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Redox Reactions and
Electrochemistry

TOPIC 1

Redox Reactions

0_1 The oxidation state of Crin CrO5 is
[NEET (Odisha) 2019]

(a) -6 (b)+12
(c)+6 (d)+4
Ans. (¢)
The structure of CrQOg is
i
0 0
| o]
0 0

Oxidation state of Cris +6 due to the
presence of two peroxide linkages,
which can be calculated as.

In Cr0(0,),, let the oxidation state of Cr
be x

x+ (=14 +(-2) =0
x=6=00 x=+6

02 In acidic medium, H,0, changes

Crzog_ to CrO5 which has two
(—0—0—) bonds. Oxidation state of

CrinCrOgis  [cpse aPMT 2014]
(a)+5  (b)+3  (c)+6  (d)-10
Ans. (¢)

WhenH,0, is added to an acidified
solution of a dichromate CrZO%', adeep
blue coloured complex, chromic
peroxide CrO, [or Cr0(Q,), ]is formed.

Cr05 + 2H +4H,00.  2Cr0(0,),
N

Chromic peroxide

[blue coloured complex] + 5H,0

This deep blue coloured complex has the
following structure

0 |0
e |
o’ No
Oxidation state of Crin CrO;is +6 due to
the presence of two peroxide linkages
which can be calculated as
X (=) x4 +1x(-2)
[ForCrl  [For0-0] [For0]
x—6=0; x=+6

03 Oxidation state of FeinFe ; 0, is
[CBSE AIPMT 1999]

3 4 5 8
Ans. (d)

Oxidation state of Fe inFe 0, is
calculated as
x 2
Fe;0,
3x+(-2x4) =0
Sx=+8
8

X=+_

3

0_4 The oxidation state of Crin

K,Cr,0, is [CBSE AIPMT 1988]
(a)+5 (b)+3 (c)+6  (d)+7
Ans. (¢)
Let the oxidation state of Cris x
K,Cr,0,
O 2(+0) +2x +7(-2) =0
2+2x=14=0
2x=12=0
2x =12
X =12 +6
2

TOPIC 2

Electrolytic Conductance,
Electrolysis and Its
Quantitative Aspect

05 The molar conductance of NaCl,
HCl and CH;COONa at infinite
dilution are 126.45, 426.16 and 91.0
Scm? mol ™! respectively. The
molar conductance of CH;COOH at
infinite dilution is
Choose the right option for your
answer. [NEET 2021]
(a)201.28 S cm? mol ™
(b)390.71S cm? mol ™"

(c)698.28 S cm? mol ™'

(d)540.48 S cm? mol ™'

Ans. (b)

Molar conductance of NaCl,
Ao = 126.45 S cm’” mol ™!

Molar conductance of HCI,
Ay =426.18 S e mol™!

Molar conductance of CH3COGN+a,

e coona =910 S e mol™
According to Kohlrausch’s law;

N =N +A0 - i)
Mo A e PN (i)
)\CHSCOONa" =N +)\CH3COO‘ i)

o

° °
= +
)‘CHSCOOH )\CH3COO_ )‘H*
Y =(\° RN
CH3COOH ( CH4C00 Na*)
o o o o
+ + - +
(}‘H* )‘cr) ()‘Na‘ )‘cr)

o

° _ o 5o
Ach,coom —}‘CH caBNa* Ao A Nac
3 a



=91.0 + 426.16 —126.45

o
AcH,coon

At coon = 390.71S em’ mol™

& The molar conductivity of 0.007 M

acetic acid is 20 S cm? mol .

What is the dissociation constant

of acetic acid ? Choose the correct

option.

[A} =350S cm? m02|‘1, 1

! CH;C00™ PoSem moI!NE]ET 2021]

(a)1.76 10" “ mol ™' L~

(b)2.50 x10™“ mol~'L™!

(c)1.75x107% mol™' L™

(d)2.50 x107% mol~'L™!

Ans. (¢)

Acir coon =20 Sem’ mol™

Concentration of CH;CO0H,C =0.007M
A, =3508 cm? mol™!

° _ 2 -1
)\CHSCOO_ =50Scm® mol

According to Kohlrausch’s law,

o o o
= +
}\CHSCOOH )‘H* }‘CHscoo’

ACh ,coon =350 + 50

=400S cm’” mol™
Degree of dissociation,
o= )\CHSCOOH
)‘EHSCOOH
:E:L:O 05= 5)(]0
400 20

CH;CO0H == CH,C00™ +H"
t=0 C - -
t=te, C-Ca Ca Ca

Equilibrium constant,
o G’ _ Lo’
C(l-a) 1-a

Asa<<T;1-a=1
k=Co’ =0.007 %(0.05)
=0.007x25x10™"
=1.75x107° mol L

On electrolysis of dilute sulphuric
acid using platinum (Pt) electrode,
the product obtained at anode will

be [NEET (Sep.) 2020]
(a) oxygen gas (b)H,Sgas
(c)S0, gas (d)hydrogen gas

Ans. ()

DiluteH,S0, containsH,S0, andH,0and
they show electrolytic dissociation as,

HS0, O 2H% S05°

Strong electrolyte
asitisdilute

HO==H" + OH"
Reaction at cathode (Pt)
H +2e" O H,
Reaction at anode (Pt)
4OH-4e” O Oj+ 2H0
We get, 0, gas at anode.

08 The number of Faradays (F)

required to produce 20 g of
calcium from molten CaCl, (Atomic
mass of Ca=40g mol ") i s
[NEET (Sep.) 2020]

(a)2 (b)3 (c)4 (d)1
Ans. (d)

CaCl, ==Ca’* + 2CI~

Molten
Atcathode Ca’* +2e” . Ca
(Reduction)
According to Faraday's first law,
Charge passed in Faraday = Gram

equivalent of product

_ Givenmass -
= xno. of e~ released

Atomic mass

_@X2 1F

40

So, one Faraday (F)is required for the
process.

E Which of the following reactions

are disproportionation reaction?
(i)2Cu™ @ Cu® +Cu?
(i) 3Mn0Z;~ +4H" - 2Mn0O;

+Mn0, +2H,0
(i) 2KMnO,, [-L K,Mn0,
+Mn0, +0,
(iv) 2Mn0j +3Mn%" +2H,00,
5Mn0,, + 4H"

Select the correct option from the
following. [NEET (National) 2019]
(a) (i), (ii)and (iii)

(b) (i), (iii)and (iv)

(c) (i)and (iv) only

(d) (i) and (ii) only

Ans. (d)

The reaction in which the same species

is simultaneously oxidised and reduced
are called disporportionation reactions.

Let us, consider the given reaction one
by one:
(i)2cu” @ cd’% cuf

The above reactionis a
disproportionation reaction as Cu(+1)
is oxidised to Cu(+2)and reduced to
Cu(0).
+6 +7 +4
(i) 3Mn05 ™ + 4H* 3. 2Mn0F MnG,
+ 2H,0
The above reactionis a

disproportionation reaction as Mn
(+6)is oxidised to MnO 2(Mn* 7)and

reduced to MnOZ(Mn)

.

(iif) ZKMnOl,ED.é KZMrﬂe4 M?@z 0,
The above reaction is not a
disproportionation reaction as Mn
(+7)is only reduced toK,MnQ, (Mn* 8)
and MnQ,(Mn*“).

(iv) 2Mno4 +3MPP T +2H0 44

o 5MnOy 4H*
The above reactionisnot a
disproportionation reaction as Mn(+7)is
only reduced toMnO, (+ 4).
Hence, option(d)is correct.

ﬁ Following limiting molar

conductivities are given as

o

_ 21—
)‘m(stol,) =xS cm“mol
° _ 2 -1
)\m(KZSOA) =yScm*“mol
° _ 2 -1
A micrcoox) =2 S cmmol

A’ (in'Scm?mol™)for CH,COOH

will be [NEET (Odisha) 2019]
(a)x=-y+2z (b)x+y=-z
(C)x-y+2 LRI

Ans. (d)

Key Idea According to Kohlrausch's law,

)\gmforAXBy :x)\g( +y)\(Bx,
where, )\Em =limiting molar conductivity
of electrolyte and )\Q(A)y+ and )\Q(B)X, are
the limiting molar conductivities of
cation(A”*)and anion (B*7),
respectively.

Given
e =2 +)\802_ =xS mol” §
gmtxzsou :2)\1* +)\gso§‘
=yScmtmol ™ ..(ii)
N(CH,CO0K) =X, coo" +\,
=zScmmol™ ..(iii)

0 o

Tofind: )\’m(CH CooH) = )\CH o0 A
The above equat|on can be’obtained by
Eq (i) _Eq.(i)

E
q. (i) + =2 5



0 + )\m(stoz,)
M(CH3COOK) 2

o o

0 Arricr,coom)

Aok, s0,)
2

%S cm? mol™

N <

:@H

< N X

+ z%S cm? mol™
2

F The molar conductivity of a 0.5

mol/dm® solution of AgNO; with

electrolytic conductivity of

5.76x107° Scm ™ at 298 K is
[CBSE AIPMT 2016, Phase I1]

) 2.88 S cm?/mol

)11.562 S cm?/mol

) 0.086 S cm?/mol

) 28.8 S cm?/mol

Ans. (b)

Key Idea The relation between molar

conductivity(A,,) and electrolytic

conductivity(k) is given as
_ k%1000
A\, =

where, Mis molarity of solution.
Given, concentration of solution,
M=0.5mol / dm®
Electrolytic conductivity,
k=5.76x10"Scm’
Temperature, T =298K

0 Molar conductivity,
A _ kx1000

m

_5.76x107° x1000
0.5

=11.52S cm?/mol

E During the electrolysis of molten

sodium chloride, the time required
to produce 0.10 mol of chlorine gas
using a current of 3 amperes is
[CBSE AIPMT 2016, Phase I1]
(a)55 minutes (b) 110 minutes
(c)220 minutes  (d)330 minutes

Ans. (b)

Key Idea This problemis based on
Faraday's first law of electrolysis which
states that when an electric current is
passed through an electrolytic solution,
the amount of substance (w), deposited at
the electrode, is proportional to the
electric charge(q) passed through the
electrolytic solution.
The formula used in the problem is
Eit
96500

where, E =gram-equivalent mass of CI~
i =current, t =time, it=q

Given,w =0.10 mol =(0.10 x71) g,
i=3A E=355

The following reactions occured,

At cathode :

+2e” _

2H,0 M- H, + 20H
At anode :

20 m2°

35.5g g
Putting all values in expression (i) we get
(0.10 x 71) :ﬁ X3 Xt

96500
or t=6433s
or t=107.22min

=110 min

1 .0
=—min
E 60 H

E The number of electrons delivered

at the cathode during electrolysis
by a current of 1Tampere in 60
seconds is (charge on electron =
160x107" C)
[CBSE AIPMT 2016, Phase I1]
(a) 6x10% (b) 6 x10%°
(c) 3.75 x10% (d) 748 x10%
Ans. (¢)
From Faraday's first law of electrolysis,
w it .
—= .A0)
E 96500
Given,i=1A;t=60s
Putting these values in Eq. (i), we get
w _ 1x60

E 96500
w 6

=Number of mole of electrons
[0 Number of electrons

6 «6.022 x10%
9650

=3.75 x10%°

ﬁ Aqueous solution of which of the

following compounds is the best

conductor of electric current?
[CBSE AIPMT 2015]

(a)Acetic acid, C,H,0,

(b) Hydrochloric acid, HCI

(c)Ammonia, NH;

(d)Fructose, Cg H;,04

Ans. (b)

Since, HCl is strong acid and dissociates

completely. Hence, it conducts
electricity best in its aqueous solution.

E When 0.1mole of Mn0? is

oxidised, the quantity of electricity
required to completely oxidise

Mn0?” toMnO0} is
[CBSE AIPMT 2014]

(a)96500C (b)2 x96500C
(c)9650C (d)96.50C
Ans. (¢)
[Tmolee™ =1F]
Mn03~ =  MnO,
(+6) (+7)

As per the equation, for Tmole oanOi',]
F of electricity is required. Thus, for 0.1
mole of Mn0%", 0.1F of electricity is
required.

Since, 1F=96500C

O 0.1F=0.1x986500C=9650C

Hence, 9650 C of electricity is required
to completely oxidise MnQ%~ toMn0;.

16 The weight of silver (at. wt. =108)

displaced by a quantity of
electricity which displaces

5600 mL of O, at STP will be
[CBSE AIPMT 2014]

(a)b.4g (b)10.8 g
(c)54.0q (d)108.0g
Ans. (d)

Since, 22400 mL volume is occupied by 1
mole of 0, at STP.

Thus, 5600 mL O, means

O  Weightof0, =%><32=8q

According to problem,

Equivalents of Ag = Equivalents of O,
_ Weight of Ag
Equivalent weight of Ag
= WOZ
Equivalent weight of 0,
Wy _ Wo,
Thg T,
1 4
O % x 1= ﬁ X 4
108 32
[“2H0 3- O 4H% 4e7]
ad W,, = 1089

G At 25°C molar conductance of

0.1 molar aqueous solution of
ammonium hydroxide is

9.54 Q~'em? mol ™" and at infinite
dilution its molar conductance is



238 Q'cm? mol™". The degree of
ionisation of ammonium hydroxide
at the same concentration and
temperature is [NEET 2013]
(a)2.080 % (b)20.800 %
(c)4.008 % (d)40.800 %
Ans. (¢)
Given, molar conductance at 0.1M
concentration,
A, =9.54Q7" e’ mol™
Molar conductance at infinite dilution,
A2 =238Q7" e mol™
We know that, degree of ionisation,
o} =)\Ti %100
C
_ 9.54
238

x 100=4.008%

E Limiting molar conductivity of

NH,OH
(i.e. Am(nm,0m ) is equal to

[CBSE AIPMT 2012]
(@) Amint,c1 + AriNach = AmiNaoh)
(b) AninaoH) + A'minac) —/\om(NHz,cn
(C)/\:n(NHAOH) + /\c;n(NH4C\) N
(d)IA :n(NHz,C\) + A Swinao) = A miNaC)
Ans. (d)

According to Kohlrausch’s law,
limiting molar conductivity of NH,OH

ANoinr,om = Nowr,on ¥ Ainaon)

o
- Am(NaC\)

19 Anincrease in equivalent

conductance of a strong

electrolyte with dilution is mainly

due to [CBSE AIPMT 2010]

(a) increase inionic mobility of ions

(b) 100% ionisation of electrolyte at
normal dilution

(c) increaseinboth,i.e. number of ions
and ionic mobility of ions

(d) increase in number of ions

Ans. (a)
k %1000

KeyldeaA =k xV=—" """~
y o Normality

On dilution, the number of current
carrying particles per cm® decreases but
the volume of solution increases.
Consequently, the ionic mobility
increases, whichin turnincreases the
equivalent conductance of strong
electrolyte.

20 The equivalent conductance of %

solution of a weak monobasic acid
is 8.0 mho cm? and at infinite
dilution is 400 mho cm?. The
dissociation constant of this acid is
[CBSE AIPMT 2009]
(b)125 x107°
(d)125 x107*

(a)125 x107°
(c)6.25 %107
Ans. (a)

C
Degree of dissociation, a = —
/\00

where, A° and A” are equivalent
conductances at a given concentration
and at infinite dilution respectively.
O a=28029x107

400
From Ostwald's dilution law (for weak
monobasic acid),

_ ca?

K,=
(1-a)

or =Ca’ (s 1>>>q)

=i(2 x1072)
32
=1.25x%x107°

Al, 0 is reduced by electrolysis at

low potentials and high currents. If
4.0% 10" Aof current is passed
through molten Al,O; for 6 h, what
mass of aluminium is produced?
(Assume 100% current efficiency,

atomic mass of Al=27 gmol™)
[CBSE AIPMT 2009]

(b)8.1x10% g
(d)1.3% 10 g

(a)9.0x10% g

(c)2.4%x10% g

Ans. (b)

Al,O4 ionises as,
ALO; — A+ AIOT

Cathode  Anode
At cathode
AP +3e” O Al
3F 279

- Mass of aluminium deposited by 3 F of
electricity =27g
[0 Mass of aluminium deposited by
4.0 x10* xB6 x3600 Cof electricity
_27x4.0 x10" xB x3600 .
3F
_27x4.0x10" x6 x3600
- 396500
=8.1x10g

22 Kohlrausch's law states that at

[CBSE AIPMT 2008]

(a) infinite dilution, each ion makes definite
contribution to equivalent conductance
of an electrolyte, whatever be the
nature of the otherion of the
electrolyte

(b) infinite dilution, each ion makes
definite contribution to equivalent
conductance of an electrolyte
depending on the nature of the other
ion of the electrolyte

(c) infinite dilution, each ion makes
definite contribution to conductance
of an electrolyte, whatever be the
nature of the otherion of the
electrolyte

(d) infinite dilution, each ion makes
definite contribution to equivalent
conductance of an electrolyte,
whatever be the nature of the other
ion of the electrolyte

Ans. (d)

Kohlrausch’s law states that “the
equivalent conductance of an electrolyte
at infinite dilution is equal to the sum of
the equivalent conductances of the
componentions.”

A, =A, A,
where, A, = equivalent conductance of
the anion

A, =equivalent conductance of the
cation

Eachion has the same constant ionic
conductance at a fixed temperature, no
matter of which electrolyte it forms a
part.

E 4.5 g of aluminium (atomic mass

27u)is deposited at cathode from
AI** solution by a certain quantity
of electric charge. The volume of
hydrogen produced at STP fromH*
ions in solution by the same

quantity of electric charge will be
[CBSE AIPMT 2005]

(a)44.8L (b)22.4L (c)N.2L (d)5.6L
Ans. (d)
From second law of Faraday

My En
m, Ey
4.5 _27/3
my 1

or my =0.5¢

~ Volume of 2gH, at STP=22.4L

O Volume of 0.5 gH, at STP
_ 22.42>< 05, 5L



ﬂ In electrolysis of NaCl when Pt

electrode is taken then H, is

liberated at cathode while with Hg

cathode it forms sodium amalgam

because [CBSE AIPMT 2002]

(a) Hgismoreinert than Pt

(b) more voltage is required to reduce
H* at Hg than at Pt

(c) Naisdissolved in Hg while it does not
dissolved in Pt

(d) concentration of H" ions s larger
when Pt electrode is taken

Ans. (b)

Sodium chloride in water dissociates as
NaCl==Na" + CI°

HO==H" +0H

When electric current is passed through
this solution using platinum electrodes,
Na® andH" move towards cathode
whereas ClI” and OH™ ions move towards
anode.
At cathode
H+ +e - H
H+H - H,
At anode
CIm - Cl+e”
Cl+Cl - Cl,
If mercury is used as cathode, H* ions
are not discharged at mercury cathode
because mercury has a high hydrogen
over voltage.Na* ions are discharged at
cathode in preference of H" ions yielding
sodium, which dissolves in mercury to
form sodium amalgam.

25 Cell reaction is spontaneous when

[CBSE AIPMT 2000]
(a) Enq is negative (b)ES 4 is positive
(c)AG°is negative (d)AG°is positive
Ans. (¢)
When the value of AG° is negative, the
cell reaction is spontaneous.
AG°=-nFE"°

where, n=number of electrons take part

F =Faraday constant

° = EMF of the cell

Thus, for a spontaneous reaction, the
EMF of the cell must be positive.

% The equivalent conductances of

Ba%* andCl™ are 127 and

76Q 'em™ eq"1 respectively at
infinite dilution. The equivalent
conductance of BaCl, at infinite
dilution will be [CBSE AIPMT 2000]
(a)139.52 (b)203  (c)279 (d)101.5

27

Ans. (a)
The equivalent conductance of BaCl, at
infinite dilution,

A, of BaCl, :%)\w of Ba?* + A, of O

:% +76=139.5

The specific conductance of a 0.1N
KCl solution at 23°C is 0.012
Q'em™. The resistance of cell
containing the solution at the same
temperature was found to be 55 Q.

The cell constant will be
[CBSE AIPMT 1999]

(a)0.142 cm™
(b)0.66cm™!
(c)0.918cm™
(d)1.12cm™
Ans. (b)

Specific conductivity,
k=0.012Q " cm™;
Resistance =55Q

K :; XI, E} = iD
resistance a rRHE
= cell constant

=55x0.012=0.66 cm™’

Q|l—Q|—

Equivalent conductance of NaCl,
HCl'and C ,H.COONa at infinete
dilution are 126.45, 426.16 and

91Q " cm?, respectively. The
equivalent conductance of
C,H.,COOHis [CBSE AIPMT 1997]
(2)201.28 Q7" cm?

(b)390.71Q7" cm?

(c)698.28 Q" cm?

(d)540.48 Q" cm?

Ans. (b)

By Kohlrausch’s law
A, forNaCl :)\Na+ +)\C|_ L)
A, forHCl =)\H+ +)‘cr i)

A for GH,COONa=A . +)\CZH5COO’(_“)
(i
So, A, for C,H,COOHcan be obtained by
adding Egs. (ii)and (iii)and then
subtracting Eq. (i)
=\, of C,H.COONa + A, of HCI
- A, forNaCl
=(91+426.16 —126.45)Q " cnf

=390.71 Q' cnt

29 AGA current is passed through a

solution of zinc sulphate for 40
min. The amount of zinc deposited

at the cathode is
[CBSE AIPMT 1996]

(a)40.65 g (b)0.4085g
(c)4.085¢ (d)65.04 g
Ans. (c)

Current,| =5A

time, t =40min =40 xB60 =2400 s
Amount of electricity passed

0=lt
0 =5x%2400
0 =12000C.
et +2e L Zn
n=2e"

From Faraday first law
W=2ZIt

Z = equivalent mass

[65.39 = mass of zinc]
_ Mass _ 65.39

e xF  2x96500

therefore, 12000 C charge will deposite
_65.39x 12000

2 x 96500
=4.0659 of zinc

gof zinc

TOPIC 3

Electronium Series,
Electrode Potential and Emf

5 Identify the reaction from following

having top position in EMF series
(Standard reduction potential)
according to their electrode
potential at 298 K.

[NEET (Oct.) 2020]
(a)Mg?* +2e" B> Mgls)
(b)Fe?* +2e” O,  Fels)
(c)AU™ +2e” O Auls)
(K" +Te” & K(s)
Ans. ()
Let us consider the segment of EMF

series (standard reduction potential) of
the given reduction half-call reactions:

Reduction half reaction E/V at 298K
(a)Mg?* +2e @ Mg -2.36
(b)Fe?* +2e 0. Fe -0.44
()AU* +3e 0. Au +140
(K" +e D K -2.93

Hence, option(c)is correct.
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The standard electrode potential

(E ™) values of

(AI** /Al Ag* / Ag, K* /K and

Cr3* /Crare—166V, 0.80V, 2.93V

and —0.74V, respectively. The

correct decreasing order of

reducing power of the metal is
[NEET (Odisha) 2019]

(a) Ag>Cr>Al>K

(b) K>Al>Cr>Ag

(c) K>Al>Ag>Cr

(d) Al>K>Ag>Cr

Ans. (b)

More negative the value of standard

reduction potential, higheris the
reduction power.

i.e. Reducing power
1

standard reduction potential

Thus, the correct decreasing order of
reducing power of the metal is

K > Al >

(Egep =—293V)  (E,;, =-166V)
Cr >Ag

(E_ 54, =7074V) (E, . /Ag=080V)

For the cell reaction,
2Fe* (aq)+ 21 (ag)Z> 2Fe?*(aq)
+1,(aq)
cell =0.24V at 298 K. The
standard Gibbs energy (A, G°) of
the cell reactionis
[Given that Faraday constant

F =96500 C mol ']
[NEET (National) 2019]

(a)—23.16 kJ mol ™" (b)46.32 kd mol™
(c)23.16 kd mol™  (d)-46.32 kJ mol ™!
Ans. (d)
The relation between £, and A,G” is as
follows:

AG =- nFEceH
For the cell reaction,

2Fe’* (aq) + 217(aq) - 2Fe* *(aq) +,(aq)

n=2
Given, F =96500 Cmol™', £, =024V
Now, we know thatA,G* = —=nFEL,,
On substituting the given values in above
equation we get

A.G* =-2mol x96500 C mol™'
x024J mol ™!
=-46320J mol™
=-4632KJ mol™’
Hence, option(d)is correct.

33
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In the electrochemical cell

ZnllZnS0, (0.01M)lI CuS0,(1.0M)
Cu, the emf of this Daniel cell is
E;. When the concentration
ZnS0, is changed to 1.0 M and
that of CuSO, changed to 0.0T M,
the emf changes to E,. From the
followings, which one is the
relationship betweenE,and E,?

( Given, g =0.059)
[NEET 2017, 2003]

(a)E,=E, (b)E,<E,
(c)E,>E, (d)E, =0 #£E,
Ans. (¢)

Thinking process Calculate the value of
E o i-e. Eyand E, by substituting the
respective given values in the Nernst
equation,
0059, [zn®*]
E log 5
noooreett)
Compare the calculated values of £, and
E, and find the correct relation.
For the electrochemical cells,
ZnlZnS0, (0.0IM)IICuS0O,(MM)ICu
Cell reaction :

Zn+Cl" @ Zr*+ Cuim 2

=E°-

cell

2+
£, po 0059 Zn
2 ol
_£e 0059 001
2 1
£,=£2-298 05 1 =(£°+0059)
2100
For cell, ZnZnS0,(IM)CuS0,(0.01M) Cu
0059, 1
£,=£°-208 5y 1
’ 2 00
E2=E°—¥|0g100
0 = (& 0.059) 0 E>E

The pressure of H, required to

make the potential of H,-electrode

zero in pure water at 298 K is
[CBSE AIPMT 2016, Phase I]

(a)107"? atm (b)107"% atm
(c)10™* atm (d)107" atm
Ans. (d)

From the question, we have an equation
H" + 27 3 Hlg)
According to Nernst equation,

£ = po_0.0881 log B,
2 [H+ ]2
0.0591 ol
=0-—"""log —2
2 (1077
[ [H]1=107]

U For potential of H, electrode to be
zero, p,, should be equal to[H" T, i.e.
107" atm.

107"
O log ———=
(10777
If the E _, for a given reaction has

a negative value, which of the
following gives correct
relationships for the values of AG®
andKq?

[CBSE AIPMT 2016, Phase II, 2011]
(a) AG°>0; Koy <1(b) AG°>0; K¢q >1
(c) AG®<0; Ky, >1(d) AG°<0; K <1
Ans. (a)

Given, E

o

cell = V€

The relation between AG®and E -, is
given as
AG°=-nF £, i)

If E,, is negative , so AG® comes out to

be positive. Again, relation between AG®

andKq is given as
AG°=-2.303nRTlogK .. (if)

From Eq. (i) we get that AG° is positive.

Now, if AG®is positive thenK, comes

out to be negative from eq (ii).

i.e. AG°>1 and Ko<

Short trick AsE°

cel
reaction is non-spontaneous or you can
say reaction is moving in backward
direction. For non-spontaneous
reaction, AG® is always positive and K
is always less than 1.

| is negative so

E A hydrogen gas electrode is made

by dipping platinum wire in a
solution of HCIl of pH=10and by
passing hydrogen gas around the
platinum wire at 1atm pressure.
The oxidation potential of
electrode would be [NEET 2013]

(a)0.059V (b)0.59 V
(c)o.n8Vv (d)1.18 Vv
Ans. (b)

For hydrogen electrode, oxidation half
reactionis

H

(1atm)
If pH=10
H =1x10"P" =1x107°
From Nernst equation,
+ 72
0.0591 Iog[H ]
P,

0

2H + 2e”
(AtpH10)

E =E°

cell cell

For hydrogen electrode, E° =



-1042
£ __0.0591 log (101 )

cell =

_,0.0591x2 0g__]
2 ]O*WD

=0.0591log 10'°

=0.0591 x 10

=0.591V

37 Standard electrode potential of
three metals X, Yand Zare -1.2V, +
0.5V and -3.0V respectively. The
reducing power of these metals will

be [CBSE AIPMT 2011]
(@)Y>X>Z7 (b)Z>X>Y
(c)X>Y>Z (d)Yy>z>X
Ans. (b)

Ey=-12V,

Ey=+05V,

E; =-3.0V,
0 7>X>Y

[~ higher the reduction potential,
lesser the reducing power. ]

38 The electrode potentials for
Cu®(ag) +e~ O- Cu'(aq)
and Cu'(ag)+e” - Cu(s)
are +0.15 V and +0.50 V
respectively. The value of

E°,. willbe

c* /Cu [CBSE AIPMT 2011]
(a)0.326V (b)0.650 V
(c)0.150 V (d)0.500V
Ans. (a)

Cl*+e O. Cu',
E° =015V, AG;y =—nEF
Cu+e” . CuEm= 050V,
NG, =-n,E,F
Cl" +2e" L Cu E= 2
AG® =-nE°F
AG°=NAG; + AG,
—nE°F ==nE,F =n,E,F
or —2E°F =—1F x0.15 +(-1F x0.50)
or —2E°F =-0.15F -0.50 F
or —2FE°=-F(0.15 +0.50)

0 E°—¥=0.325v

39 Standard electrode potential for
Sn“*/Sn?* couple is +0.15 V and
that for the Cr**/Cr couple is -0.74.
These two couples in their
standard state are connected to
make a cell. The cell potential will

be [CBSE AIPMT 2011]
(a)+0.89V (b)+0.18V
(c)+1.83V (d)+1.199V
Ans. (a)
E;nm/s”% =+0.15V
E°,. =-074V
Cr>" /Cr

E e = Eathode (RP) ~ Eanodelrr)
=0.15—-(~-0.74)
=+0.89V

40 For the reduction of silver ions with
copper metal, the standard cell
potential was found to be +0.46 V
at 25°C. The value of standard
Gibbs energy, AG° will be

(F =96500C mol ™)
[CBSE AIPMT 2010]

(a)—89.0kJ (b)-89.0J

(c)=44.5kJ (d)-98.0kJ

Ans. (a)

We know that, standard Gibbs energy,
AG° =-nFEZ,

For the cell reaction,
2Ag* +Cul CU*% 2Ag
AE® , =+0.46V

cell
AG°=-nFE,,
n=2
AG° =-2 x96500 x0.46
=-88780J
=-88.7kd=-89.0 kJ

41 Given,
()Cu? +2e” . Cu,
E°=0.337V
(i)Cu® +e” O Cu',
E°=0.153V
Electrode potential, E° for the
reaction,
Cu*+e” . Cu,willbe
[CBSE AIPMT 2009]
(b)0.90V
(d)0.38V

(a)0.52V
(c)0.30V

Ans. (a)
AG°=-nFE”°
Forreaction,
Clt+2e” @ Cu, Q)
AG°=-2 xF x(0.337
Forreaction, Cu* - CU% e, ..[i)
AG° =-1xF x(-0.153)
=+0.153F
Adding Egs. (i) and (ii), we get
Cut+e” O, CulAG°=-0.521F
AG°=-nFE”°
0 - 0.521=- nFE
O E°=0.52V

42 Standard free energies of
formation (in kd/mol) at 298 K are
-237.2,-394.4 and -8.2 for H,0(/),
CO,(g)and pentane (g),
respectively. The value of £}, for

the pentane-oxygen fuel cell is
[CBSE AIPMT 2008]

(a)1.968 V (b)2.0968 V
(c)1.0968V (d)0.0968 V
Ans. (¢)

AG of H,0(l) = =237.2kJ / mol

AG of CO,(g) = —394.4kJ / mol

AG of pentane( g) = -8.2kdJ / mol

In pentane-oxygen fuel cell following
reaction takes place

CeHyp +10H,00) 0. 5C0, +32H' +32e”

80, +32H" +32e” O 16 H,0()

C.Hp +80, 0. 5C0, +6H,00) E= ?
DG seiion = ZAG rogu6t = £ ABreaiant
=5%A6 0o, ) +6AG 4, 0) ~[AG(c 1y

+8xA6,, ]

=5x(=394.4) +6 x(237.2) —( 8.2 +0)
=-1972-1423.2 +8.2

=-3387kJ / mol
=-3387 x10° J/ mol
AG = -nFEZ,,
-3387 x 10° = —32 x96500 xE?,,
_ 3
o, = ~38387x10" _, gpgy
-32 x96500

43 0n the basis of the following E°
values, the strongest oxidising
agentis [CBSE AIPMT 2008]
[Fe(CN)g]™ — [FelCN)g]* +e™;

E°=-0.35V



Fe?* @ Fe’% e
E°=-0.77V

(a)[Fe(CN)gl*™  (b)Fe?*

(c)Fe™ (d)[Fe(CN)g]*

Ans. (¢)
Substance which have higher reduction
potential are stronger oxidising agent.
[Fe(CN)g]*" O»  [Fe(CN)g1% e,
E°=-0.35V
Fe* 0. Fe'% e, E°=-0.77V
E;xi = _E:ed
O [FelCN) 1" +e™ O [Fe(CN)g 1“7,
°=0.35V
Fe**+e~ . Fe’*, E°=0.77V
Hence, Fe® has maximum tendency to

Cell reaction

(i) Fe 0. Fe?% 2e7,
E°=0.441V

(iN2Fe* +2e~ -  2F?* E°=+0.771V

Fe+2Fe™ 0. 3Fe’, E2z 1.212V

Alternative On the basis of cell reaction
following half-cell reactions are written
At anode
Fe 0. F&?% 2e”
At cathode
2Fe® +2e” . 2Fe’*  (reduction)
So, Egy =E -E

=(+0.771) =(=0.441) = +1.212 V.

(oxidation)

o o
cathode anode

At equilibrium, E =0
Given that,
R =8.314 UK "mol™’
T =25°C +273 =298K
F =96500Candn=2
0 e, =2305x8314x298
2 x96500

_ 0.0591

cell

logg K

logp K

=0285V
0.0591

Giventhat E°
a 0295=

10 K

0295%2 _ 10
0.0591
antiloglog,; K = antilog 10
K=1x10"

log K =

reduced, so it is the strongest oxidising 46 A hypothetical electrochemical cell

45 E°

agent.

H The equilibrium constant of the

reaction,
Culs)+2Ag*(ag) O Cu®*(aq)
+2Aq(s), E°=0.46Vat 298 K
is [CBSE AIPMT 2007]
(a) 20 x 10" (b)40x10"
(c) 40x10" (d)2.4 x10"
Ans. (¢)
Culs)+2Ag* (ag) O» CUW**l(ag)
+2Ag(s)
E°=0.46Vat 298K
RT InK =nFE®

ink ="FE
RT

_2x0.48
0.0591
K =3.68x10'"® =4 x10"

InK

5. — =—0.441Vand
Fe“" /Fe

EF63+/F62+ =0.771V

the standard emf of the reaction

Fe+2Fe’* 0. 3Fe?* will be
[CBSE AIPMT 2006]

(a)0. 1MV (b)0.330 V

(c)1.653V (d)1r.212Vv

Ans. (d)

Given that E;e2+ e T -0.441V

So, Fe 0. Fe&f% 2e,
E°=+0.441V i)

and E°,, . =077V

Fe " /Fe

So, 2Fe* +2e” O, 2FT,

E°=0.771V i)

is shown below
AlAT (xM)IIB* (yM)I B
The EMF measured is + 0.20V.
The cell reaction is
[CBSE AIPMT 2006]
a)A+B" - AT +B
b)A"+B - A+B*
c)A"+e - AB"+e - B
d)the cell reaction cannot be predicted
Ans. (a)
Electrochemical cell,
ATAT (xM)IB*(yM)IB

The EMF of cellis+0.20 V. So, cell
reaction is possible. The half-cell
reactions are given as follows

(i) At negative pole

(
(
(
(

A A% e (oxidation)
(i) At positive pole
B*+e . B
(reduction)
Hence, cell reaction is
A+B" 0. A% B, E° =+020V

cell

E The standard EMF of a galvanic cell

involving cell reaction with n=2is
found to be 0.295V at 25°C. The
equilibrium constant of the
reaction would be

(Given F =96500 C mol™,
R =8.314 JK™ mol™)
[CBSE AIPMT 2004]

(a)2.0x10" (b)4.0 x10"
(c)10 %107 (d)10x10™"
Ans. (d)
By Nernst equation,
. 2303RT
Ecen = E°cey —————10gyp K

E On the basis of the information

available from the reaction.
4 2

—Al+0, - =Al,0,,

3 2 3 2-3

AG=-827kJ mol” of 0,, the
minimum EMF requireé to carry
out the electrolysis of Al,O; is

(F=96500 C mol™') [CBSE AIPMT

2003]
(a)2.14V (b)4.28V
(c)6.42V (d)8.56 V
Ans. (a)
4 2
TAI+0, O ZALO,
3 OZ 3 2-3
AG =-827 kJ mol™!
12¢”+60°” O 30,
GAPTOL M 12e”
or  2AF O Ym des
3 3
4te”+207 O 0,
AG = -nEF° (n=4)
-827 x10% J = =4 xE ° x36500
£ - 827%10°
4% 96500
E°=2.14V

49 The most convenient method to

protect the bottom of the ship
made of ironis [CBSE AIPMT 2001]
(a) coating it with red lead oxide
(b)white tin plating

(c)connecting it with Mg block

(d) connecting it with Pb block

Ans. (b)

The most convenient method to protect
the bottom of ship made of iron is white

tin plating which prevents the build up of
barnacles.



50 Standard electrode potentials are
Fe? /Fe, E°=-0.44V
Fes* /Fe?, E°=0.77V
Fe?" Fe®* and Fe block are kept
together, then [CBSE AIPMT 2001]
(a)Fe® increases
(b)Fe’* decreases

2+
(c)

= remains unchanged
e

(d)Fe?* decreases
Ans. (b)

The metals have higher negative values
of their electrode potential can displace
metals having lower values from their
salt solution.

So,Fe®* decreases.

51 Cu(ag)is unstable in solution and
undergoes simultaneous oxidation
and reduction according to the
reaction [CBSE AIPMT 2000]

2Cu” (ag) = Cu?*(ag) +Cu(s)
Choose the correct E° for above

reaction if
° .. =034V
Cu"" /Cu

and Ee,, =015V
Cu“" /Cu

(a)-0.38V (b)+0.49V(c)+

0.38V (d)-0.19V

Ans. (¢)

AG°®°=-nFE®°
From given data,
(i) Culs) O- CU*(agh 2e,

AG{) =-2(-0.34) xF
(i) cu®*(ag)+ e~ @ Cu'(aq),
AGZo =-1(0.15) xF
On addition,
Cu(s) -  Cu*lagt e,
NG =-1%xE°xF
and AG; =AGy +AG,
—ngFE°=~-nFE; —n,FE,
—E°=-2(-0.34) -1(0.15)
=(-2 x =0.34) +( =1 x0.15)
-E°=+0.68-0.15=0.53
or E°=-0.53V
Cu*(ag) == C?*(ag) + e~;
AG, = -1x(-0.15) xF
Cu*(aq)+ e~ == Cu(s);
AG, = —1x(-0.53) xF

On adding above equation we get,

2Cu" = CU*" + Cu;AG

AG =AG; +AG,

-nFE° =0.15F +(-0.53F)
—-FE°==038F
E° =038V

Thus, for the result reaction E°value is
0.38 V.

52 Which one of the following pairs of
substances on reaction will not
evolve H, gas? [CBSE AIPMT 1998]
(a)lronandH,S0, (aq)

(b)Iron and steam

(c) Copper and HCl(aq)

(d) Sodium and ethyl alcohol

Ans. (c)

Since copper is placed below hydrogen
in the electrochemical series, thus
copper does not give hydrogen with

dilute acids. While all other pairs give
hydrogen on reaction.

Fe+dil. H,SO, -

SFe+ 4H,0 -
Steam
2Na+C,H.0H O
Cu+dil. HCI [

FeSO, +H;
Fe0, +4H;

2C,H.ONa+Hy
No reaction

53 Without losing its concentration
ZnCl, solution cannot be kept in
contact with [CBSE AIPMT 1998]
(a)Au  (b)Al (c)Pb  (d)Ag
Ans. (b)

In electrochemical series, Al is placed
above Zn and all other are present below
Zn. So, aluminium displaces zinc from

ZnCl, solution. Hence, it cannot keep in
contact with Al

54 For the cell reaction,
Cu®*(Cy, aq) + Zn(s) —
Zn**(C,. aq) + Cu(s)
of an electrochemical cell, the

change in free energy (AG)at a

given temperature is a function of
[CBSE AIPMT 1998]

(a)In(Cy) (b)In(C,/Cy)
(c)In(C,) (d)In(C, +C,)
Ans. (b)
AG=-nFE”°
For concentration cell, from Nernst
equation,

E= E;eH —%In%

E.. =000V

E:ﬂmci2
nF  C
E:ﬂmci2
nF C,
c,>0,
E:ﬂmciz
nF  C,

(R, T, nand F are constant)

C
therefore, E °is based upon In -2
1

AG =-nFE®
=-nF xﬂmci
nF G
:—RTIHC—2
CW

Hence, at constant temperature Gibbs

free energy AG depends uponin —%.
1

55 E° for the cell,

ZnlZn% (ag)|ICu®* (ag)|Cuis 1.10 V
at 25°C. The equilibrium constant
for the reaction,
Zn(s) +Cu® (aq) —. Cu(s)

+Zn%" (aq)is of the order

[CBSE AIPMT 1997]

()10 (b)10?® (c)10® (d)10"
Ans. (a)
Zn(s) + CU** (aq) === Cu(s) + Zr**(aq),

Ee=+1.10V
_0.0591,

0o E° 090 K

eq

because at equilibrium, £, =0

(n=number of electrons exchanged =2)
0.0591

110=————10gy K¢q
2.20

=" =log, K

0.0691 0 "ea

Ko =antilog 37.225=1.66 x 107"/

56 Reduction potential for the
following half-cell reactions are

Zn - Zn% +2¢7,
(Eg e gy =~0-78V)

Fe . FeX 2e7,
(E°,, =-0.44V)

Fe" /Fe

The EMF for the cell reaction,

Fe? +7Zn > Zn?" +Fe willbe
[CBSE AIPMT 1996]



(a)+0.32V
(b)-0.32V
(c)+1.20V
(d)-1.20V
Ans. (a)
Egn% 1z " —0.78V
E°,, _ =-0.44V
Fe<" /Fe
Cell reaction,
Fe?" +Zn O» Znt" +Fe
Egel\ = E(ocathode) - E(oanode)
=-0.44-(-0.76)
=+032V

57 An electrochemical cell is shown

below Pt, H,(latm) [HCI (0.1 M) |

CH;COOH (0.1 M)IH,(1 atm), Pt
The EMF of the cell will not be

TOPIC 4

Arrhenius Theory, Activation
Energy and Collision Theory
of Biomolecular Gaseous
Reaction

59 In atypical fuel cell, the reactants

(R)and product (P) are
[NEET (Oct.) 2020]

(a)R :Hz(g)r OQ(Q)I P :HQOQ(/)

(b) R =H,(g), 0,(g); P =H,0(I)
(c)R=H,(g),0,(g),Cl,(g); P =HCIO,(aq)
(d)R =H,(g).N,(g): P=NH;(aq)

Ans. (b)

The reaction takes place in a fuel cell is

0 0 +1 -2
ZHz(g)+ Oz(g) R — ZHQO(I)Jr

[atanode] [atcathode] L—1
Product (P)
Reactants R

Heat energy [gets converted

58

zero, because [CBSE AIPMT 1995]

(a) EMF depends on molarities of acids
used

(b) pHof 0.1MHCland 0.1M CH,COOHis
not same

(c) the temperature is constant

(d) acids used in two compartments are
different

Ans. (b)

The EMF of the cell will not be zero

because concentration of H ions in two

electrolytic solutions is different. Mean

HClis strong acid where, acetic acid is

weak acid and gives different pH.

Standard reduction potentials at
25°C of Li* /Li,Ba®" /Ba,Na* /Na
andMg?* /Mgare -3.05, -2.90,
-2.71and -2.37 V respectively.
Which one of the following is the
strongest oxidising agent?

[CBSE AIPMT 1994]
(a) MQZ+
(b) Ba2+
(c)N
(d) L
Ans. (a)
A cation having maximum (positive) value
of standard reduction potential is the
strongest oxidising agent. Hence, Mg?*
is the strongest oxidising agent.

into electrical energy]

Hence, option(b)is the correct.

60 Zinc can be coated oniron to

produce galvanised iron but the
reverse is not possible. It is because
[CBSE AIPMT 2016, Phase ]

(a) zincislighterthaniron

(b) zinc has lower melting point than iron

(c) zinc haslower negative electrode
potential thaniron

(d) zinc has higher negative electrode
potential thaniron

Ans. (d)

The metal with higher negative standard
reduction potential, have higher
tendency to get reduced.
Zr** +2e" 0. ZmE°=-0.78V
Fe’* +2e . Fe E°=-0.44V
Here, in galvanised iron, Zn has higher
negative reduction potential means Zn
takes electrons given by iron and itself
getsreduced.
Thus, Zn works as anode and protects
iron from rusting by making iron as
cathode.

A device that converts energy of
combustion of fuels like hydrogen
and methane, directly into

electrical energy is known as
[CBSE AIPMT 2015]

(a)fuel cell

(b) electrolytic cell
(c)dynamo
(d)Ni-Cd cell
Ans. (a)

Fuel cellis a device that converts energy
of combustion of fuels like hydrogen and
methane, directly into electrical energy.
Electrolytic cell converts electrical
energy into chemical energy.

Dynamo is an electrical generator that
produces direct current with the use of a
commutator.

Ni-Cd cell is a type of rechargeable
battery which consists of a cadmium
anode and a metal grid containingNiOQ,
acting as a cathode.

6_2 A button cell used in watches

functions as following [NEET 2013]
Zn(s)+ Ag,0(s)+H,0 (/) —
2Ag(s)+Zn?* (aq)+ 20H (aq)
If half-cell potentials are
Zn% (ag)+2e~ O  Zn(s),
E°=-0.76 V
Ag,0(s)+H,0(l)+2e"

[ 2Ag(s)+20H™ (aq).E°=0.34V
The cell potential will be

(a)1.10Vv (b)0.42V
(c)0.84V (d)1.34V
Ans. (a)

Anode is always the site of oxidation
thus, anode half-cell is

Zrt*(ag) + 2~ O Zn(s), E°=-0.76V
Cathode half-cell is
Ag,0(s)+ H,0() +2e”
2Ag(s)+ 20H (aq).
E° =034V
E° = Eocathode_annode
=0.34-(-0.76)=+1.10V

cell

E The efficiency of a fuel cell is given

by [CBSE AIPMT 2007]
(a)AG/AS (b)AG/AH
(c)AS/AG (d)AH/AG

Ans. (b)

. AG
Efficiency of a fuel cell(@) === x100
y 9) A

Fuel cells are expected to have an
efficiency of 100%.



