ox.no. of Mn changes from +4 to +2, i. e., decrease in 
oxidation number. Mn02 is thus reduced. It acts as an oxidising 

Mg is oxidised, i. e. ,it acts as a reducing agent. H + is reduced, 
i. e., it acts as an oxidising agent. 

(d) H2S03 + 2H2S = 3S + 3H20 

Writing oxidation numbers on various atoms, 

Increase 

+1.+4-2 +1-2 0 +1 -2 
H2S03 + 2H2S ----7 3S + 3H20 

I t 
Decrease 

H2S03 is reduced, i.e.,it acts as oxidising agent. HzS is 
Oxidised, i. e. , it acts as reducing agent. 

:i(:i;~~l!:xample 13. Which one of the followillg reactions is a 
redox reaction? 

(a) CUS04 + 4NH3 ----7[Cu(NH3 )4]S04 

(b ) Na2S04 :". BaCl2 ----7 BaS04 + 2NaCI 

(c) SOz + H 20 H 2S03 

(d) 2CUS04 +4Kl----7Cu21z +2KZS04 +12 

Solution: The reaction in which change in oxidation 
numbers of some of the· atoms takes place is termed as a redox 
reaction. 

+2+6-2 -3 +1 +2 -3-1 +6-2 
(a) CuS04 + 4NH3 [Cu(NH3 )4]S04 

No change in oxidation number of any ofthe atoms. 

+1 +6·2 +2 -I +2 +6-Z +1-1 
(b) NazS 0 4 + BaClz ----7 Ba S 04 + 2NaCI 

No change in oxidation number of anyone of the atoms. 

+4-2 +1 2 +1 +4-Z 

(c) S02 + HzO ----7 H2S 0 3 

No change in oxidation number of anyone of the atoms. 
+2+6-2 +1-1 +1 1 +1 +6-2 0 

(d)2CuS04 + 4KI ----7Cu zlz +2K2S04 +12 



OXIDATION AND REDUCTION 749---

Oxidation number of Cu decreases from +2 to +1 and 
oxidation number of iodine increases from -1 to O. 

Thus, out of the above four reactions, the reaction (d) is a 
redox reaction. 

~f~f··Ex:ample 14. Explain why HN03 acts only as oxidising 
agent while HNOz can act both as a reducing agent and an 
oxidising agent? 

Solution: Nitrogen can have oxidation numbers from -3 to 
+5. The oxidation nl1mber of nitrogen in RN03 is +5. Thus, 
increase in oxidation .number beyond +5 cannot occur. Hence, 
HN03 cannot act as reducing agent. The oxidation number of 
nitrogen in RN03 can only decrease; thus it acts as an oxidising 
agent. In RNOz• the oxidation number of nitrogen is +3. Thus, it 
can increase or decrease within the range -3 to +5. Hence, it can 
act as an oxidising as well as a reducing agent. 

o +2 

Cu~Cu(N03h 
+5 +4 

RN03 ~N02 

... (i) 

... (ii) 

Increase in Ox.no. of copper = 2 units per molecule Cu 

Decrease in Ox. no. of nitrogen = 1 unit per molecule HN03 

To make increase and decrease equal, eq. (ii) is multiplied by 2. 
Cu + 2HN03 ~ Cu(N03h + 2NOz + HzO 

Balancing nitrate ions, hydrogen and oxygen, the following 
equation is obtained: 

Cu + 4RN03 ~ Cu(N03h + 2NOz + 2H20 
This is the balanced equatiop. 

.-,.io···I_SOME SOLVED ExA \1····:· ~., ." •.•••• MPLES •••••. 

l~t~:'~lEi4mpie 16. Balance the following equation by oxidation 
number method: . 

)1~ J:3ALANCING OXIDATION-REDUCTION -K::zer20 7 + FeS04 +H2S~j~-ts04h 
. REAC1'IONS BY OXIDATIONMJMBER----- ~-K2S0-;;=rtt20 
METHOD Solution: Writing oxidation numbers of all the atoms. 

In a balanced redox reaction, total increase in oxidation number 
must be equal to the total decrease in oxidation number. This 
equivalep~e provi.des. th~ bllsis fQr . QalanciIlg reQWi._ J:e_llctiQtl~. _. 
This method is applicable to both molecular and ionic equations. 
The general procedure involves the following steps: 

(i) Write the skeleton equation (if not given, frame it) 
representing the chemical change. 

(ii) Assign oxidation numbers to the atoms in the equation 
and find out which atoms are undergoing oxidation and 
reduction. Write separate equations for the atoms 
undergoing oxidation and reduction. 

(iii) Find the change in oxidation number in each equation. 
Make the change equal in both the equations by multi­
plying with suitable integers. Add both the equations. 

(iv) Complete the balancing by inspection. First balance 
those substances which have undergone change in 
oxidation number and then other atoms except hydrogen 
and oxygen. Finally balance hydrogen and oxygen by 
putting Hz ° molecules wherever needed. 
The final balanced equation should be checkedto ensure 
that there are as many atoms of each element on the right 
as there are on the left. 

(v) In ionic equations the net charges on both sides of the 
equation must be exactly the same. Use H + ion/ions in 
acidic reactions and OH- ion/ions in basic reactions to 
balance the charge and number of ltydrogen and oxygen 
atoms. 

The following examples illustrate the above rules: 

Example 15. Balance the following equation by oxidation 
number method: 

.cu + HNOJ Cu(N03 )z + NOz + H 20 
Solution: Writing the oxidation numbers of all the atoms. 

o +1+5-Z 
Cu + RN03 

+Z+5-2 +4-2 +1-2 

Cu(N 0Jh + NOz + HzO 

Change in Ox.no. has occurred in copper and nitrogen. 

+2 +6 2 +2+6-Z +1 +6-2 +3 +6-2 +3 +6-2 

K z CrZ0 7 + FeS04 + H2S04 = Cr2 (S04 h + Fe2 (S04 h 
+1 +6-2 +1 -2 

+ K 2S04 + H20 

Change in Ox.no. has occurred in chromium and iron. 
+6 +3 

K2 Cr2 07 ~ Crz (S04 )3 ... (i) 
<: +2 +3 -

FeS04 ~ Fe2 (S04 h ... (ii) 
Decrease in Ox.no. of Cr per molecule 

= (2x 6- 2x 3)= 6units 

Increase in Ox. no. of Fe per molecule = 1 unit 
Hence, eq. (ii) should be multiplied by 6, 

K2Cr207 + 6FeS04 ~ Cr2 (S04h + 3Fez(S04h 
To balance sulphate ions and potassium ions, 7 molecules of 

H2S04 are needed. 
K2CrZ0 7 +6FeS04 +7H2S04 = CrZ(S04) 3 

+3Fez(S04h + K ZS04 
To balance hydrogen and oxygen,'7HzO should be added on 

RHS. Hence, balanced equation is, 
K2Cr207 +6FeS04 +7H2S04 = Cr2(S04) 3 

+ 3Fe2(S04h + K2S04 +7H20 

!FI~: lllxQmple 17. Balance the following equation by oxidation 
number method: 

K ZCrZ07 + HCI ~ KCI + CrCl3 + H zO + Clz 
Solution: Writing the oxidation numbers of all the atoms. 

. +1 +6 -2 +1-1 +1 -I +3 -1 +1 -2 0 

KZCrZ07 + HCI ~ KCI + CrCl3 + H20 + Cl2 

The Ox.no. of Cr has decreased while that of chlorine has 
increased. 

+6 +3 

K2 Cr2 07 ~2CrC13 
-I 0 
HCI~CI 

... (1) 

... (ii) 

Decrease in Ox.no. ofCr = 6 units per molecule K2CrZ0 7 
Increase in Ox. no. of CI = 1 unit per molecule HCl 



750 G. R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS 

Eq. (ii) is multiplied by 6. 
K2Cr207 + 6HCI ~ 2CrCl 3 + 3Cl2 

To balance chlorine and potassium, 14 molecules of HCI are 
required. 

K2Cr207 + 14HCI ~ 2CrCl 3 + 3Clz + 2KCI 
To balance hydrogen and oxygen, 7HzO are added to RHS. 

Hence, the balanced equation is, 
K 2CrZ0 7 + 14HCI 2KCI + 2CrCl 3 + 3Cl2 + 7HzO 

, Example 18. Balance the following equation by oxidation 
number method: 

Na103 + NaHS03 ~NaZS04 + NaHS04 +12 +HzO 
. Solution: Writing oxidation numbers of all the atoms. 

+1 +5-'2 +1 +1 +4-2 +1 +6-2 +I +1+6-2 0 +1-2 

NaI03 + NaHS03 ~NaZS04 + NaHS04 +I2+H2 0 

The no. of I has decreased while that of Shas 

____ .................. __ .... __ ..... _ ... _ ..... _t5. __ .. __ 0 __ .. ___ .. _ .... ___ ....... _ .. __ ... _. 

NaI03'~ I ... (i) 
+4' +6 

NaHS03 ~ NaHS04 ... (ii) 

Decrease in Ox.no. of! 5 units per molecule NaI03 
Increase in Ox: no. of S = 2 units per molecule NaHS03 

Eq. (i) is multiplied by 2 and eq. (ii) is multiplied by 5 as to 
make decrease and increase equal. 

2NaI03 +SNaHS03 +3NaHS04 + 2Na2S04 

To balance hydrogen and oxygen, one H20 molecule should 
be added on RHS. Hence, the balanced equation is 

2NaI03 +SNaHS03 -tI 2 +3NaHS04 + 2Na zS04 + H2 0 

Example 19. Balance thefollowing equation by oxidation 
number method: . 

12 + NaOH ~NaI03 +Na1 + H 20 
Solution: Writing oxidation numbers Of all the atoms, 

o +1-2+1 +1+5-2 +1 -I +1-2 

12 + NaOH~NaI03 NaI + H20 

The Ox.no. of iodine has increased as well as decreased. 
o 
I 

+5 
NaI03 

o -I 

... 0) 

I~ NaI ... (ii) 

Increase in Ox.no. of! S units per I atom 

Decrease in Ox. no. ofI = 1 unit perl atom 

Eq. (ii) should be multiplied by S as to make increase and 
decrease equal. 

31 2 ~ NaI03 + SNaI 

To balance Na, 6 molecules of NaOH should be added on 
LHS. 

31 2 + 6NaOH~NaI03 +SNaI 
To balance hydrogen and oxygen, 3H20 should be added on 

RHS. Hence, the balanced equation is 

312 +6NaOH~NaI03 +SNaI+jH10 

. i~':~'Example 20. Balance the following equation by oxidation 
number method: 

PbS +H20 2 ~PbS04 +H20 

Solution: Writing oxidation numbers of all the atoms, 
+2 -2 +1 -I +2+6-2 +1 -2 

. Pb S + H20 2 ~. PbS04 + H 20 

The oxidation number ofS has increased and 0 has decreased. 
-2 +6 

PbS~PbS04 
-I -2 

Hz02 ~H20 

Increase in Ox.no. of S 8 units per PbS molecule' 

Decrease in Ox.no. of 0 = 1 unit per I H20 2 molecule 
2 . 

molecule 

... (i) 

... (ii) 

Multiplyi!!g_till:...ilil.Qy 4 as to make increase and decrease 
equal. 

PbS + 4Hz02 ~ PbS04 + 4H20 

• This is the balanced equation. 

.;c";ji;xample 21. Balance the following equation by oxid~tion 
number method: '._--

Zn + HN03 ~ Zn(N03 h + NH 4N03 ,+ H 20 

Solution: Writing oxidation numbers of all the atoms, 
o +1+5-2 +2+ 5-2 -3+1 +5-2 +1-2 

Zn + HN03 ~ Zn(N03 h + NH4N03 + H2 ° 
The oxidation numbers of Zn and N have changed. 

o + 2 

Zn~Zn(N03h 

+5 -3' 

... (i) 

HN03 ~NH4N03 . ',' (ii) 

Increase in Ox. no. of Zn 2 units per Zn atom 

Decrease in· Ox. no. ofN ;::; 8 units per HNOJ molecule 
I 

Eq. (i) should be multiplied by 4 

AZn + HN03 ~ 4Zn(N03)z + NH4N03 
To balance nitrogen, 9 molecules of HN03 should be added· 

onLHS. 
To balance hydrogen and oxygen, 3H20 molecules should be 

added on RHS. Hence, the balanced equation is 

4Zn + lOHN03 4Zn(N03h + NH4N03 + 3H20 

"'.E:i.ample 22. Balance the follOWing equation by oxidation 
number method: 

HgS + HCI + HN03 

Solution: Writing the oxidation numbers of the atoms. 
+2-2 +1 -I +1+5-2 +1 +2 -I +2-2 0 +1-2 

HgS + Hel + HN03 ~ H2HgCl4 + NO + S + H20 

The oxidation numbers of Sand N have changed. 
-2 0 
HgS~S ". (i) 

+5 +2 
HN03 ~NO ... (ii) .. 
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Increase in Ox.no. ofS 2 units per HgS molecule 

Decrease in Ox. no. of N = 3 units per HN03 molecule 

Multiplying eq. (i) by 3 and eq. (ii) by 2 as to make increase 
and decrease equal 

3HgS + 2HN03 ~ 3S + 2NO 

Balancing Hg and chlorine, 

3HgS + 2HN03 + 12HCI ~3H2HgC14 + 3S + 2NO 

To balance hydrogen and oxygen, 4H20 molecules are added 
on RHS. Hence, the balanced equation is 

: Example 23. Balance thefol/owing equation by oxidation 
number method: . 

To balance SO~- ions, 24HzS04 molecules be added on LHS. 

lOAI + 6KMn04 + 24H2S04 -'-t5AI2(S04h" + 6MnS04 

+3K2S04 

To balance hydrogen and oxygen, 24 Hz ° molecules be added 
on RHS. Hence, the balanced equation is 

lOA! ..;: 6KMn04 + 24H2S04 ~5AI2(S04h + 6MnS04 

+ 3K2S04 + 24H20 

t1~:tO DISPROPORTIONATION AND 
OXIDATION-REDUCTION 

. . . ' . . One and the~ame§ub~tance IDJ'!Y.act s:imultane.uus.I.¥--as......aJ.LD __ _ 
- .. -------C1;i·~T03+-oH- ·IT04~+H2U---~~---~xidising agent and as a reducing agent with the result that a par=-t __ 
--.-... -.. --.... -.--------.... -.-.-~ .. ---.-- ------. '--of it gets oxidised to a higher state and rest of it is reduced to 

Solution: Writing oxidation numbers of all atoms, 
o +5-2 -2 H +7-2 -1 +l -2 

CI 2 + 103' + OW ~ 10:; +CI- +H2 0 

Oxidation numbers of CI and 1 have changed. 
o d 

Cl2 ~2Cl 

+5 +7 

103' ~ 10:; 

Decrease in Ox.no. of CI = 2 lInits per Cl2 molecule 

Increase in Ox. no. ofI 2 units perI03' molecule 

el 2 + lUi 10:;' +2Cl-

... (i) 

... (ii) 

To balance oxygen 20H ions beladded on LHS and one 
H2 0 molecule on RHS. Hence, the balanced equation is 

CI{ +103' + 20W ~IO:; + 2cr- + H20 

Example 24.' . Balance thefollowing equation by oxidation 
number method: 

Al+KMn04 +H2S04 ~AI2(S04h +K2S04 
+ MnS04 +H20 

Solution: Writing oxidation numbers of all atoms, 
o +1 +7 -2 +1 +6-2 +3 +6-2 +1' +6-2 

Al + KMn04 + H2S04 ~ Al2 (S04 h + K2S04 
+2 +6-2 +l-2 

+ MnS04 + H20 

The oxidation numbers of Al and Mn have changed 

, .. (i) 

+7 + 2 

KMn 0 4 ~ Mn S04 ... (ii) 

Increase in Ox.no. of Al 3 units per Al atom 

= 6 units per AI 2(S04)3 molecule 

Decrease in Ox. no. of Mn = 5 units per KMn04 molecule 

Multiply eq. (i) by 10 and eq. (ii) by 6 as to make increase and 
decrease equal 

lower state of oxidation. Such a reaction, in which a substance 
undergoes . simultaneous oxidation and reduction is called 
disproportionation and the substance is said to disproportionate. 

The following ate some of the examples of disproportionation: 

I Increase ... 
. 1 1 . 2 0 

. (a) H20 2 + H20 2 ~H20+ 02 
I Decrease t . 

Decrease ... 
. + 5 +7-1 

(b) 4KCI03 ~3KCI04 +KCI 
I Increase t . 

I . Decrease ... 
o +1 3 

(C) 4P+3NaOH+3H20~3NaH2P02 + PH3 I Tncrease t 

I Decrease ~ 
o HoI ~I +5 

(d) 3Clz + 6NaOH ~ SNaCI + NaCI03 + 3H20 . 

I 
(conc.) j 

. Increase _ 

(e) Oxidation state of chlorine lies between -1 to +7; thus 
out of CIO- , CIO; , CIOi , CIO:;; CIO:; does not undergo dispro­

portionation because in this oxidation state of chlorine is highest, 
i.e., +7. Disproportionation ofthe other oxoanions are: 

+1 -I +5 

3CIO-~ 2Cl + CIo3' 

+3 +5-1 

6CIO; ~ 4CI03' + 2CI-

+5 I +7 
4CIo3' ~ Cl- + 3CIO:; 

Equivalent mass of substance undergoing disproportionation 
can be calculated by n-factor method: 

I 
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Example: 

. Molecular mass 
EqUivalent mass = -----­

n-factor 

n xn 
n-factor = 1 Z 

n, +nz 

n = 2 (loss of two electron) 

+ 
+1 -3 +3 

3H3POz ~PH3+2H3P03 
I t 

n = 4 (gain offour electrons) 

4><2 4 
n-factor = --= -

4+2 3 
. . Molecular mass 

taken, it is observed that both are oxidised. This is induced 
oxidation. 

H,~~1?;i FORMAL CHARGE 
In polyatomic molecule or ion the net charge is possessed by the 
ion or molecule as a whole and not by particular atom: For certain 
purpose formal charge (F.C.) is assigned to each atom. 

Fonnal charge 
(F.e.) on an atom == 
in a Lewis struc-

Total number of Total number of 
valence electrons non-bonding 
in the free atom (lone pair) elec-. 

_____ Emuvalent masiLQ.Ll4N2--'=-· .. ... . 
n-factor· 

--.-.. --.-.~- .. - .. ~tur.e-..--··~~~· - ..... --.~).--... -.... --.--~-.-~.-trons-(N}-·~ ---

m 3m 

4/3 4 

"f'fm~ AUTOXIDATION 
Turpentine and numerous other unsaturated compounds, 
phosphorus and certain metals like Zn and Pb can absorb oxygen 
from the air in presence of water. The water is oxidised to 
hydrogen peroxide. This phenomenon of formation of H2 02 by 
the oxidation of H2 ° is known as autoxidation. The substance 
such as turpentine or phosphorus or lead which can activate the 
oxyg~n is called activator. The activator is supposed to first 
combine with oxygen to form an addition compound, which acts 
as an autoxidator and reacts with water or some other acceptor 
so as to oxidise the latter. For example: . 

Pb :+- 02 ~ Pb02 
(Activator) (Autoxidator) 

Pb02 + . H20 ~ PbO+H2 0 2 

Th . (Acceptor) d d h' h e turpentme or other unsaturate compoun s w IC act as 
activators are supposed to take-up oxygen molec.ule at the double 
bond position to form unstable' peroxide called moloxide, which 
then gives up the oxygen to water molecule or any other acceptor. 

RCH CHR+02~RHC CHR 
I I· 
0-0 

RHy yHR+2H20~RCH=CHR+2H202 

0-0 
2KI + H20 2 ~ 2KOH+I2 

The evolution of iodine from KI solution in presence of 
turpentine can be con.firmed with starch solution which turns 
blue. 

With this concept, the phenomenon of induced oxidation can 
also be explained. Na2S03 solution is oxidised by air but 
Na 3As03 solution is not oxidised by air. If mixture of both is 

····---1'otal-·number-of---· 
_ .!. x bonding (shared 

2 electrons)(B) 

The formal charge of atom in a polyatomic ion/molecule is 
defined as: 

F.C. =V NIB 
2 

The formal charge is the difference b!!tween the number of 
valence electrons in an isolated (i.e., free)- atom and the number 
of electrons assigned to that atom; in its dot structure. 

Let us calculate formal charge on each atom of ozone: 
Formal charge at oxygen number 1 

V 6,N 4,B=4 

F.C. =V -N -lB 
2 

6 4- l x4=O 
2 

~ormal cbarge at oxygen number 2 
V 6,N 2,B 6 

I 
F.C. =V N --B 

2 

=6 2 lx6=1 
2 

'Formal charge at oxygen number 3 
V=6,N=6,B 2 

F.C.=6-6- l x2 
·2 

On the basis of formal charge, the structure of ozone may be 
drawn as, 

.. .. iI-

:0/°'0:-... 
we must note that formal charges do not indicate real charge 
separation within the molecule. 
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. Fonnal charges help in the selection of the lowest energy 
structure from a number of possible Lewis structures for a 
compound. The lowest energy structure means the structure with 
the smallest formal charges on each atom of the compound. 
Formal charge is based on the concept that electron pairs are 
shared equally by neighbouring atoms. 
Note: (1) A Lewis dot structure for a molecule is preferable when all 

formal charges are zero. 
(2) In a dot structure adjacent formal charges should be zero 

or of opposite sign. 
(3) Among the several Lewis dot structure for same species, 

the structure with negative formal charges on more elec­
, tronega!ive'atom is preferted. 

Let us consider thiocyanate: 

Formal charges Total 

N C S 

Formal charge at hydrogen Dumber 4: 

V=O,N=O,B 2 

F.C. = V - N - ]. x B 
2 

1 
=0-0 -x2=-1 

2 

The, structure according to formal charge: 
H 
I 

H-N+-H-

I 
H 

'~~1~~1~. STOCK NOTATION 
---- • • • • _1 _1\ i\ , ----·StnictureT(!N;;;;;C;;;'s:r-· -=I---·--V-·····-U---- ··---r--------irrtbe-compounds"()f~Is,the-&1HdatialHlllmber~nteL--

• • • .-------by-tbe-Raman-aumeml,placOO.m-par.enthesis,.after.the.s¥JDbol of. 
Structure II (: C = N = S : r + 1 -2 0 -1 the metal in the molecular formula. For example: 

•• -1 -2 +2 -1 (i) Cu 2 0(Cuprousoxide, oxidation state of copper =+1); its 
Structure III (: C = S = N : r stock notation will be Cu 2 (1)0. 

Structure III will be correct structure because each atom has non-zero (U) CuO (Cupric oxide, oxidation state of copper == +2); its 
formalcharge·inthe lowest energy state. stock notation will be Cu(Il)O. 

Some illustrations offormal charge calculation: . Th~~iock notation i~·not-use(nn-caseorcoiiipolllidST·orffied-­
•• :F: 

1. •• I •• 
:F-CI-F: •• •••• •• 

Formal charge at chlorine: 

V=7,N=4,B=6 

F.C. =7-4-].x 6= 0 
2 

Formal charge at fluorine: 

g+ 
t 

V=7,N=6,B=2 
1 

F.C. = 7 - 6 - - x 2 = ° 
2 

2. H-N-H 
1 I 3 

H 
2 

Formal charge at nitrogen: 

V = 5, N = 0, B = 8 

F.C. 5 - 0 -]. x 8 = + 1 
2 

Formal charge at hydrogens 1,2,3: . 

V=l,N=O,B 2 

F.C. V - N -]. x B 
2 

1 
=1-0 -x2=0 

2 

by non-metals . 

Stock Notation of Some Compounds 

Formula of C 
"compolllYtf .,,~: 

Chloroauric acid 

Thallous oxide 

Ferrous oxide 

Ferric oxide 

Chromic oxide 

Cuprous iodide 

Mangnese oxide 

Mangnese di~xide 

Potassium dichromate 

Au (+3) 

1'1 (+1) 

Fe (+2) 

Fe (+3) 

Cr(+3) 

Cu (+1) 

Mn(+2) 

Mn(+4) 

Cr (+6) 

HAuCl4 
Tl20 

FeO 

F~03 

Cr20 3 

CuI 

MnO 

Mn02 

K 2Cr207 

K.Mn04 

V20 S 

FeS04 

Potassiumpermanganate Mn(+7) 

, 
F~(S04)3 

Vanadium pentoxide V (+5) 

Ferrous sulphate 

Ferric sulphate 

Cupric chloride 

Fe (+2) 

Fe (+3) 

. Cu(+2) 

HAu (III) Cl4 

1'12 (I) 0. 

Fe (II) ° 
F~ (III) 0 3 

Cr2 (Ill) 0 3 

Cu(I) 

Mn(II)O 

Mn (IV) O2 

. Kr Cr2 (VI) 07 

KMn (VII) 0 4 

~(V)Os 

F~ (II) S04 

F~ (III) (S04)3 

Cu (II) Cl2 

;JI;!1~1i4~ STOICHIOMETRY OF REDOX 
REACTIONS IN SOLUTIONS 

Calculations based on chemical equations are known as 
stoichiometry. A chemical equation is the symbolic 
representation of a chemical change. It gives the following 
informations used in solving the numerical problems based on a 
chemical equation: 
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(i) It gives the number of moles of· the reactants and the 
products involved in the reaction. . 

(ii) It gives relative masses of the reactants and products: 
(iii) It gives volume of the gaseous reactants and products. 
Problems based 'on chemical equations have also been dealt in 

Chapter-l. In this section, we will deal with redox reactions only. 
In the stoichiometry of redox reactions, the chemical equations 
must be balanced. 
lIf1iit_mple25. Balance the/ollowing chemical equation: 

H 20 2 +03 ~H20+02 

Indicating the changes in oxidation numbers 0/ oxygen, find the 
equivalent weight 0/H20 2 /or this reaction. (West Bengal 2005) 

I l 
-I 0 -2 0 

Solution: H20 2 + 0 3 ) H20 + O2 I Oxidised j 
Balanced equation wiU be: 

H20 2 +03 ~H20+202 

. Equivalent mass of H2 O2 = 34= 17 
2 

. SUMMARY,AND IMPORTANT POINTS TO REMEMBER ?JiIlIa" •• ,n,o •• ""s '. ," . ..... '.' ,'.' . ". ,. _,-",1""" 
___ ,~, .1~,~oJ\i£*,algi9Iic _UOl1lh,M4b~i~be~~a(:-tallta _ rodooiBg agent aM an oXidising agent is Mmed as redox 

pI:od:ucts ,involved ina ,chemical change are written inmo~ reaction~----------:-:-~----:--~----­
fonnsin the;~~e.mical.e.qw.#QJl,.iLjS.t~ed< as 'molecullll'Any material which is capable· of accepting electron or 
eqll8.;ti9n~.The,AleIlli~I,cltlWges WAen, rwreserited interms of electrons acts as an oxidising agent and the niaterialwhich loses 
ions which actually undergo reaction are called ipnic equations. electron or electrons acts as reducing agents.' . , 
The.ions which do not undergoariychimge and equal in nun:iber Loss of electrons 
in both reactantsan9 products are termed spectator ions and are ) Oxidation 

.notincludedinthefinalh.alanc.ed:.equations· , ,-' -,-,-' --- ----'---=e--e' - e -'~'e'~'=~ .'"' :...-~ '---:..'~ --=.e 
AgN03,+NaCI~AgCI+NaN03 (Molecular equation) , -' -\-. \-. -\-' -1-' -\-\-1-' -1-1-'-

(Ionic equation) 

··c,c,-'~·~"+· ~ ... ~ [NOf ;dN~ +TCi;~~";;;~pectator ions.] 

' .. 2. ".QuJlatJml..auul~dJletioD,:. ".o,q.~tion is a process. ~which 
invoives either of the following: 

(i) ad(lition of oxygen, 
(ii) removal of hydrogen, . 
(iii) . addition of an electronegative element or group, 
(iv) removal of an electropositive element or group, 
(v)ll;icrease iD:the val~ncy of 8Jl electropositive element, 

(vi) Joss,oLone.ormQre elecirons by an atom or an ion or a 
molecule. .. '. .. . 

Rediictioll is Just reverse of oxidation. It is a Process which 
involves either of the following: 

(i) removal of oxygen, 
(ii) .addition of hydrogen" 

.. ' (iii)' removal of ane1ootronegative element or group, 
(iv) addition of an electropositive element or firoup, 

, '(v)' . de~ease in -the valency of eletfroposifive' element, 
. '(ri).'igam'of one or more electrons by an atom or an ion or a 

molecule. 
A suhstance which undergoes oxidation or gets oxidised acts 

as a redueingagepf .. while., a substance. which unqerg~es 
reduction ot'getS reauce9 acis:as an oxidising agent. " 

All oxida:iRrt{~ffi:tuctiori reactionsate~ cOIllplimentary of Obe 
ano.ther. and occur simultaneously. Oxidation-reduction reaction 
is' termooredox reaction. The word "redox" inCludes 
~~d + ox; .red means reduction and ox means oxidation. In redox 

. reaction . one substance undergoes oxidation and the other 
'substance undergoes reduction,' i.e" the reaction between a 

-4 -3 
MM 

+e 

'-2 
.. M 

+e +e 

-1 
M 

.~. 0 +1 
M .M 

+2" +3 +4 
.M· M M 

+e +e +e +e +e 
Reduction ~(-..:.------~:..:..---:-.;;..,..-­

Gain of electrons 

3. Ion electron method for balancing redox reaction: The 
fOllowing steps are followed: 

(i) Ionic equation of redox reaction is ftrst written. 
(ii) The ionic reaction is split into two half reactions, one for 

oxidation and the other for reduction. 
(iii) Each half reaction is balaJ1ced fot.~e number of atoms of 

each element For this purpose: (a) Fitst of all atOms 
other than H and ° for each half reaction are balanced 

. using simple multiples. (b) In acidic and neutral 
mediums, H ions are added to the side deftcient in 
hydrogen and water molecules to the side deftcient in 
oxygen. (c) In alkaline medium,:for each excess of 
oxygen atom, one wllter molecule is added to the same 
side and two OH- ions to the other side. If hydrogen is 
still unbalanced, one mr ion is added for each excess of 
hydrogen on the same side and one water molecule to the 
other side. 

(iv) Electrons are added to the side deftcient in electrons as to 
equalise the charges on both sides of the half reactions. 

(v) Electrons are made equal in both the half reactions by . 
multiplying one or both the half reactions. by a suitable 
number. . 

(vi) Both the balanced halfreactions are added and any term 
coimnon to both sides is cancelled. . 

4. Oxidation number or oxidation state: It is defined as 
the' charge (real or imaginary)which an atom appears to have 
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(vii) For complt?Xjpns, tQe,ca~til>!lliJ, .. , ..... '. "".·~nn. f undergone cha'tige in o~aatiOli'~umbe'r mid 'tKen other 
all. the atoms. is-equal to-thenetcharge on the ion. atoms eX<;:flPt" .hydrogen- and. o~ygen; '.li'inaPy'ydrogen . 

(viii)' In'the case of neutral molecules,the~lgebiaicsilm of the . and oxygen are balanced .. 
oxidation' number!! of all the atoms present in the In ionic equations, the net charges on both sides are made 
molecules is zero. . equaL H+ ions in acidic reactions and blf- ions in basic 'reactions 

. Oxidation numbers .. are quitearb!trary. The. values .·may be . are. used to balance the charge and number of hydrogen and 
positive, negattve, zero anOeven:miCttonlJ,1. Many elements show-' --oxyg~" " . ,.,',.". . . .... .. '.'. ' ... 
different oxidation numbers in different compounds. In the case 7. ~utoxidatkm: . Certain materials such as' turpentine, 
of representative elements, the highest oxidation number of an olefmi(;: compoundS, phosphorus, metalsJikezincand lead, etc.; 
element is the same as itsgroupcnumberwhile-highcstnegativecan absorboxygeftfromthe air in prestmce ofwaterand thewa~r 
oxidation number is equal to (S':'group number) with negative is converted to hydrogen pero~de. This phenomenon of 
sign with a fewe,,-ceptions. fonnation ofH20 2 bYoxidation of HiO is :tcnown as 
IA elements +1 VA element$ -3 to +5 autoxidation. The material which absorbs oxygerl and; activates 
IIA elements +2 VIA elements. -2 to t6 it, is called the activator. The addition compound of activator 
lIlA elements +3, +1 VIlA elements -1 to +7 . and oxygen is termedautoxidator. This reacts with water or 
IVA elements -4 to +4 some other acceptor so as tooxi,4isethe latter, .,... 

The valency and oxidation number concepts are. different. In 8. J)isproportionadon: . O~eand the same subStaD.c~ may 
some cases ( elecirovalent compounds), valency and oxidation act siffiultaheou~lyasan oxidising agent an4a$a reduciilgagertt 
number are thes.ame but· in other cases they have different values. with the resultthat apart of it gets 6:icidised and'rest of it Is .ted-
Valency of an element is usUally flXedwlllIe oXIdation number uced. 'I'his natiJre~ofthecliangeistetmeddispropor11()natio~ 
may have different values. 

5. Oxidati~n and reduction in terms of cbange in 
oxidation numbers: Oxidation and reductipn are def'irted on 
the basis of change in oxidation number. 
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Questions 
1. Matrix-Match Type Qdestions (iii) 2SD:! + O2 ~ 2S03 

(iV) Ca + Cl2 ~ CaCl2 [A] Match the Column-I with Column-II: 

Column-I 
(Compound) 

(a) crOs 
(b) H2S04 

(e) Ca()CI2 

(d) (CH3 )2 SO· 

Column·I1 
(Oxidation state) 

(P) +6 

(q) +1 

(r) -1 
(s) 0 

(v) Sn 2+ + 2Hg2+ ~ Hg~+ + Sn4+ 

(vi) 2Cu 2+ + 4r ~ 2Cul + 12 

(vii) 2r + H20z ~ 201£" + 12 

(viii) S02 + 2H2S ~ 3S + 2H20 
(ix) S02 + 2HN03 ~ H2S04 + 2N02 

(x) S02 + Clz + 2H20 ~ 2HCI + H2S04 
[B] Match the Column-I with Column-II: 

Column-I Column-II 

3. Which substance/ion is oxidised and which substance/ion is 
reduced in the following reactions? 

(n~fl!-ctor for (i) PbS + 4H20z ~ PbS04 + 4HzO 
underlined species) (ii) H2S + 2FeCl3 ~ 2FeCl2 + 2HCI + S 

(Redox process) 

--.~ .. ----tat--As~ -4~; + SO! ... (P) 28 (iii) Mn02 + 4HCl ..... ) MnC12 + 2H20 ~2--"'~~-~"'---- . 

--·------(b) ~~ r + 10; 
-----··------~-(:iv}--SnCI2+-2FeeI3 l Snel;j-+-2FeeI2 

(q) 4/3 (v) 2MnO;; .+ 16H+ + 5C20~- ~ 2Mn2+ +8H20+ IOC02 
(c) H3P02 ~ PH3 + 2H3P03 

(d) H3P02 + NaOH ~ 

(r) 1 (vi) 3N2~ + 2BrO; ~ 3N2 + 2Br- + 6H20 

NaH2P02 + H20 

(s) 5/3 (vii) Cl2 + So;- + H20~ 2Cr + soi- + 2~ 
(viii) 2r + CIt ~ 2Cr + 12 

.. --[crMatclitl1eCoIiiimi~lwitli'ColiJiiiIi::U:- .... ---.---,- .~----- . 

Column-I 
(Compound) 

(a) Mg 3N2 

(b) NO 

(c) (N2Hs)2 S04 

(d) NH20H 

Column-II 
(Oxidation state of 

nitrogen) 

(P) -I 
(q)+2 

(r) -2 
(s) -3 

[D] Match the Column-I with Column-II: 

Column-I 
(Compound) 

(a) crOs . 

(b) Na2S20 3 

(c) H2SOS 

(d) H2S20 1 

Column-II 
(Oxidation state of) 

(p)Oxygen is-2 

(q) Oxygen is -1 

(rY Sulphur is +6 

. (s) Sulphur is +2 

[E] Match the Column-I with Col\lllln-II: 

Column-I 

(a) (NH4)2Cr201 ~ 

N2 + Cr20 3 + 4H20 

Column-II 

(P) Intermolecular redox 
reaction 

(b) PbD:! +H20 ~ PbO+ H20 2 (q) Disproportionation 

(c) Cr20 3 + 2Al ~ Al20 3 + 2Cr (r) Intramolecular redox 
reaction 

(d) CI2 + 20a- ~ (s) Metal displacement 

CIO- + cr + H20 

2. Indicate which of the substance/ion in the following reactions 
is an oxidising agent and which is a reducing agent? 

(i) 2FeCl3 + SnCl2 ~ 2FeCl2 + SnC14 
(ii' 2Mg + S02 ~ 2MgO+ S 

'-4; ····Arrangethefoltowing-in-the-urden:5f:---·--_· __ ····· 

(a) increasing oxidation number of iodine: 
12, HI, Hl04, ICI 

(b) increasing oxidation number of chlorine: 

CI2~' CI20, HCI, CI.l:'3, Cl2 
(c) increasing oxidation number of nitrogen: 

NH3, N3H, N20, NO, N20 S 
5. Find the oxidation number of: 

(i) I inKI03 
(ii) Pin NaH2P04 

(iii) P in P20~-

(iv) Fe in [Fe(CN) 6]4- . 

(v) Ni inlNi(CN)6]4-

(vi) S in H2S20s 
(vii)N in NO; 

(viii) Sin S2C12 
(ix) Pin Mg2P20 7 
(x) Cr in K2Cr20V 

(xi) Mn in MnO; 

(xii) Pt in [PtcI6f­
(xiii) Pin PH4+ 

(xiv) C in C12H2201l 
(xv) Fe in Na2[Fe(CN)sNO] 

(xvi) Cr in (NH4hCrZ07 
(xvii) V in Rb4Na[HVlO0 2S ] 

(xviii) Xe in BaXe06 . 
(xix) CI in Ca(CI02h 
·(xx) Niin Ni(CO)4 

(Ranchi (996) 
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6. (a) Which compound among the following has the lowest 
oxidation number ofMn? 
KMn04, K2Mn04, Mn02 and Mn20,3 

(b) Which compound among the following has the highest 
oxidation number of P? 
PH3, H3P02, PCI3, H3P04 

(c) Which compound among the following has the zero 
oxidation state of carbon? 
CH4, CH3Cl, CH2Cl2, CHCI3, CCl4 

(d) Which compound among the following has the lowest 
oxidation number of chlorine? 
HCI04, HOCl, ClF3, HCI03, HCl 

Short Answer Type _ 
7. Balance. the following equations by ion electron method: 

[Hint: Half reactions 
[Cd3 + 320H-~ CrO~- + 3104 + 16H20 + 27e] x2 

[H20 2 + 2e~ 20H-] x 27 

2Cd3 + 27H20 2 + 100H-~ 2CrO~- + 610~- + 32H20 ] 

(xiv) Mn04 + W + H20 2 ~ Mn 2+ + H20 + 02 

[Hint: Half reactions 

[Mn04 + SW + 5e ~ Mn 2+ + 4H20] x 2 

, [H20 2 ~ 2H+ + 02 + 2e] x5 

2Mn04 + 6H+ + 5H20 2 ~ 2Mn2+ + SH20 + 5°2 ] 

(xv) C2HsOH + 12 + OW ~ CHI3 + HCO; + r + H20 

[Hint: Half reactions 

[C2HjOH + ,%12 + 60H- --..; CHI3 + HCO; + 5H20 + 5e] x 2 
_____ d _____ l!l MnO:L.±.!,,~2+ ~ Mn 2+ + Fe3+ + H20 (acidic medium) 

- -----------------r--------
.. _ 2- - 2- [12 + 2e ~ 2r ] x 5 

----------- --- --(l1t-Mn044--Sn0f-+-H~-~Mn~+-Sn03+-elF----------- =-====================---
(alkaline medium) 2C2HjOH + SI2 + 120W ~ 2CHI3 + 2HCO; + lOr + lOH20 

(iii) Cu + NO; + SW ~ Cu(N03h + NO + H20 or C2HjOH + 412 + 60H-~ CHI3 + HCO; + 5r + 5H20 ] 

(acidic medium) 
(iv) Cl2 + 10; + mr ~ 104 + Cl- + H20 

--- -- --- --- (alkaline-medium) 
(v) 12 + NaOH ~ NaI03 + NaI + H20 (alkaline medium) 

(vi) Zn + NO; + mr ~ ZnO~- + NH3 + H20 
(alkaline medium) 

(vii) Cr(OHh + CIO- + mr ~ crO~- + cr + H20 

[Hint: Half reactions 
[Cr(OHh + 50H-~ crO~- + 4H20 + 3e] x 2 

[ClO- + H20 + 2e ~ Cl- + 20H-] x 3 

2Cr(OHh + 40H- + 3CIO-~ 2CrO~- + 30- + 5H20 ] 

(viii) AS2S3 + NO; + W + H20 ~ H3As04 + NO + S 

[Hint: Half reactions 
[AS2S3 + SH20 ~ 2H3As04 + 3S + lOH+ + 10e] x 3 

[NO; + 4H+ + 3e ~ NO + 2H20] x 10 

3As2S3 + 4H20 + lONO; + lOH+ ~ 6H3As04 + 9S + lONO ] 

(ix) Zn + W + NO; ~ Zn 2+ + NH.t + H20 

(x) P4 + mr + H20 ~ H2PO; + PH3 
[Hint: Half reactions 

[P4 + SOH-~ 4H2P02 + 4e] x 3 

P4 + 12H20 + 12e ~ 4PH3 + 120H-

4P4 + 120H- + 12H20 ~ 12H2PO; + 4PH3 

or P4 + 30H- + 3H20 ~ 3H2PO; + PH3 ] 

(xi) HgS + cr + W + NO; ~ HgCl~- + S + NO+ H20 

[Hint: Half reactions 
[HgS + 4Cr ~ HgCl~- + S + 2e] x 3 

[NO; + 4H+ + 3e ~ NO + 2H20] x 2 

3HgS + 12Cr + 2NO; + SH+ ~ 3HgC1~- + 3S + 2NO + 4H20] 

(xii) C02+ + NO; + W ~ C03+ + NO + H20 

(xiii) CrI3 + H20 2 + OW ~ crO~- + 104 + H20 

(xvi) Cr20~- + W + C20~- ~ Cr3+ + CO2 + H20 

(xvii) Ag + + AsH3 + H20 ~ H3As03 + W + Ag 

(xviii) Mn02 + OH- + 02 ~ MnO~- + H20 

[Hint: Half reactions 

[Mn02 + 40H-~ MnO~- + 2H20 + 2e] x 2 

02 + 2H20 + 4e ~ 40W 

2Mn02 + 40H- + 02 ~ 2MnO~- + 2H20 ] 

S. Balance the following equations by oxidation number method. 

(i) CO + Fe304 ~ FeO + CO2 
(ii) H20 2 + CI02 + OW ~ cr + 02 + H20 

(iii) Cr20~- + 1- + W ~ Cr3+ + 12 + H20 

(iv) Cr20~- + RN02 + W ~ Cr3+ + NO; + H20 

(v) KI + H2S04 ~ K2S04 + 12 + S02 + H20 

(vi) HgS + HCl + RN03 ~ H2Hgl4 + NO + S + H20 

(vii) [Fe(CN)6]3- +N2H4 +OW ~ [Fe(CN)6]4- +N2 + H20 

[Hint: Two half reactions 
+3 +2 

[Fe(CN};]l-~ [Fe(CN};] 4-

(change in Ox. no. per Fe atom = -I) 
-2 0 

N2H4~N2 
(change in Ox. no. per N atom = + 2) 

Total increase = 2 x (+2) = +4 

4[Fe(CN)6]l- + N2H4 ~ 4[Fe(CN)6t- + N2 

[4Fe(CN)6]l- + N2H4 + 40H-~ 4[Fe(CN)6t- + N2 + 4H20] 

(viii) MnO~- + W ~ Mn02 + Mn04 + H20 (lIT 1994) 
VI 2 N 

[Hint: Mn04- ~ Mn02 
VI VII 

[MnO~- ~ Mn04 ] x 2 

3MnO~- + 4H+ ~ 2Mn04 + Mn02 + 2H20] 
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(ix) RN03 + CU20 ---7 Cu(N03h + NO + H20 

(x) AuCI;; + Sn 2+ + W ---7 Sn 4+ + AuCl + HCI 

(xi) S + Olr ---7 S2- +s20i-

[Hiat: (decrease of 2) 
o 

2S ---7 ~oi- (increase of2 per S atom)] 

(xii) NaCl~ + KI + HCI ---7 NaCI + KCl + 12 + H20 

.4Cl03 + 4H+ ---74CI02 + 02 + 2H20 

'or 4KCI03 + 4H2S04 ---74KHS04 + 4CI02 + O2 + 2H20] 

(ix) Ag + KCN + 02 + H20 ---7 KAg(CNh + KOH 
[BiBt: [Ag + 2CN- ---7 [Ag(CNhr + e] x 4 

O2 + 2H20 + 4e ---7 40Ir ] 

(x) Ca(OClh + KI + HCl---7 CaCl2 + 12 + KCI + H20 
[Hint: OCI- + 2W + 2e ---7 cr + H20 

(xiii) PbCr04 + H2S04 + FeS04 ---7 Fe2(S04h + PbS04 2r ---712 + 2e 

+ Cr2(S04h + H20 ocr + 2H+ + 2r ~ cr + 12 + H20 

(xiv) As + RN03 ---7 H3As04 + N02 + H20 or 20Cr + 4s+ ---72Cr + 212 + 2H20] 

(xv) Fe2(S04h + H2S03 + H20 ---7 FeS04 + H2S04 10. Calculate the oxidation state of underlined: 

(xvi) C6H12
0

6 
+ H2S04 ---7 CO2 + S02 + H20 (a) Ba2 Xe02 (b) BaCl2 (c) C12H220 n (d) !F7 

1\ B 1 th fi 11' '. (e) Na2[Fe(CN)5NO] (f) Ru04 (g) K2 TaF7 (h) Na2Mo04 
;It. a ance e 0 owmg equations. (.) U 0 4- 0) C· d' d 

, 127 10 lamon, 
~----~~~:r~2 + C ) CaSl03 + P4 +-CO----~-'r._Glvelfi'e oXli:1ation state ofunderhned: 

--------·-'-.:...:ii)--PzR'!---+-P-H3-+-P4H2--------·---------·--------··--·-(~~Fe:;O--fI<\-caocr:;--rc)~NH:;lm------aJ _3 4 \V} 2 \" _ 4- 3 

[BiBt: 3 x [P2H4 + 2H+ + 2e ---7 2PH3] (d) ~H4.!:~l-02 (e) K02- (f) H2~Os 
2P2H4 ---7 P4H2 + 6H+ +6e (g) (CH3h~ (h) H2S2Qs (i) Na2S203 

----------~~~----~--~~ 
1 

(iii) Na2HAs03 +KBr03 + HCl---7 NaCl+ KBr + H3As04 
[1Iiat: [HAsO~- + H20 ---7 H~S04 + 2e] x 3 

BrO; + 6H+ + 6e ---7 Br- + 3H20 

+ BrO; + 6HT + 3H20 ~3H3As04 + Br- + 3H20 
or 3Na2HAs03 + KBr03 + 6HO ---73H3As04 + KBr + 6NaCl] 

(iv) FeS2 + 02 ---7 Fe20 3 + S02 
[Hint: Both iron and sulphur in FeS2 undergo a change in 
oxidation state. 

Increase .. 
+2-1. +3 +4 
Fe~ ----~) Fe+ 2S02 Total increase = 10 + 1 = 11 

. L-I __ ----:-----:----It 
Increase 5 x 2 =d 0 

o~ ---7 202
- . Total decrease = 2 x 2 = 4 1 

(v) As2SS + RN03 ---7 H3As04 + H2S04 + N02 + H20 

I Increase 5 x 8 =40 .1 
-2 +5 +6 +4 

[HiDt: . As2Ss +HN03 ----t H2SO4 + N02] 

.Decrease 1 x 1 == 1 . t 
. (vi) MnO + Pb02 + RNO] ---7 HMn04 + Pb(N03h + H20 
(vii) P + NaOH + H20 ---7 NaH2P02 + PH3 

[Hint: 
o 
p 

I 

Increase 1 x 1 = 1 • +1 -3 

. NaH2 P02 + fH3] 

Decrease 1 x 3 = 3 

(viii) KCI03 + H2S04 ---7 KHS04 + 02 + CI02 + H20 
[Hint: [CIOi + 2H+ + e---7 002 + H20] x 2 

2003 ---7 2CI02 + O2 + 2e 

(j) Na2 S40 6 (k) crOs (1) coSe04 

12. Balance the following equations by ion electron method: 
------{aYZ-ri+-Bi:04" +OIr +":zO ~ [Zn(OH}4f-+-Br~ 

(b) MnO~- + H20 MnO;; + OIr + Mn02 
(c) Fe(CN):- + W + Mn04" ---7 Fe3+ + CO2 + NOi + Mn 2+ 
(d) Cu 3P+Cr20~- ---7 Cu 2+ + H3P04 + Cr3+ (acid medium) 

(e) Hgz(CNh +Ce4+ ---7 coi- + NO; + Hg(OHh + Ce3+ 
(Dasic medium) 

(f) K3Fe(CN)6 + CrZ0 3 + KOH ---7 K4Fe(CN)6 + KZCr04 
+ H20 (basic medium) 

(g) NaZHAs03 + KBr03 + HCI ---7 NaCI + KBr + H3As04 

13. Calculate the oxidation state of vanadium in the following 
complex compound: Rb4Na[HVI00 2S ] 

14. (a) Arrange the following compounds in increasing order of 
oxidation number of manganese: 

MnClz• MnOz. KMn04• K2Mn04 
(b) Indicate valency and oxidation states of carbon in the 

following compounds: 
CH4• CH3CI. CH2CI2 • CHCI3, CCl4 

IS. Complete and balance the following compounds: 
(a) Acidic solution of Fe2+ ion gives a brown ring when it 

comes in contact with NOj ion. Complete the following 
reactions of this process: 
[Fe(HzO)d+ + NO~ + W ---7 ..... + [Fe(HzO)6]3+ + H20 

[Fe(H20)6] + ..... ---7 ..... + H20 

(b) Cas(P04)3F+HzS04+H20 ..... +5CaS·2H20 
+ ..... 

(c) Sn + 2KOH + 4H20---7 ..... + ..... {HT 19%) 

(d) AlBr3 + K2Cr207 + H3P04 ---7 K3P04 + AIP04 + : .... 
+ .. ; .. 

(e) K2Cr20 7 + HCl KCI + ..... + ..... + H20 (lIT 1992j 

(t) Ag+ + AsH3 ---7 H3As03 + H+ + .... . 

16. Arrange following ions in increasing order of oxidation 
number of sulphur: S40~-, HS-, HSO;;, S20~-, S20~- , soi-
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17. l}eterrnine equivalent weight of underlined species: 
. (a) NH4N03 ~ NzO + 3HzO 

(b) 3Mn0z + 6KOH + KCI03 ~ 3KzMn04 + KCI + 3H20 

(c) 2HS- + 4HSO; ~ 3S20~- + 3H20 

(d) 3Cl2 + 6NaOH ~ .5NaCI + NaCI03 + 3H20 

(e) K2Cr20 7 + 7HzS04 + 6FeS04 ~ K2S04 + Cr2(S04h 

+ 3Fe2(S04h +7H20 

18. Which of the following structures is accurate on the basis of 
fonnal charge? 
(a) H-C = N:; (b) H-N== C: 
[Hint: (a)H-C:=N: 

F.C. V N - 1 B 
1 2 

F.C. at 'H' = 1 0 - x 2 0 
2 

........... --.-.--.-.-.. -~ .... --.-.- ........ -
F.C. at 'C' = 4 - 0 - - x 8 0 .................... ·---··-;----.,·z-···-···· ._. 

1. [A](a-p);(b-p);(c q,r);(d-s) 

2. 

3. 

[B](a -p); (b - s); (c q); (d-r) 

[C](a-s);(b-q);(c s);(d p) 

[D] (a-p, q); (b p, s); (c p, q,r); (d-p, r) 

[E](a - r); (b - p); (c p, s); (d - q) 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

(vii) 

(viii) 

(ix) 

(x) 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

Oxidising agent 
FeCl3 

SOz 

°2 
Cl2 
Hgz+ 

euz+ 

HzOz 

S02 
HN03 

Cl2 

Oxidised 
PbS 

H2S 

HCI 

SnClz 

C20~-

Reducing agent 
Sn02 
Mg 

S02 
Ca 
Sn 2+ 

1-

r 
H2S 

S02 

S02 

Reduced 
H20 2 

FeCl3 
Mn°z 
FeCl3 

MnO:;: 

(vi) NzH4 BrOi 

(vii) SO~- Cl2 

(viii) r Cl2 

4. (a) HI(-1), 12(0), ICI(+ 1), HI04(+ 7) 

(b) HCI(-1), CI2(O), ClzO(+ 1), ClF3(+ 3), CIZO? (+ 7) 

(c) NH3(- 3), N3H(-1/3), NzO(+ 1), NO(+ 2), N20s(+ 5). 

5. (i) + 5 (ii) + 5 (iii) + 5 (iv) + 2 (v) + 2 '(vi) + 6 
(one peroxo linkage is present) (vii) + 5 (viii) + I 

F.C. at 'N' = 5 - 2 - I x 6 = 0 
2 

(b)H-N=C: 

F.C. at 'H' = I - 0 - 1 x 2 = 0 
2 
1 

F.C. at 'N' == 5 -·0 - x 8 = + 1 
2 

; 1 
F.C. at 'c' = 4 - 2 - x 6 = -} 

2 
Structure (a) having zero fonnal charges at each atom will be 
accurate. ]' 

19. On the basis of formal charge select the most plausible 
structure: 
(a) H2NOH or H20NH (b) SCW or CNS- or CSW· .. 
(c) [ :N = N=N:]- or[:N - N== N:]­

..... _(d) Noel or ONCr·-· .. --·····----· 
._ ... _-_ .... -

(ix) + 5 (x). + 6 (xi) + 7 (xii) + 4 (xiii) -3 (xiv) 
o (iero)(xv} :D(xvl}+ ·li·(xvii) +:S-(xvIlir+ -If(xIX) +3 (;-x"x),----
o (zero). 

6. (a) Mn 20 3 (b) H3P04 (c) CH2Cl2 (d) HCl. 

7. (i) MnO:;: + 5Fe2+ + 8W ~ Mn 2+ + 5Fe3+ + 4H20 

(ii) 2MnO:;: + 3SnOt + H20 ~ 2Mn02 + 3SnO~- + 20W 
(iii) 3Cu + 2NOi + 8W ~ 3Cu 2+ + 2NO + 4HzO . 

(iv) Cl2 + 10i + 20W ~-104 + 2cr + H20 

(v) 312 + 6NaOH ~ NaI03 + 5Na! + 3H20 

(vi) 4Zn + NOi + 70W --4 4ZnO~- + NH3 + 2H20 

(ix) 4Zn + NOi + lOW ~ 4Zn 2+ + NHt + 3HzO 

(xii) C02+ + NO; + 2W ~ C03+ + NO + H20 

(xvi) Cr20~- + 14W + 3C20~- ~ 2Cr3+ + 7H20 + 6C02 

(xvii) AsH3 + 3H:;tO + 6Ag+ ~ H3As03 + 6W + 6Ag 

8. (i) CO + Fe304 ~ 3FeO + CO2 
(ii) 5H20 2 + 2CI02 + 20Ir ~ 2Cr +.502 + 6H20 

(iii) Cr20~- + 6r + 14W ~ 2Cr3+ + 312 + 7li20 

(iv) Cr20~- + 3HN02 + 5W ~ 2Cr3+ + 3NOi + 4H20 

(v) 2KI + 2H2S04 ~ K2S04 + 12 + S02 + 2H20 
(vi) 3HgS + 12HCl + 2HN03 ~ 3H2HgCl4 + 2NO + 3S 

+4H20 
(ix) 3CU20+14HN03 ~6Cu(N03h +2NO+7H20 
(x) AuCI:;: + Sn2+ +3W ~AuO + Sn4+ +3HCI 

(xi) 4S + 60W ~ 2S2- + S20~- + 3H20 

(xii) NaCI03 + 6KI + 6HCI ~ NaCI + 6KCI + 312 + 3H20 
(xiii) 2PbCr04 + 6FeS04 + 8H2S04 ~ 2PbS04 + Cr2(S04h 

+ 3Fe2(S04h + 8H20 
(xiv) As + 5HN03 ~ H3As04 + 5N02 + HzO 

(xv) Fe2(S04h + H2S03 + HzO ~ 2FeS04 + 2H2~04 
(xvi) C6HI20 6 + 12HzS04 ~ 6C02 + 12S02 + 18HzO 

9. (i) 2Ca3(P04h 4- 6Si02 + lOC.~ 6CaSi03 + P4 + lOCO 

(iv) 4FeS2 + 1102 ~ 2Fe203 + 8S02 
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(v) As2SS + 40HN03 ----+ 5H2S04 + 2H3As04 + 40N02 
+ 12H20 

(vi) 2MnO + 5Pb02 + lOHN03 ----+ 2HMn04 + 5Pb(N03h 
+4H20 

--!e'OBlEC lIVE QUESTIONS 
. . . 
5&t':':1 : Questions with single correct answer 

1. Oxidation is defined as: 

(vii) 4P +3NaOH + 3~0 ----+ 3NaH2P02 + PH3 

Ox) 4Ag + 8KCN + 02 + 2H20 ----+ 4KAg(CNh + 4KOH 

(X) Ca(OClh + 4KI+4HCI----+CaCI2 +4KCI+212 +2HP 
10. (a) 0 (b) + 2 (c) 0 (d) +7 (e)3 (f)+8 (g) +5(h) + 2 (i) +5 (j) 0 ........ ~ 
12. Which of the following is not a redox change? 

(a) 2H2S + S02 = 2H20 + 3S 

(b) 2BaO + 02 = 2Ba02 

( a) loss of electrons (b) gain of electrons (c) Ba02 + H2S04 = BaS04 + H20 2 
( c) gain of protons (d) loss of protons (d) .2KCI03 = 2KCI + 302 

2. A reducing agent is a substance whiCh can: 13. The conversion ofK2Cr2~ into Cr2(S04h is a process of: 
'---~'-~~\a) accePt electrons (0) lIon1lteetectrons-- --.~------ (a) oxuJafion '-W reduchon 
----·-·---(c)--accepr-protons--:----(d)--donate-protong------·-----(c)aecomposlti~----(QJsUbstiliilion 

. 3. A redox reaction is: . 14 •. In the reaction,2Na2S203 + 12 = Na2S406 + 2NaI, 12 acts as: 

, . ~ .. 

(a) proton transfer reaction (b) ion combination reaction ( a) reducing agent 
(c) a reaction in solution (d) electron transfer reaction (b) oxidising agent 

. 4. Which of the following is not a redox reaction? (c) oxidising as well as reducing agent 
(a) J3umingofcandle ___.(b).Rusting_ofkon. -- - . - . (d) .none·of.the·above· 
(c) Dissolving a salt in water (d) DissOlving Zn in dil. H2S04 15. The most common oxidation state of oxygen is -2. This is best 

5. The reaction, H2S + H20 2 = S + 2H20 manifests: explained as due to: 
(a) oxidising action bfH20 2 (b) reducing nature ofH20 2 (a) 2 electrons in the outermost shell 
(c) acidic nature ofH20i (d) alkaline nature ofH20 2 (b) 4 electrons in the outermost shell 

6. The oxidation number of Fe in K4Fe(CN)6 is: (c) 6 electrons in the outermost shell 
(CBSE ] 993; KCET 2008) (d) 8 electrons in the outermost shell 

(a) + 6 (b) + 4 (c) + 3 (d) + 2 16. Select the compound in which chlorine shows oxidation state 
7. In Ni(CO)4, the oxidation state ofNi is: + 7: 

(a) A (b) zero . (c) 2 (d) 8 (a) HCI04 (b) HCI03 (c) HCI02 (d) HCIO 
8. Pick the group which does not contain a neutral oxide: 17. Which one of the following is a reducing agent? 

(lSAT 20.10) (a) Ozone (b) Chlorine (c) FeCl3 (d) Na2S03 
(a) N02,P4~O' Al20 3, NO (b) MgO, N20 S ' S03' N20 18. The oxidation number of nitrogen in NH20His: 
(c)C02,S03,CaO, Xe03 (d) CO,Si02,Sn02,Na203 (a) zero (b) +1 (c) -1 (d)-2 

9. Magnesilim reacts with acids producing hydrogen and 19. HBr and HI reduce sulphuric acid. HCl can reduce KMn04 
corresponding magnesium salts. In such reactions Mg and HF can reduce: 
undergoes: (a) H2S04 (b) KMn04 
(a) reduction (c) K2Cr207 (d) none of these . 
(b) oxidation 20. One mole of N2H4 loses 10 moles of electrons to form a new 
(c) neither oxidation nor reduction compound Y. Assuming that all nitrogen appear in the new 
(d) simple dissolution compound, what is the oxidation state of nitrogen? (There is 

10. When P reacts with caustic soda, the products are PH3 and no change in the 'Oxidation state of hydrogen.) 
NaH2P02. The reaction is an example of: (a) -I (b) -3 (c) +3 (d) +S 
(a) oxidation 21. The brown ring complex compound is formulated as 
(b) reduction [Fe(H20MNO)]S04' The oxidation state of iron is: 

(C'ET Karmiiai.:a ( c) both oxidation and reduction 
(d) neutralisation (a) + I (b) +2 (c) ;-3 (d) zero 

11. Which of the following reactions is not a redox reaction? 22. A solution of sodium metal in liquid ammonia is strongly 
[PET (Raj.) 20081 reducing due to the presence of: 

(a) sodium atoms (b) sodium hydroxide (a) Ag+ + cr ----+ AgCl 

(b) Zn(s) + eu 2+(aq.) ----+ Zn 2 +(aq.) + Cri(s) 

(c) 2Mg(s)+ 02(g) ----+ 2MgO 
(d) FeO+ C ----+Fe+ CO 

(c) sodium amide (d) solvated electrons 
23. In which of the following compounds, iron has an oxidation 

state of + 3? 2009) 
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(a) Fe(N03h 37. In a reaction, the oxidation number of an element becomes 
(b) FeCzO 4 zero from -I. It is a case of: 
(e) [Fe(H20)61CI3 (a) oxidation 
(d) (NH4hS04 . FeS04 . 6Hz ° (b) reduction 

24. When KMn04 is reduced with oxalic acid in acidic solution, (c) neitber oxidation nor reduction 
tbe oxidation number of Mn chang.es from: (d) both oxidation and reduction 
(a) 7t02 (b) 7to4 (c) 7t06 (d) 6t02 38. CI2+H2S ~ 2HCI+S, 

25. In whicb of the following reactions the underlined substance is In tbe above reaction, oxidation state of cblorine cbanges 
oxidised? from: WET (Ran 20081 
(a) 3Mg + Nz + Mg3N2 (b) 2KI + Br2 = 2KBr + 12 (a) zero to -I (b) I to zero 
(c) CuO + H2 Cu + H20 (d) CO + Clz = COCl2 (c) zero to 1 (d) remains uncbanged 

26. Of the following elements, wbicb one bas the same oxidation 39. During electrolysis tbe reaction at anode is: 
state in all of its compounds? (a) oxidation (b) reduction 
(a) Hydrogen (b) Fluorine (c) Carbon (d) Oxygen (c) decomposition (d) none of these 

27. When tin(IV) cbloride is treated witb excess of conc. . 40. Which of the following is a mild oxidising agent? 
hydrochloric acid, the complex ion (SnCI6)z- is formed. The (a) Ag20 (b) KMn04 (c) KZCr20 7 (d) Cl2 

__ ~. ____ ~_.?~idation state of tin in this c~mplex ion is: -~ -- -._-u: The common oXidation state of alkali metals in the comm-ned 
--------·---~-~----_st:ate_OC_----------

(a) +4 (b) zero (c) -2 (d) -4 . 

28. In tbe following reaction, 

29. 

30. 

31. 

32. 

3Brz + 6CO~- + 3H20 == SBr- + BrOi + 6HCOi 

IPMT(MP) 1997] 
(a) bromine is oxidised,carbonate is reduced 

. (b)- bromine is rect~ced,carbOnate isoxi<iisecl 
(c) bromine is neither reduced nor oxidised 
(d) bromine is reduced as well as oxidised 

If an element is in its lowest oxidation state; under proper 
conditions, it can act as: 
(a) a reducing agent 
(b) an oxidising agent 
(c) oxidising as well as reducing agent 
(d) neither oxidising nor reducing agent 
The oxidation state of phosphorus varies from: 
(a)-lto+l (b)-3to+3 
(c)-3to+5 (d)-StoH 
In which of the fullowing reactions no change in valency occurs? 
(a) SOz + 2H2S ~ 3S + 2H20 
(b) 2Na+Oz~Na20Z 
(c) Clz+2NaOH~NaCIO+NaCl+HzO 
(d) AgN03 + KCI ~ AgCl + KN03 

When SoZ is passed through an acidified solution of KZCrZ0 7, 

then chromium sulpbate is formed. Cbange in oxidation state 
ofCr is from: (KCET 2008) 

(a) +4 to +2 (b) +6 to +3 
(c) +7 to +2 (d) +5 to +3 

33. In a reaction, 
2Ag + 2HzS04 ~ Ag2S04 + HzO + SOz, HZS04 acts as: 

(a) reducing agent (b) oxidising agent 
(c) debydrate (d) none oftbese 

34. Oxidation number of iodine varies from: 
(a) -I to + I (b) -I to +7 (c) +3 to +5 (d) -I to +5 

35. Oxidation number of fluorine in FzO is: 
(a) H (b) +2 (c) -I (d) -2 

36. In the compounds KMn04 and K2CrZ07, the bighest oxidation 

state is of the element: 

(a) potassium (b) cbromium(c) oxygen (d) manganese 

(a) +1 (b) +2 (c) -I (d) -2 
42. Carbon is in bighest oxidation state in: 

(a) CH3CI (b) CCI4 (c) CHCI3 (d) CHzClz 
43. The oxidation number and covalency of sulphur in Ss is: 

.(a). :+2,0. {bJ_.O, 2_. ._ .. {c)_O,_K __ . __ ($lL6 •. L .. _ . ____ . 

44. Addition of iron or zinc to copper sulpbate 
precipitation of copper owing to the: 

(a) reduction ofCuz+ (b) oxidation ofCuz+ 

(c) hydrolysis ofCuS04 (d) ionisation ofCuS04 

45. In a reaction, 
HZO(steam) + C (glowing) = CO + Hz 

(a) HzO is the reducing agent 
(b) HzO is the oxidising agent 
(c) carbon is the oxidising agent 
(d) oxidation-reduction does not occur' 

causes 

46. The oxidation numbers of C in CH4• CH3CI, CHzClz, CHCI3 
and CCl4 are respectively: 
(a) + 4, + 2, 0, -2,-4 
(c) -4, -2, 0, + 2, + 4 

(b) + 2, + 4; 0, -4,-2 
(d) -2,-4,0,+4,+2 

47. Which of the following statements is co~ect? 
(a) Oxidation of a substance is followed by reduction of 

another 
(b) Reduction of a substance is followed by oxidation of another 
(c) Oxidation and reduction are complementary reactions 
(d) It is not necessary that both oxidation and reduction 

should take place in the same reaction 

48. Reduction never involves: 

(a) gain of electrons 
(b) decrease in oxidation number 
(c) loss of electrons 
(d) decrease in valency of electropositive component 

49. In which of the following reactions bas the underlined 
substance been reduced? 

(a) Carbon 'monoxide + copper oxide ~ carbon dioxide 
+ copper 

(b) Copper oxide + hydrochloric acid ~ copper cbloride 
+ water 
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(c) Hydrogen + iron oxide ~ iron + water 

(d) Steam + iron ~ iron oxide + hydrogen 

50. In which of the following reactions, the underlined element 
has decreased its oxidation number during the reaction? 

Ca) Fe + CuS04 ~ Cu + FeS04 

(b) Hz + Clz ~ 2HO 

(c) !;; + HzO~ CO+ Hz 

(d) MnOz + 4HCI ~ MnCI2 + Cl2 + 2H20 

51. If three· electrons are lost by a metal ion, M 3+, its final 
oxidation riumber would be: 
(a) zero 
(c) + 2 

(b) + 6 
(d) + 4 

52. Select the compound in which chlorine is assigned the 
oxidation number +5: 

(a) It is a redox reaction 
(b) Metallic iron is a reducing agent 

(c) Fe3+ is an oxidising agent 

(d) Metallic iron is reduced to Fez+ 
64. Which of the following halide ions is easiest to oxidise? 

(a) F - (b) cr (c) Br- (d) I 
65. In the reaction of sodium thiosulphate with Iz in aqueous 

medium the equivalent weight of sodium thiosulphate is equal 
to: [JEE (Wa) 20101 
(a) molar mass of sodium thiosulphate 
(b) the average molar masses of NaZSZ0 3 and 12 
(c) half the molar mass of sodium thiosulphate 
(d) twice of molar mass of sodium thiosulphate 

66. The oxidation number of chlorine in HOCI is: 
(a) -I (b) zero (c) + 1 (d) + 2 

~---ia) HCI04 (b) IlCl~(e1 HC1Oj---idHi€t 
------53.-In-the-alumino-theflflie-pr-eeess-,aluminium-aets-as-: 

---------61 • ..:ln..th~ction._.CJr+ OIL ===7 ct=.-.+-ClO4-+-lIzO"Cb.IQrille----­
is: 

(a) an oxidising agent (b) a flux 
(c) a reducing agent (d) a solder 

54. The strongest reducing agent is: 

(a) K (b) Ca (c) Al (d) Zn 
55. In the reaetion; :Zn+H2S04-~-:ZnS04-+H2; :Zn un,<iergoes: 

(a) ~iidation (b) reduction 
( c) simple dissolution (d) double decomposition 

56. Phosphorus has the oxidation state of +3 in: 
(a) ortho phosphoric acid (b) phosphorus acid 
(c) meta phosphoric acid (d) pyrophosphoric acid 

57. Oxidation number of P in PO!- , of S ill SO~- and that of Cr in 

CrzO~- are respectively: 

(a) -3, +6 and +6 
(c) +3, +6 and +5 

ICBSE (PMT) 20091 
(b) +5, +6 and +6 

. (d) -+:5, +3 and +6 

58. The conve~ionofPbO into Pb(N03hinvolves: 

(a) oxidation, 
(b) reduction 
(c) neither oxidation nor reduction 
(d) both oxidation and reduction 

59. The highest state OfMn is shown in: 

(a) KZMn04 G» KMn04 (c) Mil02 
60. In which one of the following changes, there is transfer of five 

electrons? 

(a) MnQi ~ Mn 2+ 

(c) Mn04 ~ Mn02 

(b) crO~- ~ Cr3+ 

(d) Cr20~- ~ 2Cr3t 

61. The oxidation number of phosphorus in Ba(H2P02h is: 
(HTI990) 

(a) + 3 (b) + 2 (c) + 1 (d) -I 
62. The oxidation state of the mOst electronegative element in the 

products of the reaction betweehBa02 and H2S04 are: 
(liT 1991) 

(a) 0 and-I (b) -land-2 
(-c)-;-2 and 0 (d) -2 and + 1 

63. In the reaction, 4Fe -+: 302'~ 4Fe3+ + 602- which of the 
following statements is incorrect? (MLNR 1991) 

(al oxidised 
(bj reduced 
(c) oxidised as well as reduced 
(d) neither oxidised nor reduced 

68. The oxidation number of arsenic atom in H3As04 is: 
(ar -1 '-~(br=3-----~lcF+)'-- ----(dr+-3 

69. In which of the following reactions, hydrogen is acting as an 
oxidising agent?, 
(-a) With iodine to give hydrogen iodide 
(b) With lithium to give lithium hydride 
(c) With nitrogen to give ammonia 
(d) With sulphur to give hydrogen sulphide 

70. In acid medium, the reaction, MnO:; ~ Mn 2+ is: 
(a) . oxidation by 3 electrons (b). reduction by 3 electrons 
(c) oxidation by 5. electrons (d) reduction by 5 electrons 

71. For the redox reaction, 
MnO:; + C20~- + H+ ~ Mn2+ + CO2 + H20 

the correct coefficients of the reactants for the balanced 
equation are: (lIT 1992) 

MnO:; C2~- H+ 

(a) 2 5 16 
(b) 16 52 

(c) 5 16 2 
(d) 2 . 16 5 . 

72. The oxidation number ofPt in [Pt(C2H4)CI3r is: 

(MLNR 1993) 
(a) + 1 (b) + 2 (c) + 3 (d) + 4 

73. Oxidation numberofP in Mg2P207 is: 

(a) + 3 (b) + 2 (c) + 5 (d) -3 

74~ The oxidation number of phosphorus in po~-, P4Dto and 

P2oj- is: 

(a) + 5 (b) +3 (c) -3 
(CPMT 1992) 

(d) + 2 

75. The oxidation state of Cr inK2Cr207 is: 

ICEf'; (Bihar) 1992; AFMC 1993] 
(a) + 7 (b) + 6 (c) + 3 (d) + 2 

76. Bromine reacts with hot aqueous alkali to give bromide and 
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bromate. What is the change that is brought about in oxidation 
state of bromine to bromate? 
(a) -Ito + 5 (b) 0 to + 5 
(c) -I to + 7 (d) None of these 

77. Which one of the following leads to redox reaction? 
(a) AgN03 + HCI (b) KOH + HCI 
(c) KI + Cl2 (d) NH3 + Hel 

78. Oxidation number of'S' in Na2S406 is: 
(a) + 0.5 (b) 2.5 (c) + 4 (d) + 6 

79. Which one of the following is not a redox reaction? 

(a) CaC03 -----t CaO + CO2 
(b) 2H2 + O2 -----t 2H20 

1 
(c) Na + H20 -----t NaOH + - H2 

2 

(!\HMS ~993) 

1 -------- ---(.d)-MnC13-- )-MnC~-*-i4. -- . ___________ ~--u-
--------iif.-The oxidation number ofnitrogen-lii}~;o~ is:-----------

(a) -I (b) + 2 (c) + 3 (d) + 5 
81. Oxygen has an oxidation s.tate of + 2 in: 

(a) H20 2 (b) OF2 (c) S02 (d) H20. 
82. When iron is rusted, it is: 

(a)oxidised (b) reduced 
(c) evaporated (d) decomposed 

83. An element, which never has a positive oxidation state in any 
of its compounds, is: 
(a) boron (b) oxygen 
(c) chlorine (d) fluorine 

84. Starch iodide paper is used to test for the presence of : 
(a) iodine (b) iodide ion 
(c) oxidising agent (d) . reducing agent 

85. Which of the acid possesses oxidising, reducing and. complex 
forming properties? 
(a) HN03 (b) H2S04 (c) HCI (d) HN02 

86. Which substance is serving as a reducing agent in the 
following reaction? 
14H + + Cr20~- + 3Ni -----t 2Cr3

+ + 7H20 + 3Ni2+ 

(b) Ni 

87. The oxidation state of iodine i~ H4IO;; is: 
(a) +7 (b) -I (c) + 5 (d) +1 

88. Oxidation number ofN in~N03 is: j?MT (Raj.) 
(a) -3 (b) + 5 (c) -3 and +5 (d) +3 and-5 

89. The element, which shows minimum oxidation number in its 
compounds, is: 
(a) Fe (b) Mn (c) Ca (d) K. 

90. In which of the following compounds, the oxidation number 
of iodine is fractional? WET (Raj,) 19921 

(a) IF? (b) I i (c) IF5 (d) IF3 

91. The missing term in the following equation is: 

2Fe3+ + Sn2+ ~ 2Fe2+ + ... 

(a) Sn 4+ 

92. A compound contains atoms A, Band C. The oxidation 

number of A is + 2, of B is + 5 and of C is -2. The possible 
formula of the compound is: 

(a) ABC2 (b) B2(AC3 h 
(c) A3(BC4 )2 (d) A3(B4C h 

93. The correct set of oxidation numbers of nitrogen in 
ammonium nitrate is: (Raj.) 20tH] 

(a) - 3, + 3 (b) -I, + 1 (c) + I, - 1 (d) - 3, + 5 
94. In which of the following pairs, the oxidation states of sulphur 

and chromium are same? IPET (Raj,) 2007] 

(a) SO~-. crO~- (b) S03' crO;-
(c) S02' crO;- (d) S02' Cr20~-

95. For the redox reaction, HgCl2 + SnCI; -----t 2Hg + SnCl4• 

the correct coefficients of reactants for the balanced equation 
are: 

96. The value of n in the following equation is: 

Cr20~- + 14H + + nFe2 + ~ 2Cr3+ + nFe3 + + 7H20 

IPET ([\if') 20ilNl 

002 003 007 006 
97. In the reaction, 8AI + 3Fe304 -----t 4Ali>3 + 9Fe. tbe---' 

number of electrons transferred from reductant to oxidant is: 
(a) 8 (b) 4 (c) 16 (d) 24 

[Hint: 8AI ~ 8A13+ + 24e 

9Fe813+ + 24e ~ 9Fe ] 

98. Which of the following examples does not represent 
disproportionation? 
(a) Mn02 + 4HCI-----tMnCI2 + CI2 + 2Hz0 
(b) 2H20z -----t 2H20 + 02 
(c) 4KCI03 -----t 3KCI04 + KCl 
(d) 3Cl2 + 6NaOH-----t 5NaCI + NaCI03 + 3H20 

99. Why is the following reaction is not possible? 

Cr20~- + Fe3+ + H + ~ ___ + . _ . + ... 

(a) Both Cr20~- and Fe3
+ are reducing agents 

(b) Both Cr20~- and Fe3
+ are oxidising agents 

(c). Cr20~-is a strong oxidising agent while Fe3+ is a weak 
oxidising agent 

(d) The solution is acidic in nature 

100. Which one of the following statements is not correct? 
(a) Oxidation numberofS in~hS20g is -+ 6 

(b) Oxidation number of Os in OS04 is + 8 
(c) Oxidation number ofS in H2SOs is + 8 

(d) Oxidation number of ° in K02 is - .! 
2 

101. The oxide which cannot act as a reducing agent, is: 
(CBSE 

(b) N02 

(d) CI02 
102. Coordination number and oxidation number of Cr in 

K3Cr(C20 4h are respectively: 
(a) 4 and + 2 (b) 6 and + 3 (c) 3 and -3 (d) 3 and 0 

• 



764 G. RB. PHYSICAL CHEMISTRY FOR COMPETITIONS 

103. In the following reaction, 
4P + 3KOH + 3H20 ~ 3KH2P02 + PH3 

(a) Pis oxidised only 
(b) P is reduced only 
(c) P is oxidised as well as reduced 
(d) none of the above 

104. Which reaction does not involve either oxidation nor 
reduction? 

(a) V02+ ~ VZ0 3 (b) Na ~ Na+ 

(c) crO~- ~ Crz~- (d) Znz+ ~ ~n 

105. In which of the following processes is nitrogen oxidised? 

(a) NH4+ ~ N2 (b) NO; ~ NO 

(c) N02 ~ N0'2 (d) N03 ~ NH4+ 

118. The oxidation state of '8' in H2SzOs is: 
(PET (MP) 2002; RPMT 20071 

(a) +2 (b) +4 (c) +6 , (d) +7 
119. Which is not a disproportionation reaction? 

(.) 2 < )ClIO '" (cc,n,,,, 

< }-cOOCH,-{ ) 
CHO CH20H COO-

(b) I + OH-~ I + I 
COOH COO- COO-

106. It is found that V fonns a double salt isomorphous with (c) NaH+ HzO~NaOH+ H2 
--------- Mom'sSiill.TI:i.eOii(Jifion number ofVTri1his compound IS: '-~--(il)PJtoftheabove-' --_. 
---------~Tar+3 (b) + 2 (c) + 4 (d) - 4 --120:--Whteh~<5ftlre"<5Uowing-in-dispF<5portlonatlonreactlon1 

107. How many moles of electrons are involved in the reduction of (a) Cu20 + 2W ~ Cu + Cu 2+ + HzO 

one mole of Mn0"4 ion in alkaline medium to MnO; ? (b) 2CrO~ + 2W ~ Cr20~- + H20 

(a) 2 (b) 1 (c) 3 (d) 4 (c) Cac03 + 2W ~ Ca2+ + H20 + CO2 
108. One l!lole ofN2I1~ 10se~.1Of!1()I~s..~f elec!Tous to f~Illla_ new (d)Crz()~- + 2QIf:.~~~CrQ~- + IIzQ _______ ... ______ , 

compound Y. Assuming that all nitrogen appears in the new 121: When KMn04 acts as an oxidising agent and ultimately fonns 
compound, what is the oxidation number of nitrogen in Y Mn~-, Mn02• Mn20 3 and Mn2+, then the number of 
(there is no change in the oxidation state of hydrogen)? electrons transferred in each case respectively is: 
(a) -3 (b) + 3 (c) + 5 (d) + 1 (AIEEE 2002) 

109. 

110. 

111. 

112. 

Oxidation number ofC in HNC is: 

(a) + 2 (b) -3 '(c) + 3 (d) zero 

Oxidation number of Fe in FeO,940 is: 

(a) 200 (b) 200/94 (c) 94/200 (d) none of these 

Oxidation number of Fe in Na2[Fe(CN)5NO] is: 

(a) + 2 (b) + I (c) + 3 (d) -2 

Oxidation number of CI in CaOClz is: 

(a) -land + I 
(c) -~ 

(b) +2 

(d) none of these 

113. Equivalent weight ofFeC20 4 in the change, 

FeCZ0 4 ~ Fe3+ + 2COz is: 

(a) MI3 (b) MI6 (c) MI2 (d) Mll 
114. Oxidation state of Fe in Fe30g is: (CBSE 1999) 

(a) 3/2 (b) 4/5 (c) 5/4 (d) 8/3 
115. In which of the following compounds transition metal has zero 

oxidation state?' (CBSE 1999) 
(a) crOs (b) Fe304 (c) Fe804 (d) Fe(CO)s 

116. The oxidation number of sulphur in 88, 8zF2 and H28 
respectively are: (lIT 1999) 
(a) 0,+1 and-2 (b) +2,+1 and-2 
(c) 0,+1 and +2 (d) -2,+1and-2 

117. The reaction, 3CIO-(aq.) ~ ClO;(aq.) + 2Cr(aq.) is an 
example of: (liT (S) 20001 
(a) oxidation reaction 
(b) reduction reaction 
( c) disproportionation reaction 
(d) decomposition reaction 

122. 

123. 

(a) 4,3,1,5 (b) 1,5,3,7 
(c) 1,3,4,5 (d) 3,5,7, I 
Which of the following is a redox reaction: (AIEEE 2002) 
(a) NaCI + KN03 ~ NaN03 + KCI 
(b) CaCZ0 4 + 2HCI ~ CaCI2 + HZCZ0 4 
(c) Mg(OHh + 2NH4Cl ~ MgCl2 + 2NH40H 
(d) Zn + 2AgCN ~ 2Ag + Zn(CNh 
For the decolourisation of I mole ofKMn04, the no. of moles 
ofH20 Z required is: (AHMS 2004) 

(a) 1 (b) 3 (c) ~ (d) 7.. 
2 2 2 2 

124. In H20 2, the oxidation state of oxygen is: (CP!\1T 2000) 
(d) -4 (a) -2 '(b) -I (c) 0 

125. The reaction ofKMn04 and HCl results in: 
(a) oxidation ofMn in KMn04 and production ofClz 
(b) reduction ofMn in KMn04 and production of Hz 
(c) oxidation ofMn in KMn04 and production of Hz 
(d) reduction ofMn in KMn04 and production of Clz 

126. Consider the following reaction, 

5H20 z + xCIOz + 20Ir ~ x a- + Y 02 + 6H20 

The reaction is balanced if: 
(a) x 5, y == 2 
(c)x 4,y==10 

127. In the chemical reaction, 

(b) x==2,y=5 
(d)x=5,y=5 

Ag20 + H20 + 2e-~ 2Ag + 20Ir 

(a) water is oxidised 
(c) silver is oxidised 
(e) hydrogen is reduced 

(b) electrons are reduced 
(d) silver is reduced 
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128. The reaction, 2H20(l) -; 4W(aq.) + 02(g) + 4e- is: 141. The oxidation number of cobalt in K[CO(CO)4] is: 
(a) aredoxreaction (b) a hydrolysis reaction (a) +1 (b) +3 (c)-l (d)-3 
(c) a solvolysis reaction (d) an oscillatory reaction 142. The oxidation state of iodine in lP04 is: [,lEE (Orissa) 20051 
(e) an acid catalyst reaction (a)+! (b) +3 

129. Which of the following molecules can act as an oxidising (c) +5 (d) +7 
agent as well as a reducing agent? [Hint: Let oxidation state of iodine be x 
(a) HzS (b) S03 (c) H20 2 (d) F2 x 3 = 0, x = + 3, 
(e) HzS04 ·:PO!-hascombinedoxidationnumber-3.] 

130. Which of the following is not a reducing agent? 143. The oxidation state ofCr in [Cr(NH3)4 CI2tls: 
(a) S02 (b) HzOz (c) CO2 (d) NOz (a) +3 (b) +2 

131. Equivalent mass of oxidising agent in the reaction, (c) + I (d) 0 

S02 + 2H2S ~ 3S + 2H20 is: 144. Nitrogen forms a variety of compounds in all oxidation states 
(a) 32 (b) 64 (c) 16 (d) 8 ranging from: IPMT (Himachal) 2006) 

132. A, Band C are three elements forming part of a compound in (a) -3 to +5 (b) -3 to +3 
oxidation states of +2, +5 and -2 respectively. What could be (c) -3 to +4 (d) -3 to +6 

____ ------the--compound-'l- 145. ItLaJkaline. mediUlll,...l:4.Q2Je.w;ts.JlitlLE~aruLMn_2+ __ _ 
-----~--~-(a}-A2{RC-h-(b)-Az-(BC~(d)-ABC----~~--~parately to give: ___________ [JEE (Orissa),-2_0_06-,1 __ _ 

133. Among the following, identifY the species with an atom in +6 (a) Fe
4
+ and Mn4+ (b) Fe2+ and Mn2+ 

oxidation state: (c) Fe2+ and Mn4+ (d) Fe4+ and Mn2+ 
(a) MnO:; (b) Cr(CN)~- (c) NiFt (d) Cr02Cl2 

134. On reduction ofKMn04 by oxalic acid in acidic medium, the 
oxi.~!!.on _ J!!lI!lQet::Qf _~. chang.es .. Wh~t is _the }:tla~tude of 
t4is change? 
(a) 7 to 2 (b) 6t02 (c) 5 to 2 (d) 7 to 4 

135. The oxidation number of iron in Fe304 is: 
(a) +2 (b) +3 (c) 8/3 (d) 2/3 

136. Number of moles of K2Cr207 reduced by one mole of Sn 2+ 

137 . 

138. 

139. 

140. 

ions is: 
(a) 113 (b) 3 (c) 116 (d) 6 
In standardization of Na2S203 using K2Cr207 by iodometry 

. the equivalent weight of K2CrZ0 7 is: 
(a) molecular weightl2 (b) molecular weightl6 
(c) molecUlar weight 13 (d) same as molecular weight 
In the bahinced chemical reaction, 

103 +ar +bW ~cHzO+dIz 
a, b, c and d respectively correspond to: (AIIMS 200S; 

AMU 2009) 
(a) 5, 6, 3, 3 (b) 5, 3, 6, 3 (c) 3, 5, 3, 6 (d) 5, 6,5, S 
[Hint: The balanced equation will be: 

103 + sr + 6H+ ~ 312 + 3H20] 

In alkaline medium Cl02 oxidises to H20 2 and O2 and itself 
gets reduced to cr. How many moles ofH20 2 are oxidised by 
1 mole of CI02 ? (PET 2005) 
(a) 1 (b) 1.5 (c) 2.S (d) 3.5 
(e)S 
[Hint: The balanced chemical equation is: 

2CI02 + SHZ02 + 20H-~ 2Cr + S02 + 6H20 

2 mol CI02 = S mol H20 2 

. . 1 mol CI02 = 25 mol H20 2 ] 
Oxidation number of xenon in Xe0Fz is: . [CET (J&K) 20051 
(a) zero (b) 2 
(c) 4 (d) 3 

146. 

[Hint: 
3+ 

2K3[Fe(~]+ 2KOH + 2H20 2 ~ 

2+ 4+ 
MnS04 + H20 2 ~Mn02 + H2S04] 

CrOshasstructureasshown, 

° 0 , "-Cr''''' 
0/ II "'0 

o 
The oxidation number of chromium in the above compound is: 

[PMT (Kerala) 2006; JEE (Orissa) 20081 
(a) +4 (b) +S (c) +6 (d) + 10 (e) 0 

147. Which of the following chemical reactions depicts the 
oxidising behaviour of H2S04? (AIEEE 2006) 
(a) 2HI + H2S04 ~ 12 + S02 + 2H20 
(b) Ca(0H)2 + H2S04 ~ CaS04 + 2H20 
(c) NaCI + H2S04 ~ NaHS04 + HCI 
(d) 2PCIs + H2S04 ~ 2POCl3 + 2HCl + S02C12 

148. The oxidation numbers of the sulphur atoms in peroxy­
monosulphuric acid (H2SOS ) and peroxydisulphuric acid 
(H2SZ08) are respectively: [JEE (J & K) 2009 J 

(a) +8and +7 (b) +3 and +3 
(c) +6and+6 (d) +4and+6 

149. When phosphorus reacts with caustic soda, the products are 
PH) and NaH2POZ• This reaction is an example of: 

IBHU (Mains) 2007) 
(a) oxidation (b) reduction 
(c) disproportionation (d) none of these 

150. When hydrogen peroxide is added to acidified potassium 
dichromate, a blue colour is produced due to formation of: 

IPET (Kcrala) 20071 

(c) crOs (d) crO~-
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[Hint: K2Cr20 7 + H2S04 ---+ K2S04 + H2Cr207 

[H202 ---+ H20 + (0)]4 
H2Cr20 7 + 4(0) ---+ 2CrOs + H20 

K2Cr207 + H2S04 + 4HzOz ---+ 2CrOs + KZS04 + 5HzO] 

151. Number of moles of MnO:; required to oxidise one'mole of 
ferrous oxalate completely in acid medium will be :' 
(a) 7.5 moles (b) 0.2 moles (c) 0.6 moles (d) 0.4 moles 

ICBSE-PMT (Pre) 200S) 
[Hint: 2MnO;; + 16W + 5C20~- ---+ 2Mn2+ + IOC02 

Number of moles of MnO:; required to oxidise one mole of 
. 2 

oxalate = - = 0.4 ] 
5 

154. The reaction : 
3CIO'" ~ CIO; + 2Cr is an example of: 

(a) oxidation reaction 
(b) reduction reaction 
(c) disproportionation reaction 
(d) decomposition reaction 

155. Which of the following species will not exhibit dispro-
portionation reaction? !A:\W (Engg.) 20091 

(a) CIO- (b) CIO; 

(c) CIO; (d) CI04 
156. Which of the following shows nitrogen with its increasing 

order of oxidation number? 20101 
152. Oxidation number of iodine in IO;,IO:;,KI and 12 (a) NO <N

2
0<N0

2 
<NO; <NIl! 

respectively are : [P'HT (Kera!~) 2008j 
"'~-"~-'''----W--+,--}, 0, ~ 1 {b)_+~;1 + 7,0 . --.- .. _.Jb.LNH:.5N~0 <.NQ-2 <l'1J)i. < NQ .. --_._-_...._--. 

0,;, -.-----------{-e)-+.s;-+-7,--I,-O----·--(d)---l,~,_:__l,O---·-·-~ ·····-----(~~<-NzQ.<-NQ-<-NOr<-NOr----···--~----
,," (e) -:-2,-5,":'1,0 

153.. In the redox reaction : . 
xKMn04 + yNH3 ~ KN03 + Mn0z + KOH + H20 

(a)x 4,y=~ 

(c) x= 8, y= 6 

[Hint: Balanced equation is : 

(finn 20U')} 

(b) x= 3,y 8 
(d) x= 8, y= 3 

8KMn04 + 3NH3 ~8Mn02 + 3KN03 + 5KOH + 2H20] 

157. Oxidation states 
respectively: 
(a) +3, +5, +4 
(c) +5, +4,+3 

of. P in H4P20s"H4Pz06' H4P20 7 are 
. (AIPMT 2010) 

(b) +5, +3, +4 
(d) +3, +4;-+5 

Assertion-Reason TYPE QUESTIONS 

Set .... 1 
TIle questions given below consist of an 'Assertion' (A) and 
'Reason' (R). Use the following keys to choose the appropriate 
answer: 

(a) If both (A) and (R) are correct, and (R) is the correct 
explanation 9f (A). 

(b) Ifboth (A) and (R) are correct, but (R) is not the correct 
explanation of (A). 

(c) If (A) is correct, but (R) is incorrect. 
(d) If (A) is incorrect, but (R) is correct. 

1. (A) In aqueous solution, S02 reacts with H2S liberating 
sulphur. 

(R) S02 is an effective reducing agent. 
2. (A) Fluorine acts as a stronger reducing agent than oxygen. 

(R) Fluorine is more electronegative. 
3. (A) PbCl2 is more stable than PbCI4. 

(R) PbCl4 is a powerful oxidising agent. 
4. (A) Among halogens fluorine is the. 

(R) Fluorine is .the most electronegative element. 
5. (A) In the reaction .between potassium permanganate and 

potassium iodide, potassium permanganate act as 
oxidising agent. 

(R) Oxidation state of manganese changes from +2 to +7 
during the reaction. 

Set..;...2 
The questions given below consist of two statements each as 
'Assertion' (A) and 'Reason' (R). While answering these questions 
you are required to choose anyone of the following four: 

(a) If both (A) and (R) are true, and (R) is the correct 
explanation of (A). 

(b) If both (A) and (R) are true, but (R) is not the correct 
explanation of (A). 

(c) If (A) is true, but (R) is false. 
(d) If (A) and (R) are both false. 

1. (A) Identification of cathode and anode is. done with the help 
of thermometer. 

(R) Higher is the value of reduction potential, greater would 
be its reducing power. 199'9) 

2. (A) Zinc reacts with H2S04 to give H2 gas but copper does 
not. 

(R) Zinc bas higher reduction potential than copper. 
3. (A) Absolute electrode potential can be easily measured by 

using vacuum tube voltmeter. 
(R) Oxidation or reduction cannottake place alone. 

4. (A) Sulphur dioxide and chlorine are both bleaching agents. 
(R) Both are reducing agents. (AHMS 195':.:i} 

5. (A) Hydrogen peroxide acts only as oxidising agent. 
(H20 2 ---7 H20 + 0) 

(R) All peroxides behave as the oxidising agent only. 
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6. (A) HCI04 is stronger acid than HCI03. 

(R) Oxidation state ofel in HCI04 is +VII and in HCI03; it is 
+V. 

7. (A) Oxidation nwnber ofNi in Ni(CO)4 is taken zero. 
(R) The oxidation number of CO has been taken to be zero. 

8. (A) Oxidation state of 'H' is + lin CuH2 and is -1 in CaH2• 

(R) Ca is stronger electropositive than hydrogen. 

1. (a) 2. (b) 3. (d) 4. (c) 

9. (b) 10. (c) 11. (a) 12. (c) 

17. (d) 18. (c) 19. (d) 20. (c) 

25.jd) 
;l,.! 

26. (b)_~_2L-\.a)- ~ __ ~ 28. (d) 

----... ---»-.-00-. ----34.-(br-~-_35;_(cr--·-36:-\d)-
41. (a) 42. (b) 43. (b) 44. (a) 

49. (d) 50. (d) ,51. (b) 52. (c) 

57. (b) 58. (c) 59. (b) 60. (a) 

. 65:'(ay-' o6;'(c)' b7~-(c)- . '6fL(d) 

73. (c) 74. '(a) 75. (b) 76. (b) 

81. (b) 82. (a) 83. (d) 84. (c) 

89. (d) 90. (b) 91. (a) 92. (c) 

97. (d) 98. Ca) 99. (b). 100. (c) 

105. (a) 106. (b) 107. (a) 108. (b) 

113. (d) 114. (d) 115. (d) 116. (a) 

121. (c) 122. (c) 123. (c) 124. (b) 

129. (c) 130. (c) 131. (c) 132. (c) 

137. (b) 138. (a) 139. (c) 140. (c) 

i45 •. (c) "146. (c) 147. (a) 148. (c) 

153. (d) 154. (c) 155. (d) 156. (c) 

• Set..,..1 

1. (b) 2. (b) 3. (b) . 4. (b) 

• Set-2 

1. (d) 2; (c) 3. (d) . 4. (c) 

9. (a) 

9. (A) Iodine shows oxidation state of + I and + 3 in the 
compounds ICI and ICl3 respectively. 

(R) Iodine coming below the halogens F, CI and Br in the 
halogen group of elements in the periodic table shows a 
higher degree of electropositive nature. (SeRA 2007) 

5. (a) 6. (d) 7. (b) 8. (c) 

13. (b) 14. (b) 15. (c) 16. (a} 

21. (b) 22. (d) 23. (c) 24. (a) 

-l9-.-(a) -Jo.~. 31 •. {d} 3i. (b) 

37. (a) . ~1J. (a) 39, (a) 40. (a) 

45. (b) 46. (c) 47. (c) 48. (c) 

53. (c) 54. (a) 55. (a) 56. (b) 

61. (c) 62. (b) 63. (d) 64. (d) 

69. (b) 70. (d) 71. (a) 72. (b) 

77. (c) . 78. (b) 79. (a) 80. (d) 

85. (d) 86. (b)'- 87. (a) 88. (c) 

93. (d) 94. (b) 95. (c)' 96. (d) 

101. (c) 102. (b) 103. (c) . 104. (c) 

109. (a) 110. (b) 111. (a) 112. (a) 

117. (c) 118. (c) 119. (c) 120. (a) 

125. (d) 126~ (b) . 127. (d) 128. (a) 

133. (d) .134. (a) . 135. (c) 136. (a) 

141. (c) 142. (b) 143. (a) 144. (a) . 

149. (c). 150. (c) 151. (d) 152. (c) . 

157. (d) 

. 5. (c) 

5. (d) 6. (b) 7. (a) 8. (a) 

-,'; 

i~ 
'oj 
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~ 
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;~ 
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1. Oxidation states of carbon atoms in diamond and graphite are: 
(a) +2, +4 (b) +4, +2 (c) 4,4 (d) zero, zero 

2. Oxidation state(s) of chlorine in CaOCl2 (bleaching powder) 
is/are: 
(a) +1 and-l (b) +1 only 
(c)-l only (d) none of these 

3. Oxidation number of sulphur in'Ss, S2FZ and H2S are: 
(a)+2,0,+2 (b)0,+I,-2 (c)-2,0,+2 (d)0,+l,+2 

9. Which among the following compounds hav:e +6 state with the 
metal atoms? 

(a) [Fe(CN)6t-

(c) [Cr(CN)613
-

10. The oxidation number of nitrogen atoms in NH4N03 are: 
(a) +3, +3 (b) +3, -3 (c) -3, +5 (d) -5, +3 

[Hint: NH4No;' ~ NH; + NO;-

4. The reaction, H2S + H 20z ~ 2H20 + S, shows: NH; x + 4 = + I 

~"~' -.---------.-(a}acidic.nature of H.j!02 __ -£b) reducing nature ofH20 2 _______ .. ___ . ___ -=.:-.:-:::~-~x-=.---~3--.---.. ~----.-.. --.-____ . ___ ._.~_. __ 
.---'c)..oxidising.ac.tioJLOi.Hz~_(!1} alkaline .!latl!Te oflh~__ _____ . ___ N03L 6::: _1 ____ . ______ . __ _ 

:{ 
~': 

-;i 
;; 

~ 
~ 
~-

I ... 
~. 
~. 
, 

5. For the redox reaction, x + 5] 
MnO:; + C20~- + IV ~ Mn z+ + COz + H20, 

6. 

7. 

8. 

the correct coefficients of the reactants for the balanced 
reaction are: 

MnO-
·······4 CzO~- IV 

(a) 2 5 16 

(b) 16 3 12 

(c) 15 16 12 

(d) 2 16 5 
Number of moles of K ZCrZ0 7 that can be reduced by 1 mole of 
Sn z+ ions is: 

OO! OO~ 00 5 00 6 

3 2 6 5 
[Hint: Balanced equation is: 
Cr20~- + 14H+ + 3Snz+ ~ 2Cr3+ + 7H20 + 3Sn4+ 

1 mole of Sn 2+ ==! mole of Crzo~- ] 
3 

The reaction, 3ClO-(aq.)~ CI03(aq.) + 2CI-{aq.),is an 
example of: 
(a) reduction reaction 
(b) oxidation reaction 
(c) disproportionation reaction 
(d) spallation reaction 
The oxidation states of sulphur in Caro's and Marshall's acid 
are: 
(a) +6, +6 
[Hint: 

(b) +4, +6 (c) +6,-6 

o 
II 

(d) +6, +4 

H2SOSCaro's Acid H-O- S-O-O-H 
II 
o 

Hz5z0g MarshaU's Acid 
o 0 
II' II 

H-O-S-O-O-S-O-H 

" II o 0 
Both these acids have peroxy link.] 

(+6) 
Stale 

(+6) 
State 

11. In the chemical reaction, 
K 2CrZ0 7 + xH2S04 + ySOz ~ K2S04 + Cr2 (S04 h 

+ zH20 
the values of x, yand z respectively are: 
(a}i:;:;'l, y = 3,z';;;-1 '(I:5)x:-4;")1=1;-z= 4----· 
(c)x 3,y=2,z=1 (d)x 2,y=2,z::;2 

12. In which of the following pairs both members contain peroxy 
linkage? 
(a) HzSzOs, H4P20 6 (b) H2SOS , H4P20 7 
(c) H2 Ti04, H4P20 S (d) S30 9' P40 7 

13. Which of the following agents is the most oxidising? 
(a) 0 3 (b) KMn04 (c) HZ02 (d) K2C1207 

14. When methane is burnt in oxygen to produce CO2 and HzO, 
the oxidation number changes by: 
(a) -8 (b) zero (c) +8 (d) +4 

-4 +4-4 
[Hint: CH4 + 202 ~ COz + 2HzO 

Oxidation number change == + 4 - (-4) = + 8] 
15. Which of the following has been ru;ranged in order of 

increasing oxidation number of nitrogen? 
(a) NH3 < NzOs < NO < Nz 
(b) NO; <NO; <NO; <N; 

(c)NH:; <N2H4 <NH20H<N20 

(d) N02 <NaN3 <NH:; <NzO 

16. In the ethylene molecule the two carbon atoms have the 
oxidation numbers: 
(a)-l,-l (b)-2,-2 (c)-I,-2 (d) +2,-2 

17. In which of the following coordination compounds do the 
transition metals have·an oxidation number of +6? 
(a) [Cr(HZO)4 CI2]Cl· 2HzO (b) [Fe(CO)sl 

(c) [(H10)s Cr - O~ Cr(H20)s t+ 
(d) Kz(Cr(CN}z0z(Oz)NH31 

18. In the redox reaction: 
xMnO + yPb02 +zHN03 ~ HMn04 + Pb(N03)2 + H2 0 

(a) x = 2, y = 5, z = 10 (b) x ::; 2, y::; 7, z::; 8 
~x=~y=~z=8 (~x::;~y=~z=5 
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19. In the redQx reaction: 

xKMn04 + yNH3 
(a)x=4,y 6 
(c)x 8, y = 6 

20. In the ionic equation: 

KN03 + Mn0z + KOH + H20 
(b)x=8,y 3 
(d)x= 3, y 8 

xCH3CH20H + yI2 + zOH --7 CHI3 + HCOl + r + H20 

(a)x=1,y=4,z 6 (b)x=1,y=6,z 4 
(c)x=l,y 8,z=l2 (d)x=l,y=8,z 8 

21 .. The oxidation number ofCr is +6 in: 

(a) FeCr204 (b) KCr03Cl (c) CrOs (d)[Cr(0H)4r 

22. The oxidation number -of carbon is zero in: 
(a) HCHO (b) CH2Cl2 (c) C6H120 6 (d) C12H22011 

2j~ Which of the following have been arranged in order of 
decreasing oxidation number of sulphur? 

_{~1)J:kS2Q,2-Na~&2: Na2S2-~§8_~n ~ ____ . ___ nnn ___ .n 
.(b)S.Q~+_:>..sQl:::2.:S0~ ~~~H~Q4_n __ .n._~ __ .. 
(c) H2SOS > H2S03 >SCl2> HzS 
(d) H2S04 > S02 > HzS > H2SZOS 

24. Oxidation number of carboxylic carbon atom in CH 3COOH 
is: 
(a) +2 (b) +4 (c) +l (d) +3 

25. Which among the followhig-are autQredox reactions? 

(a) P4 + Oli HzP04" + PH3 

(b) S20~- --7 SO~- + S 

(c) HzOz --7 HzO + 0z 
(d) AgCl + NH3 --7 [Ag(NH} )z]Cl . 

26. Oxidation state of nitrogen is incorrectly given for: 
. . [PMT (Pb.) 2006\ 

. Compound 
(a) [CO(NH3 )5 Cl]Clz 
(b)NH20H 
(c) (NzH5 }zS04 
(d) Mg3N2 

Oxidation state 
-3 
-1 
+2 
-3 

27. Oxidation number of C in HNC is: 
(a) +2 (b)-3 
(c) +3 (d) zero 
~nt: HNC 

+l-3+x=O 
x +2] 

28. Which of the following groups of molecules act both as 
oxidising agent as wen as reducing agent? 
(a) KMn04, 03' S03 (b) HCI04, HN02,H20 2 

(c) HNOz, SOz, HzOz (d) HN03 , S02' H2S04 
29. Match the List-I with List-II and select the correct answer 

from the given Codes: 

[~<L.'. , .... : ... ' > 
·· .. ···"i.·l~ .. 

-0' •• :.,,,., ,:,'. ~~,;".> <.is:" r; .,:::_",.~{~,_ ,':',"_:.;)_j.,t;~''!";(''<'-_;._: • 

1. (d) 2. (a) 3. (b) 4. (c) 
9. (d) 10. (c) Il. (a) 12. (c) 

17. (d) 18. (a) 19. (b) 20. (a) 
25. (a, b, c) 26. (c) 27. (a) 28. (c) 
33. (c) 34. (a) 35. (d) 36. (a) 

List-I List-II 
(Compound) (Oxidation state of nitrogen) 
A. N20 S (i)-2 
B. NaN3 (ii) +5 
Co NO (iii)-113 
D. N2H4 (iv) +2 

Cocks: ABC D 
(a) . (ii) (iii) (iv) (i) 
(b) (i) (ii) (iii) (iv) 
(c) (iv) (i) (ii) (iii) 
(d) (iii) (i) (iv) (ii) 

30. The oxidation state of molybdenum in its oxo complex species 
. [M0204(CzH4MH202 )f-is: 
(a)2(b)3 (c) 4 (d) 5 

31. KMn04 is a strong oxidising agent in acid medium. To provide 
··--···acid-medi:ut:n,H2~s-used-iBst~(}f-HClc-+his-is-hec.ause ..... ·---

. .. _ ... __~ ___ n.:. ______ '--_____ ~__ ___________ [PMT ili~!~l~ 20.;;...:0...;...7\,--_ 

(a) H2S04 is a stronger acid than HCl 
(b) HCl is oxidised by KMn04 to Cl2 
(c) HZS04is a dibasic acid 
(d) rate is. faster in the presence of H2S04 

(e) only H2S0~ is completely iol1ized . . . 
32 •. Which·of the following oxides cannot work as aie01.lc-mg ~-

agent? . [PET (Raj.) 20061 

.. (a) COz (b) NOz (c) S02 (d) CIOz, 
33. The coordination number and oxidation state of Cr in 

K3[Cr(C20 4 )3] are respectively: [PET (Raj.) 2006\ 
(a) 3and+3 (b) 2 and 0 
(c)6and+3 (d)4and+2 

34. The reaction, P4 + 3NaOH + 3H20 --7 3NaHzP02 + PH3 is 
an example of: IJEE (Orissa) 20081 

( a) disproportionation reaction 
(b) neutralisation reaction 
(c) double deco:nposition reaction 
(d) pyrolytic reaction .. 

35. Balance the following equation and choose the correct value 
of sum of coefficients of the products: 

CS2 + Clz CCl4 + S2Clz 
(a) 5 . (b) 3 (c) 6 (d) 2 _ 

36. 6 x 10- 3 mole K2CrZ0 7 reacts completely with 9 x 10- 3 mole 
X n+ to give XU;- and Cr3 +. The value of 'n' is : 
(a) 1 (b}2 (c) 3 (d) 5 

37. Hydrazine reacts with KI03 in presenceofHCl as; 
NzH4 + 103 + 2W + Cl- ICI + N2 + 3HzO 

The equivalent masses of NzH4 and Kl03 respectively are: 
(a) 8,87 (b) 8, 35.6 (c) 16,53.5 (d) 8,53,5 

I 
5. (a) 6 •. (a) 7. (c) 8. (a) 

13. (a) 14. (c) \5. (c) Hi. (b) 
21. (b, c) 22. (a, b, c,d) 23. (a, c) 14. (d) 
29. (a) 30. (b) 31. (b) 32. (a) 
37. (d) 
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Integer Answer TYPE QUESTIONS 

This section contains 9 questions. The answer to each 
of the questions is a single digit integer, ranging from ° to 9. If the correct answers to question numbers X, 
Y, Z and W (say) are 6, 0, 9 and 2 respectively, then 
the correct darkening of bubbles will look like the 
given figure: 

1. The oxidation number of Mn in the product of alkaline 
oxidative fusion of Mn0z is: (lIT 2009) 

+Z +6 -8 
[Hint: 4KOH + 2MnOz + Oz----+2KzMn04 + 2HzO] 

2. How many peroxy links are there in CrOs? 
._. __ ... _ .... _.~~ __ ._ .. ·_ .. ·_··_O'- __ 

o II 0 
[Hint :Strilcfuie of erOs is:\ )C1-( 1-

° ° 
There are two peroxy links in this molecule. ] 

3. How many moles of electrons are involved in the conversion 
of 1 mol CrzO~~ into Cr3+ ion? 

Cr20~~ + 14W + 6e~ ~2Cr3+ + 7HzO 

4. In the following reaction, hydrazine is oxidised to Nz 
N2H4 + OIr ~N2 + HzO+ e~ 

The equivalent mass of NzH4 (hydrazine) is: 
5. Nitrobenzene (C6HsNOz) can be reduced to aniline 

(C6HsNHz) by electrolytic reduction; the equivalent mass of 

. . (moleCular mass) nItrobenzene wIll be equal to n . The value of 

n is: 

[Hint: CJ!.sNOz+ 6[H]----+G#5NHZ+ 2HzO] 
Nitrobenune Aniline 

6. How many sulphur atoms in NaZS40 6 have zero oxidation 
state? 

7. 6x 10-3 mole K2CrZ0 7 reacts completely with 9x 10-3 mo __ I_e_ . ______ _ 

togive ~()i~dCr3+.TheYlli~~-~i~i~:. -

8. The sum of oxidation number of nitrogen in NH4N03 is : 
9. The value of n in the molecular formula BenAlzSii,018 is: 

(lIT 2010) 

[Hint: SiPl~z is a cyclic silicate. The value ofn will be '3' to 

balance the charge BenA12S~O 18 

.. . 2n+6-12=O 

n 3] 

[4~"--------------~ 
. 1.(6) 

9. (3) 

2. (2) 3.(6) 4. (8) 5. (6) 6. (2) 7. (1) 8. (2) 
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.... ~ . -"" - - -

.. ~ .. bINKI!~,·e~M.,tt~H~~~Q"·T!t'_E_'QQESIJ:QN$ . 
• Passage 1 

Valency and oxidation number are different for an element. 
Valency of carbon is generally 4, however, the oxidation state may be 

- 2, 0, + 2, 1, etc. In the compounds containing carbon, 
hydrogen and oxygen, the oxidation number of carbon can be 
calculated as: 

Oxidation number of carbon = ---""----'-'-
nc 

where, nH, no and nc are number of respective atoms. 
Answer the following questions: 

1. Which of"the following compounds have zero oxidation state 
at carbon? .. .. 

(a) C6B1:P6 _ (b)JiCQQIl~.(~lR<;::IiQ__J(i}_C;:tI4 _ " ... _. 
z. Whjch Qf th.e following oxides of carbon pas fractional 

oxidation state? 
(a) Carbon monoxide (b) Carbon dioxide 
(c) Carbon suboxide (d) All ofthese 

3. Which of the following compounds of carbon has high.est 
oxidation state? 
(a) CH;,(b)CH30H'(c) CHi0 (d) HeG0H 

4. Oxidation state of carbon in"dianiond is: 
(a) zero (b) +1 (c)-l (d) +2 

5. In which of the following compounds, the valency of carbon is 
two? . 

(a) Carbenes (b) Allenes (c) Alkenes (d) Ketenes 

• Passage2 

Oxidation and reduction process involves the transaction of 
electrons. Loss of electrons is oxidation and the gain of electrons is 
reduction. It is thus obviolls that in a redox reaction, the oxidant is 
reduced by accepting the electrons and the reductant is oxidised by 
losing electrons. The reactions in which a species dis pro portio nates 
into twooxido.tion states' (lower and higher) are called 
disproportionation reactions.. In. elec!tochemical cells, redox 
reaction is involved, i.e., oiida"tion takes place at anode and 
reduction at cathode. 
Answer the foUowingquestions: 

1. The reaction, 
Cl2 CI - + CIO:; 

is: 
(a) oxidation 
(b) reduction 
(c) disproportionation 
(d) neither oxidation nor reduction 

2. Select the correct statement: 
(a) oxidation takes place at anode in electrochemical cell 
(b) reduction takes place at cathode in electrolytic cell 
(c) oxidation takes place at cathode in electrolytic cell 
(d) all are correct 

3. In the reaction: 

12 + 2Sz0;- 2r- + S 0 2-4 6 

(a) 12 is a reducing agent (b) 12 is an oxidising agent 

(c) S20~- is a reducing agent (d) 820;- is an oxidising agent 

4. Determine the change in oxidation number of sulphur in H2S 
and S02 respectively in th~ following reaction: 

2H2S + S02 ----j. 2Hp + 3S 
(a)0,+2 " (b) +2, 4 (c)-2, (d)+4,0 

5. Which of the following reactions is/are correctly indicated? 

Oxidant 

(a) HN03 + Cu 

(b) 2Zn + O2 

(c) CI2 + 2Br-

(d) 4Cl2 + CH4 

• Passage 3 

Reductant 
----7 Cu 2+ + N0

2 

----7 ZnO 
2CI-t-Br2 
CC14 + 4HCI 

Redox reactions are o/three types: 
(i) Intermolecular redox reactions, 

(lz) Intramolecular redox reactions, 
(iiz) Auto redox reactions 

OR 
Disproportionation reactions. 

Redox reactions are divided into two main types: 
(I) Chemical redox reactions, 

(it)" Electrochemical redox reactions which either produce 
or consume electricity. 

Oxidation and reduction process takes place in a reaction 
simultaneously. 
Answer the following questions: 

1. Which of the following is a redox reaction? 
(a) NaCI + KN03 NaN03 + KCI 
(b) CaC20 4 + 2HCl----7 CaCl2 + H2Cz04 

. (c) Mg(OH)2 + 2NH4CI MgCl2 + 2NH40H 
(d) Zn + 2AgCN ----7 2Ag + Zn(CN)z' 

2. Select the intramolecular redox reaction(s) . among the" 
following: 
(a) 2KCI03 ----7 2KCI + 302 
(b) (NH4 )2Cr207 ----7 N2 T Cr20 3 + 4H20 
(c) CI- + CI03' 

(d) NH4N02 ----7 N2 + 2H20 
3. In which of the following reactions, H20 2 acts as reducing 

agent? 
.(a) el2 + HP2 ----7 2HCl+ O2 . 
(b) H20 2 + 0 3 ----7 H20 + 202 

(c) HCHO + H20 2 ----7 HCOOH + H20 
(d) Pb02 + H20 2 '----7 PbO + H20 + 02 , 

4. Which among the following acts as oxidising as well as 
reducing agent? 
(a) HN02 (b) HN03 (c) H2S04 (d) KMn04 

5. The value of x in the following reaction, 
MnO; + 8H+ + xe ----7Mn 2+ + 4H20 is: 

(a) 5 (b) 10 (c) 2 (d) 3 
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f. (a, c) 

f. (c) 

1. (d) 
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2'. (c) 3. (d) 

2. (a, b) 3. (1" c) 

2. (a, b, d) 3~ (a: b, d) 

4. (a) 

4~ (b) 

4. (a) 

·.SELF Ass~MENT .• 
ASSIGNMENT NO. 11 

SECTION-I SECTION-II 
Straight Objective Type Questions 

5. (a) 

5~ (a, c, d) 

5. (a) 

----~~ -

This section contains 8 multiple choic~_~uestions. Each 
------~~--question has 4 choices (a), (b), (c) and (d), out of which only 

Multiple ~dswers Type {)bj'ective Q\lestionr--~-
--9;--Peroxideions-are-pn:-sent in: .------

(a) H20 2 (b) Ba02 

i 
.,/ 

one is correct. 
1. In the reaction: 

. szdg- + 21-~ 2S0;- + Iz [PET (MP) 2007] 

(a) oxidation ofiodide into iodine takes place 
(b) .red~ction-ofiodine into iodide takes· place 
(c) both oxidation and reduction of iodine takes place 
(d) none of the above 

2. The oxidation state of chromium in chromium trioxide is: 
(CET (J&K) 2007) 

(a) + 3 (b)+4 (c)+5 (d)+6 
3. For the reaction between KMn04 and HzOz, the number of 

electrons transferred per mol of HZ02 is: 
(a) one (b) two 
(c) three (d) four 

4. In tbe ionic equation, 
BiOi + 6W + xe- ---7 Bi3+ + 3H20 

the value of x is: 
(a) 6 (b)2 
(c) 4 (d) 3 

5. In [Cr(02 )(NH3 )4H20]CI2, oxidation number of Cr is + 3, 
then oxygen will be in the form: 
(a) dioxo (b) peroxo 
(c) superoxo (d) oxo 

6. IIi the reaction, crOs + SnCl2 ---7 Cro;- + SnCI4, the 
element undergoing oxidation and reduction respectively are: 
(a) Cr, Sn (b) Sn, Cr 

(c) Sn, ° (d) CI, C 
7. Equivalent mass ofKMn04 in acidic, basic and neutral are in 

the ratio of: 
(a)3: 5: 15 . (b) 5: 3: I 
(c)5:1:3 (d)3:15:5 

8. A compound ofXe and F is found to have 53.5% Xe. What is 
the oxidation number ofXe in this compound? 
(a) - 4 (b) 0 
(c)+4 (d) +6 

(c) OFz (d) H2SZOS 
10. The metals undergoing disproportionation are: 

(a) Sn (b) Na (c) Cu (d) Ca 
11. ___ Thenon-metals.cundergoing disproportionationare;· .. - .. ----

(a) P4 (b) Clz (c) Iz (d) F 
12. Which of the following can act as oxidising as well as 

reducing agent? 
(a) 0 3 ' (b) HN03 (c) SOz (d) H20z 

13. When Cl2 reacts with aqueous NaOH in cold condition then 
oxidation number of chlorine changes from 0 to: 
(a) -I (b) + I (c) 2 (d) + 2 

14. Select those species that can function both as oxidising and 
also as reducing agent: [BHU (Mains) 2010] 
(a) KI . (b)KI3 (c) 12 (d) H20 2 

15. The species that contain peroxide ions are:. . 
(BHU (Mains) 2010] 

(a) PbOz (b) HZ02 (c) Sr02 (d) Ba02 

seCTION-III 
Assertion-Reason Type Questions 

This section contains 4 questions. Each question contains 
Statement-l (Assertion) and Statement-2 (Reason). Each 
question has following 4 choices (a), (b), (c) and (d), out of 
which only one is correct. 
(a) Statement-l is true; statement-2 is true; sfatement-2 is a 

correct explanation for statement-I. 
(b) Statement-l is trUe; statement-2 is true; statement-2 is not 

a correct explanation for statement-l. 
(c) Statement-l is true; statement-2 is false. 
(d) Statement-l is false; statement-2 is true. 

16. Statement~: Spectator ions are the species that are present in 
the solution but do not take part in the reaction. 

Because 
Statement-2: The phenomena of formation of HZ02 by the 
oxidation ofH;O is known as auto-oxidation. 
[Hint: Zn + 2W+ 2CI- ---7 Zn 2+ + 2CI- + H2. Here, CI­
ion IS spectatorJon.] 
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17. Statement-I: Oxidation number of carbon in HCN is + 2. 

. "\ Because 
Statement-2: Carbon always show~~idation state of + 4. 

18. Statement-I: Bromide ion adi as a reducing agent in the 
reaction, 

2Mn04 + Br- + H20 2Mn02 + Br03' + 20Ir. 

Because 
Statement-2: Oxidation number of bromine increases from - I 
to+ 5. 

19. Statement-I: Oxidation number of carbon in HCHO is zero. 
Because 

Statement-2: HCHO is a covalent organic compound. 

SECTION-IY 
Matrix-Matching Type Questions 

-----.-.- ---- -- - -- --TIifs-sec-tJoiicontalns-3---questfons. questlon-contains- ._-
-- ..... - .. ""statemenrgivenuClWo colUi:liilnv1iicnnavef05ematclied~-

Statements (a, b, c and d) in Column-I have to be matched with 
statements (p, q, rand s) in Column-II. The answers to these 
questions have to be appropriately bubbled as illustrated in the 
following examples: 

.p- ... q.. f· S --

a 8 ® 0 0 
b ® e 0 CD 
c 8 e 0 (0 
d ® ® 0 0 

1. (a) 2. (d) 3. (c) 4. (b) 

If the correct matches are (a-p,s); (b-q,r); (c-p,q) and (d-s); 
then correct bubbled 4 x 4 matrix shouldbe as follows: 

20. Match the Column-I with Column-II: 
Column-I 

(Chemical species) 
Column-II 

(Oxidation number 
ofsulpbur) 

(a)S (P)+6 
(b) H2S (q) + 1 
(c)S2CI2 (r)O 
(d) H2S20 s (8) 2 

21. Match the Column4 with Column-II: 
Column-I 

(Compound) 

(a) Sulphurus acid (H2S03 ) 

Column-II 
(Oxidation state 

ofsulpbur) 
(P) + 5 
(q) + 3 (b) Peroxy mono sulphuric 

... ·--acia-(H;SOs·r----- -"-- -~ .. -'"--- ._- ------.-

-(c) DillilOmc acfd-(H;S;-OtiT 
(d) Dithionous acid (H2 S2 0 4 ) 

.- -(f)-TO'---- --,.­

(s) + 4. 
22. Match the Column-I with Column-II: 

Column-I Column-II 

(a) O;:~02+0t (P) Redox reaction 
-_.------

(b) crOi-+w~ (q) One of the products has • 
trigonal planar structure 

(c) Mn°4+NO;:+ ~ (I:) dimeric bridged 
tetrahedral metal ion 

(d) N03' + H2S04 + ~ (s) disproportionation 

S.(c) 

9. (a, b, d) 10. (a, c) 11. (a, b, c) 

19. (b) 

12.(c,d) 13.(a, b) 

6. (c) 

14.(b, c, d) 

7. (d) 

IS.(b, c, d) 

8. (d) 

16. (b) 

17. (c) 18. (a) 20. (a-r) (b-s) (c-q) (d-p) 21. (a-s) (b-r) (c-p) (d-q) 

22. (a-p,s) (b-r) (c-p,q) (d-p) 


