"SECTION |

- ELECTROLYTES AND ELECTROLYSIS |

12.1° INTRODUCTION

Electrochemistry deals with the interactions of electrical energy

~with chemical species. It is broadly divided into two categories,
namely (i) production of chemical change by electrical energy
(phenomenon of electrolysis) and (ii) conversion of chemical
energy into electrical energy, i.e., generation of electnmty by
spontaneous redox reactions. In this chapter both of these aspects
will be described. All electrochemical reactions .involve transfer
of electrons and are, therefore, oxidation-reduction (redox)
reactions.

Substances which - allow the passage “of electric current
through them are called electrical conductors or simply
conductors: Those which do not allow the flow of electric current
through them are termed insulators. Electrical conductors are of
two types: S
(i) Metallic or electmmc condactars_ Conductors which

transfer eléctric current by transfer of electrons, without transfer
of any matter, are known as metallic or eléctronic conductors.
- Metals such as copper, silver, aluminium, etc., non-metals like
carbon (graphite—an allotropic form of carbon) and various
alloys belong to this class. These materials contain electrons

“which are relatively free to move. The passage of current through‘

these materials has no observable effect other than a nse in their
temperature A .
(i) Flectrolytic conductors: Conductors like aqueous
solutions- of acids, bases and salts in which the flow of electric
current is accompanied by chemical decomposition are known as

electrolytic conductors. The = substances. whose . aqueous -

solutions allow the passage of electric current and are chermcal]y
decomposed, are termed electmlytes.

The substances whose aqueous solutions do not conduct

electric ‘current are called unon-electrolytes. Solutions of cane
sugar glycerme alcohol, etc., are examples of non-electrolytes.
In order to pass the current through an electrolytrc conductor

(aqueous solution or fused electrolyte), two rods or plates
(metallic conductors) are always needed which are connected

-with-the terminals-of a battéry. These rods or plates are known as

électrodes. The electrode through which the current enters the
electrolytic solution is called the anode (positive electrode) while
the electrode through which. the current leaves the electrolytic
solution is- known as cathede (negative electrode). The
electrolytic solution conducts electricity not by virtue of flow of
electrons as in metallic conductors but as a result of movement of
charged particles called ions towards the respective oppositely
charged electrodes. The ions which carry positive charge and
move towards cathode are termed cations while ions carrying

" negative charge which move towards anode are called anions.

When these ions reach the boundary between a metallic and an
electrolytic conductor, electrons are being either attached to or
removed from the ions. Removal of electrons is termed oxidation
{de-electronation) which occurs at anode while addition of
electrons is called reduction (electronation) that takes place at
cathode. Hence, flow of electrons through the outer circuit from

.anode to cathode across the boundary is accompanied by

oxidation and reduction.

. Distinction between metallic and electrolytic conduction

Metallic conduction Electrolytic conduction

1. Electric current flows by
movement of electrons.

2. No chemical change occurs.

Electric current flows by
movement of ions.

Tons are xidised or reduced at
the «iectrodes.
. 3. It does not involve the transfer | It involves transfer of matter in
of any matter. the form of ions.
4. Ohm’slaw is followed Ohm’s law is followed.
5. Resistance increases with Resistance decreases with
increase of temperature. increase of temperature.

6. Faraday’s law is not followed. | Faraday’s law is followed.
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The process of chemical decomposition of an electrolyte by
passage of electric current through its solution is called
electrolysis.
» _ Or

Chemical change (oxidation and reduction) eccurring at
electrodes when electric current is passed through electrolytic
solution is called electrolysis.

Molecules of an electrolyte when dissolved in water split up
into ions, i ¢, into cations -and anions. On passing current, these
ions move towards oppositely charged electrodes. On reaching
the electrodes the ions lose their charge either by accepting
electrons or losing electrons and thereby deposited at the
respective electrodes or undergo a secondary change. For
~ example, when electric current is passed through a solution of
hydrochloric acid, the H" ions move towards cathode and C1™

————jons-move-towards-anode

lower than that of OH™ jons. This can be explained by some -

examples given below:

(i) Electrolysis of sodium chloride solution

The solution of sodium chloride besides Na* and C1~ ions
possesses H* and OH~ ions due to ionisation of water.
However, the number is small as water is a weak electrolyte.
When potential difference is established across the - two

. electrodes, Na* and H " ions move towards cathode and C1~ and
OH "~ ions move towards anode. At cathode H'Y ions are-

discharged in preference to Na* ions as the discharge potential of
H" ions is lower than Na* ions. Similarly at-anode, C1™ ions are
dlschaxged in preference to OH ™ ions.

NaCl=—=Na'* +CI~
H,0=—H" +OH™

l 775

e At cathode . At anddg

HCI —==H"+CI”

Cathode Anode
H*+e —>H Clm —Cl+e”
2H——H, 20—l
(Reduction) (Oxidation)

The decomposition of HCl into H, and Cl, as a result of
passage of current is termed electrolysis of HCL It is, thus, a
process in which electric current brings the chemical change.

The device in which electrolysis (chemical reaction involving
oxidation and reduction) is carried out by using electricity or in
which conversion of electrical energy into chemical change is
done is known as electrolytic cell. An electrolytic cell consists of
a vessel for the electrolytic solution or fused electrolyte and two
metallic electrodes immersed in the reaction material which are
connected to a source of electric current. The metallic electrodes
which do not react with ions or final products are called inert
electrodes. Inert electrodes are usually used in an electrolytic
cell. :

12.2. PREFERENTIAL DISCHARGE THEORY

If an electrolytic solution consists of more than two ions and the
electrolysis is done, it is observed that all the ions are not
discharged at the electrodes simultaneously but certain ions are
liberated at the electrodes in preference to others. This is
- explained by preferential discharge theory. It states that if more
than one type of ions are attracted towards a partlcular electrode,
then the one discharged is the ion which requires least energy.
The potential at which the ion is discharged or deposited on the

appropriate electrode is termed the discharge or deposition-
potential. The values of discharge potential are different for

different ions. For example, the discharge potential of H * ions is.
lower than Na™ ions when platinum or most of the other metals*
are used as cathodes. Similarly, discharge potential of C1™ ions is

"""" o —5Cl+e
2H — H, 2C1 — Cl,

Thus, Na* and OH ~ ions remain in solution and the solution
when evaporated yields crystals of sodium hydroxide.

{if) EIectronsns of copper sulphate solution” usmg
platinum electrodes

CuSO, == Cu?* + S0}~
H,O0—H" + OH"
At cathode
“Cu?®* + 26 — Cu

- At anode
20H" — H,0+ 0+ 2¢”
e 040——0,

Copper is discharged at cathode as Cu®* ions have lower
discharge potential than H* ions. OH™ ions are discharged at
anode as these have lower discharge potential than SO ions.

Thus, copper is deposited at cathode and oxygen gas is evolved at
anode.

{iit) EIectrolys:s of sodlum sutphate solutlon using
inert electrodes

Na, 80, ==2Na" + SO;~
H,0=—=H" +OH"

At cathode At anode
‘H*+e¢ —H 20H — H,0+ O + 2¢”
2H—H, 0+0—0,

Hydrogen is discharged at cathode as H* ions have lower
discharge potential than Na™ ions. OH ~ ions are discharged at
anode as these have lower discharge potential than SO?™ ions.
Thus, hydrogen is evolved at cathode and oxygen is evolved at
anode, i.e., the net reaction describes the electrolysis of water.
The ions of Na, SO, conduct the current through the solution and
take no part in the overall chemical reaction.

*When Hg is used as a cathode, Na* jons have lower discharge potential than H * ions.
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The decreasing order of dlscharge potentlal or the increasing
order of deposition of some of the ions is given below:

Fertams KJr Na™ Ca2+ Mg% 13+ anqk H*Y, Cu?,
’ Hg2+,Ag
“For-anions: 304 ,NO3,0H ,CI", Br,1” :
(iv) Electrolysis of copper suiphate soltmson using
capper-electrodes
: CuSO, == Cu?" ¢ so;

~ Atcathode, copper is deposited.‘ L

L Cu¥ 42 — Cu

FARADAY‘S LAWS OF ELEC]ROLYSES

The relatlonshlp between the quantity of electric charge passed
through an electrolyte and the amount of the substance deposxted
at the electrodes was presented by Faraday in 1834, in the form of
laws of electrolysxs )

(). Faraday’'s first law-

When an electric current is passed through an electrolyte, the
amount of substance deposited is proportional to the quaxmty of
electric charge passed through the electrolyte.

If W be the mass of the substance deposited by passing O
coulomb of charge then accordlng to the law, we have the

: e relation:

Atanode, the copper of the electrode is oxidised to Cu ™" ions’ W
or SO? ions -dissolve equivalent amount of copper of the V i OCQ o
anode. S s : ' . A coulomb-is the quantity of charge when a-current of one

ampere-is hassed-femaerseeené—Th&Hmmmt—ef—ehargﬁﬂ—-—-
( Cu Cu + Ze : cou]nmbs '

or Cu + 807 — C‘uSO4 +2e” Q = current in amperes X time in seconds |

Thus, dunzlg electrolysis, copper is transferred from ancdc to o=TXt
cathode. So, _ Welxt

(v; E@ec%miyss of sa"!ver néitra‘te sahmon usmg sﬁver
.

, AgNO3 ==Ag" +NOj
At cathode, silver is deposited. ‘

CAgt et —Ag .
At anodé the silver of the electrode is oxidised to Ag* ions

“which go into’ the solution or NOj ions dissolve eqmvalent
amount of sﬂvcr of the electrode.

Ag—AgT +e”

Ag + NO3 ———->AgNO3 +e

mm MMM&W

Aqueous o Pt
acidified CuCl, |
solation =
Molten PbBr, | Pt

Pb** + 2¢ —Pb [ 2Br —— Br, + 2¢

Sodium | Hg DNa®+2¢——2Na PCI——Cl, + 26
- chloride . o
solution

Silver nitrate Pt Agt+e—— Ag ROH —
solution,’ ) o

Lo, + H2'0 +26

Sodiuim nitrate | Pt

bH*+2——H, POH —>
* solution ‘ T

. ,'~02+H20+ 2e

o™ +26 —>Cu PCH—— Cl, + 267

where, Z is a constant, known as’ electrochemical equival_‘ent,
and is characteristic of the substance deposited.

When a current of one ampere is passed for one second Les
one coulomb (Q 1), then -

W==2Z

Thus, electrochemical equivalent can be defined as the mass
of the substance deposited by one coulomb of charge or by
one ampere of current passed for one second For example,
when a charge of one. coulomb is passed through silver nitrate
solution, the amount of silver deposited is 0.001118 g. This i is the
value of electrochenucal equwalent of sﬂver ‘

(i) Faraday s-second law-
When the same quantity of charge is passed through dlfferent
electrolytes, then the masses of different substances deposited at

- the respective electrodes will be in the ratlo of the;r equivalent.

masses. ,
i (e e )
- r —
+ - |+ - + -
: H?‘_SQ{ Soiutién CuSO4 Solution ~ AgNOg Solution

_Fig. 121 Voltameters arranged in series



ELECTROCHEMISTRY L _ | 777

- The law can be illustrated by passing same quantity of electric
current through three voltameters containing solutions  of

H,S0,, CuSO, and AgNO, respectively as shown in Fig. 12.1. .

In the first voltameter, hydrogen and oxygen will be liberated; in
the second, copper will be deposited and in the thrrd silver will
be deposited.

Mass of hydrogen

Equivalent mass of hydrogen

Mass of copper Equivalent mass of copper

or Mass.of copper _ Equivalent mass of copper
Mass of silver  Equivalent mass of silver
or Mass of silver Equivalent mass of silver -

Mass of hydrogen " Equivalent mass of hydrogen

It is observed that by passing one coulomb of electrrc charge
Hydrogen evolved = 0.00001036 g,

Fundamental unit of charge: As one g-equivalent of an
ion is liberated by 96500 coulomb, it follows that charge carried
by one g-equivalent of an ion is 96500 coulomb. If the valency of

an ion is ‘ #°, then one mole of these ions will carry a charge of nF'

. coulomb. One g-mole of an ion contains 6.02 x 10% jons. Then,

The charge carried by an ion = —————— coulomb
: : 6.02x102 -
Forn=1, _ o

The fundamental unit of charge=———

' 6.02x10%
ie., . ﬂg =1.6x 107" coulomb

6.02x 10

or ' 1coulomb *= 6.24 x 10'® electrons

Copper deposited = 0. 0003292 g,

The rate of flowing of electric charge through a conductor is

and Silver deposited =0.001118¢

These masses are in the ratio of their equivalent masses. From
these masses, the amount of electric charge required to deposit
one equivalent of hydrogen or copper or silver can be calculated.

For hydroge S S : 96500 coulomib
0.00001036
* For copper = _3L78 = 96500 coulomb
0.0003292 -
10788 96500 coutomb

For silver =
. 0.001118

This follows that 96500 coulomb of electric charge will .

deposit one g-equivalent of any substance. 96500 coulomb is
termed as one Faraday and is denoted by F.

_ Again according to ﬁrst law,
. W=ZxQ
When 0O = 96500 coulomb, W becomes gram equivalent mass

(E).

Thus, E =27x96500
or 7= _E_
96500
Z, _E,
Z, E,

called the electric current.

Electric current = E_hw .
Time
1 coulomb
1 ampere = ——— =
- 1second

Volt is a unit of electrlcal potential difference. It is deﬁned as
potentlal energy per unit charge.

1joule - 1 newton x 1 metre

1volt=

lcoulomb 1 ampere X 1 second

Electrical energy = Potential difference x Quantity of charge -
=VxQ
=V xIxt
= watt- second

(I = ampere; ¢ = second)

Faraday’-s Law for Gaseoue.-Electr_olytic Product

" We know that, W=20
=ZIt
IE- .
= -
96500 ®
where, Z =E /96500

Equation (i) is used to calculate the mass of solid substance
dissolved or deposited at an electrode.

For the gases, we use
_ Ity
96500

..(i)

*Coulpmb: Itis the umt of elecmc charge It is. the a.mount of charge that moves past any grven pomt m a circuit when a. current of 1 ampere is

supplied for one second.”
1 coulomb = lampere -second

It is also defined as thé amount of charge which is requlred to deposit by electrolysrs 0.001118 g of s11ver from a solution of silver nitrate. -
An electron has 1.6 x 107" coulomb of negative charge. Hence, one coulomb of charge is carried by 6.24 x 10'® electrons. 1 mole of electrons carry

a charge of 96500 coulomb. This quantity of charge is called Faraday.
Charge carried by 1 mole of electrons
=(6.023 x 10*) (1.6 x 10‘19)
= 96368 coulomb
= 96500 coulomb
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where, V = Volume of gas evolved at STP at an electrode (5) Manufacture of compounds: Compounds hke NaOH,
V, = Equivalent volume KOH, Na,CO,;, KClO,;, white lead, KMnO,, etc., are
‘= Volume of gas evolved at an electrode at STP by ~ manufactured by electrolysis. '
1 faraday charge " (6) Electroplating: The process of coating an inferior metal
. with a superior metal by electrolysis is known as electroplating.
\ Tilustration The aims. of electroplating are:
0,0 M=32,E=8 - : (i) To prevent the inferior metal from corrosion.
3250, = 224L at STP [ M = Molecular mass} (iiy To make it more atiractive in appearance.
8g0, = 5.6L at STP E = Equivalent mass The object to be elect'roplgted is made the cz}thode and blogk
of the metal to be deposited is made the anode in an electrolytic
Thus,V, of O, =5.6L ‘ bath containing a solution of a salt of the anodic metal. On
H,: M=2 E=1 passing electric current in the cell, the metal of the anode
2gH, =224L at STP dissolves out and is deposited on the cathode-article in the form
of a thin film. The: followmg are the requirements for fine
1gH, =112 L at STP . coating:
Thus, 7, of H, =11.2L (i) The surface—of-the-article sheﬂd%e—&ee"ﬁonrgreasy‘“—““—
Cl,i M=TI, E=353 maxter_and_113_0;@1df.:.-lay@pw'[ihe—swfaﬁte—:s»ek:an\'3t:i-wﬂih~———~
71gCl, =2241L at STP o ' chromic acid or detergents. -
355gCl, =112L atSTP : (ii) The surface of the article should be rough so that the
Thus, ¥, of Cl, =112L metal deposited sticks permanently.
~ (iil) The concentration of the electrolyte. should be so
12.4° APPLICATIONS OF ELECTROLYSIS adjusted as to get smooth coating. _ L

The phenomenon of electrolysm has wide apphcatlons The
important ones are: For , :
(1) Determination  of  equivalent  masses  of electroplating Anode -Cm""d?_‘;,, . Electrolyte

elements: According to second law of electrolysis when the Withcoroer  Ca_ Obieet ——

same quantity of electric current is passed through solutions of PP . ,36 . CusO, + dilute H,50,
salts of two different metals taken in two different cells, the Withsilver ~ Ag - Object KAg(CN),

amounts of the metals deposited on the cathodes of the two cells With nickel Ni  Object
are proportional to their equivalent masses of the respective
metals. If the amounts of the metals deposited on the cathodes be
W, and Wy respectively, then With zinc Zn  Ironobjects ZnSO,

(1v) Current density must be the same throughont

Nickel ammonium sulphate
Withgold  Au  Object  KAu(CN),

W, _ Equivalent mass of 4 With tin Sn Iron objects $n30,

Ws a Equivalent mass of B
: ' Thickness of Coated Layer

Let the dimensions of metal sheet to‘ be coated be
{(acmXx b cm).

Knowing the equivalent mass of one metal, the equivalent
mass of the other metal can be calculated from the above
relationship. The equivalent masses of those non-metals which

are evolved at anodes can also be determined by this method. Thickness of coated layer = c cm ,
(2) Electrometaliurgy: The metals like sodium, potassium, Volume of coated layer = (a x b x c)em
magnesium, calcium, aluminium, etc., are obtained by Mass of the deposited substance = volume x density
electrolysis of fused electrolytes. , ' =(axbxc)xdg
Fused electrolyte ’ ~Metal isolated . (axbxc)xd= IXtXE
NaCl + CaCl, + KF o _ Na - » ~ 96500
CaCl, + CaF, Ca ~ Using above relation we may calculate the thickness of coated -
AL, O, + cryolite \ ' Al layer.
MgCl, (35%) + NaCl (50%) + CaCl, (15%) Mg Note: Sometimes radius of atom of deposited metal is given mstead of
e , 245 - , density, e.g,
NaOH k 3 - Na Radius of silver atom =107 em
KCl + CaCl, : ‘ K Atomic mass of Ag =108
. (3) Manufacture = of nnn-n‘letals: Non—met_als like Mass of single silver atom = __1%_23 g
hydrogen, fluorine, chlorine are obtained by electrolysis. ‘ 6.023 x 10

(4) Electro-refining of metals: The metals like copper,

) 4 )
. . . . Volume of single atom =— X R
silver, gold, aluminium, tin, ete., are refined by ¢lectrolysis. g 3
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;—:- x 314 x (107%)* cm®

-Mass of single atom
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. Exampled. Exactly 0.4 faraday electric charge is passed
through three electrolytic cells in series, first containing AgNO;,

Density of Ag = - second CuSQO, and third FeCl; solution. How many grams of
~Volume of single atom each metal will be deposited assuming only cathodic reaction in
_108/6023x10% _ o s each cell?
= m =42.82g/cm ‘ Solution: The cathodic reactions in the cells  are
3T respectively, ’
Current Efficiency AgT + e —Ag
. : ‘ 1mole 1mole
Sometimes the ammeter shows false current due fto 108g ~ IF
mechanical fault. In this case,
~ ' Cu? + 2¢° ——Cu
% current efficiency = Actual current % 100 I mole 2 ;nlc:)le
Ammeter current 63.5¢
R 3+ -
[Note : The conditions for the operating electrolytic cell are: and IFIgole + 33§016 > Fe
' AG>0 and £ < 0] 56 ¢ 3F -

ce :::z ‘§0ME §OLVED EXAMPLES\ :" oee: .

,,Example 1.
N3
Solution:

Charge on one ion of N
y =3x1.6 ><1O”19 coulomb.
one g-ion = 6.02 x10% jo
Thus, charge on one g-ion of N3
=3x1.6x10™° x 6.02x10% - -

=2.89x 105‘ ‘coulomb
- Example2. How much charge is required 1o reduce
(a)1 mole of AI** to Al and (b)1mole of MnO} to Mn™*?

Solution: (a) The reduction reaction is:

3+, 3e” -——)Al
1 mole 3 mole

Thus, 3 mole of electrons are needed to reduce 1 mole of AI**.
- Q=3xF
=3 x 96500 = 289500 coulomb
(b) The reduction reaction is:
~ MnOj; +8H* + Se”
1 mole 5 mole
O=5xF
=5x 96500 = 482500 coulomb

“Example3. How much electric charge is required to
oxidise (a) 1mole of H,0 to O, and (b) 1mole of FeO to Fe,05?

—— Mn? +4H,0

Solution: (a) The oxidation'reaction is:
H,0 — - 02 +2H" + 2e”
1 mole 2 mole

0=2xF |
= 2% 96500 = 193000 coulomb
(b) The oxidation reaction is:

FeO+ 1 H,0—1Fe,0; +H* +¢”
Q= F =96500 coulomb

Find the charge in coulomb on 1 g-ion of :

——Hence; - —Agdeposited =108-x-0:4-=43:2 }g_m_"___,____

Cu dep031ted-6—32—x(}4 127¢g

and " Fedeposited = %? x04=T747 g

- Example 5. An electric current of 100 ampere is passed
through a molten liquid of sodium chloride for 5 hours. Calculate

the volume of chlorine gas liberated at the electrode at NTP.

Solution:  The reaction taking place at anode is:

2C1°
71.0g

— (i, + 2e”

71. 0 g 2 % 96500 coulomb
"1 mole

O =1Ix1t=100x 5x 60x 60 coulomb
The amount of chlorine liberated by passing 100 x 5 x'60x 60

- _coulomb of electric charge

__ L i00xsx 60 x 60= 93264 molc
2% 96500 o

Volume of Cl, liberated at NTP = 9.3264 x 22.4 =208.91L

" Example 6. A4 100 watt, 110 volt incandescent lamp is
connected in series with an electrolytic cell containing cadmium
sulphate solution. What mass of cadmium will be deposited by the
current flowing for 10 hours?

Solution: We know that,

Watt = ampere X volt

100 = ampere x 110

Anmpere = 100
110

Quantity of charge = ampere X second
= 100, 10 60x 60 coulomb
110
The cathodic reaction is: -

Cd> +  2e
11245 2x96500C

-—Cd
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Mass of cadmium deposited by passing % X 10x 60x 60

coulomb charge -
- 1124 100 10« 60X 60= 190598
2% 96500 110
Example 7. Inan electrolyszs experzmefzz‘ a current was
passed for 5 hours through two cells connected in series. The first
cell contains a solution of gold salt and the second cell contains
copper sulphate solution. 985 g of gold was deposited in the first
cell. If the oxidation number of gold is +3 find the amount of
copper deposited on the cathode in the second cell. Also
calculate the magnitude of the current in ampere.
Solution: ‘We know that,
Mass of Au deposited _ Eq. mass of Au

Mass of Cu deposited - Eq. mass of Cua

108

So, 042= X 3%
‘ 96500
or ) t= W = 125.09 second
108x3

xample 9. What current strength in ampere will be
required to liberate 10g of chlorine from sodium chloride
solution in one hour?

Solution: Applying E = Z X 96500 (E for chlonne 35.5),
35.5=27x 96500
35.5
96500
Now, applying the formula

or Z=

63.5

W=Z><I><t

y.d

: 197
Eg.mass ol Au =—3——- ; Eg.mass of Cu =—2—-;

Mass of copper deposited

—085x B34 3 oo 47625,
2 197

Let Zbethe electrochemlcal equivalent of Cu.

E=2Zx 96500
E 63.5
or - = =
96500 2x 96300
Applying W=ZxIxt
t = 5 hour = 5x 3600 second
4,7625 ;—-@i—— X I X 5% 3600
2% 96500
o | I= 4.7625x 2% 96500 — 0.804 ampere

63.5% 5x 3600

“Example 8, How long has a current of 3 ampere to be
'applte&‘ througk a solution of silver nitrate to coat a metal
surface of 80 cm® with 0.005 mm thick layer? Density of silver is

10.5g/cm’.

Solution: Mass of silver to be deposited

= volume X density

= Area X thickness X density
Given: Area = 80cm?, thickness = 00005cm and density
. =10.5¢g/ ¢m? k
Mass of silver to be deposited = 80 x 0.0005 x 10.5
=042g '
Applying tosilver  E =Z x 96500
_ 108
965()0 ‘

Let the current be passed for £ seconds.
‘We know that, W=2ZxIxt

J

where, W-l()g, Z= , 1=60x60=73600second -
96500' :

_ 10x 96500 _

2722 - 7,55 ampere
T 35.5% 3600

~Example 10.  0.2964 g of copper was deposited on passage
of a current of 0.5 ampere for 30 minutes through a solution of
copper sulphate. Calculate the atomzc mass of copper.
(Ifaraday = 96500 coulomby

Solution: Quantity of charge passed
= 0.5% 30X 60= 900 coulomb

900 coulomb deposit copper = 0.2964 g
0.2964

96500 coulomb deposit copper = X 96500=31.78¢g

. Thus, 31.78 is the equivalent mass of copper.
At. mass = Eq. mass x Valency
=31.78x 2=63.56

. - Example 11. 19 gof molten SnCl, is electrolysed for some
time using inert electrodes until 0.119 g of Sn is deposited at the
cathode. No substance is lost during electrolysis. Find the ratio

‘of the masses of SnCl, : SnCly after electrolysis.

Solution: The chemical reaction occurring during electrolysis
is: ‘

28nCl, —>SnCl, + Sn
2x190¢g 261 ¢g 119¢g

119 g of Sn is deposited by the decomposﬁmn of 380 g of
SnCl,.
So,0.119 gof Sn is deposned by the decomposition of
380

22 %0.119 = 0380gof5n(:12
119

Remaming amount of SnCl, = (19-0.380)=18.62¢g
380 g of SnCl, produce =261 g of SnCl,
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So, 0.380 g of SnCl, produce = % x 0.380 = 0.261'g of SnC14

18. 62

Thus,the ratio SnClt, : SnCl, = —— , 71 34 1

“Example 12, 4 current of 2.68 ampere is passed for one
hour through an agueous solution of copper sulphate using
copper electrodes. Calculate the change in mass of cathode and
that of the anode. (At. mass of copper = 63.5)

Solutioni:  The electrode reactions are: ~ Nutnber of moles of Ni(NO5),, present before electrf)lysm
Cu® + 2¢”°  —Cu(Cathode) =0.5x2=19
lmole 2x 96500 C ) Number of moles of Ni{NO,), present after electrolysis
2 ' ‘ =(1.0-04140)= 0.586
Cu Cu +2¢” (Anode) Since, 0.586 moles are present in 0.5 litre,
Thus, cathode mcreww&mppcrﬂeposﬁe@m& AAAAAAAA ——Melarity-of the-solation =2x- 0586 =172/
.and the anode decreases in mass as copper-from it dissolves. g g cctrodes are used, anodic mickel will dissolve -
" Charge passed through cell = 2.68 x 60 x 60 coulomb and get deposned at the cathode. The mo]anty of the solution
: 63.5 will thus, remain unaffected.
Copper deposited or dissolved = 3% 96500 X 2.68 X 60 % 60 “Example 15. An acidic solution of Cu > salt containing
' : ‘ 3174 0.4 g of Cu®t is electrolysed until all the copper is deposited. The
e e = g

Increase in mass of cathode Decrease in mass of anode

=3.174¢g

S Example-l?; An ammeter and a copper voltameter are
connected in series through which a constant curvent flows. The
. ammeter shows 0.52 ampere. If 0.635 g of copper is deposited in
one hour, what is the percentage error of the ammeter?
(At. mass of copper = 63.5)
Selution:  The electrode reaction is:

Cu?* + 2e
Imole 2x96500C

63.5 g of copper deposited by passing charge
| - =2x96500 coulomb
0.635 g of copper deposited by passmg charge
w 0.653 coulombv

—3 Cu

= 2% 965 coulomb
= 1930 coulomb
‘We know that, 7
O=Ixt
11930=1 x 60 % 60
7121930 _ 4 536 ampere
. 3600
(0 536 0.52)
536
@xample 14." A current of 3.7ampere is passed for 6 hours
between platinum electrodes in 0.5 litre of a 2 M solution of
Ni(NO3 ), What will be the molarity of the solution at the end of

electrolysis? What will be the molarity of the solution if nickel
electrodes are used? (1F =96500 coulomb; Ni = 58.7) '

Percentage error = x 100=2.985
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. The electrode reaction is:

Ni%* + - 2e”
1mole 2x96500C

Solution:

—— Ni

Quantity of electric charge passed
=3.7x 6% 60x 60 coulomb = 79920 coulomb
Number of moles of Ni(N 0,), decomposed or nickel deposited

i K 79920 = 0.4140
2>< 965

‘electrolysis-is continiied for séven more minites with volume of

solution kept at 100 mL and the current at 1.2 amp. Calculate the
gases evolved at NTP during the entire electrolysis.

Solution: 0.4 gof Cu?t = -;—I% =0.0126 g- equivalent -

At the same time, the oxygen deposited at anode
=10.0126 g- equivalent
- % X 0.0126 = 0.00315 g-mole

‘After the complete deposruon of copper, the electrolysis will
discharge hydrogen at cathode and oxygen at anode.

The amount of charge passed = 1.2 x 7 x 60 = 504 coulomb

- ; 1
So, Oxygen liberated =
Ve "= 965

- .;82 x 0.00523 = 0.001307 g- mole

06 X 504 = '0.'00'523. g- eqhi\félent

Hydrogen liberated = 0.00523 g- equivalent
o= .—2 x 0. 00523 0. 00261 g- mole

Total gases evolved = (0.00315 + 0.001307 + 0.00261) g mole
‘ = 0.007067 g-mole
Volume of gases evolved at NTP
= 22400 x 4.007067 mL
=1583mL :
“Example 16. A current of 1.70 ampere is- passed through

300 mL of 0.160 M solution of zinc sulphate for 230 seconds with

a current efficiency of 90 per cent. Find out the molarity of Zn%
ions after the deposition of zinc. Assume the volume of the
solution to remain constant during electrolysis. (T 1991)

Selution:  -Amount of charge passed = 1.70 x 230 coulomb
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Amount of actual charge passed = % x 1.70 x 230

= 351.9 coulomb’

No. of moles of Zn deposited by passing 351.9 coulomb of

charge
—_ 1 . x 351.9=0.000182
2x 96500
3
Molarity of Zn * jons after deposition of zinc
_| 0.160 :000182x 10001M
300 1
=0.154 M

Example 17. Calculate the electricity that would be

——reguired toreduce Y23 g of nitrobenzénetoanitine; if the-current———umpere current?

e = gfficiency—for-the-process—is-50-per-cent—if-the-potential-drop - -
across the cell is 3.0volt, how much energy will be consumed?

~ JAIPMT (Mains) 2008|
Solution: The reduction reaction is:
C¢H;NO, + 3H, —C HsNI-I2 + 2H20
C123g 6g e s e e
lmole 3mole

Hydrogen requlred for reductlon of 123 -or 0.1 mole of

mtrobenzene 0.1x 3= 0.3 mole-

Amount of charge required for liberation of 0.3 mole of
hydrogen =2 x 96500 x 0.3 = 57900 coulomb
Actual amount of charge required as eﬁicwncy is 50%

= 2 X 57900 = 115800 coulomb
Energy consumed 115800 x3.0 = 3474()0 I
=3474%] .

~ Example 18. 4n agueous solution of- sodzzem chloride on
efectrae’yszs gzves H,(g). C’Sz (g)and NaOH accordmg to t}ze
reaction:
21 " (ag. )+ 2H20—>20H (aq )+ Hz(g)+ Clz(g)

A direct current of 25 ampere with a current eﬁ‘ iciency 62% is

passed through 20L of NaCl solution (20% by mass). Write down

the reactions taking place at the anode and cathode. How long
will it take to produce 1kg of Cl, ? What-will be the- molarity of the
solution with respect to hydroxide ion? Assume no loss due to
evaporation, - (T 1992)

Solution: Reactions at anode and cathode. are:

2C1" —>Cl, +2e”
2H,0+ 2¢” —— H, + 20H" (at cathode)

1000

1kgof Cl, =—— =14.08 mole
, 71.0

(at ahode) :

Charge to produce one mole ofCl2 = 2 X 96500 coulomb
Charge to produce 14.08 mole of Cl, = 2 x 96500

% 14.08 coulomb -

Eﬁ"ectlve current = % x250=155 ampere .

Charge _ 2x 96500 x14.08
Current 15.5
=175318.7 second = 48.699 hqur

OH™ ions produced = 2 x moles of Cl,

= 2% 14.08=28.16 mole

Molarity = 10 _ 2816 _, sogns
. Volume 20
Example 19. Chromium metal can be plated out from an
acidic solution contammg CrO; according to the following
reaction:

Time =

CrO3 F6H 466" —Cr+ 3H,0

Calculate the mass of chromium plated out by 24000 coulomb.
How long will it take to plate out 1.5 g of chromium using 12.5

) (TIT 1993y
-~ Solution:—€rO; + 6H+ 6e" > Cr+3H;0—
S 66X 96500 C 1 mole
52¢g
Mass of chromium plated out by 24000 coulomb charge
=32 24000=2.155¢
- 6% 96500 S : C —
Charge required for plating out 1.5 g of chromium
= @ x 1.5 =16701.92 coulomb
Time = S8 _ 1670192 15y 1 eond

Current 125

: - =22.27 minute
Example 20, Afler electrolysis  of a sodium chioride
solution with inert electrodes for a certain period of time, 600mL
of the solution was left which was found to be 1 N in NaOH.
During the same period 31.75 g of copper was deposited in the

-copper voltameter. in series with the electrolytic cell. Calculate

the percentage theoretical yield of NaOH obtained.
Solution; Equivalent mass of NaOH 40
Amount of NaOH formed = ﬂ X 600 = 24 g
1000
3175 ¢g of Cu=1 g—equlvalent of Cu.

During the same period, 1 g-equwalent of NaOH should have
been formed.

1 g-equivalent of NaOH = 40 g
% yield = 24 x 100 = 60
40

Example 21.  Peroxy disulphuric acid (HZS 203 ) can be
prepared by electrolytic oxidation of H,SO, as:
2H,50, —> H,8,05 +2H * +2¢~
Oxygen and hydrogen are by products. In such an electrolysis
972litre of H, and 2.35 litre of O, were generated at NTP. What
is the mass of peroxy disulphuric acid fomed ?
Solution: ,
Anodic reaction: 2[‘128()4 — H2 S,0 +2H T +2¢”

2H,0—>4H" + 0, +2¢”
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Cathodic reaction: 2H,0 + 2¢” —20H" +H,

OF OBJECTIVE QUESTIO!
Total equivalent of H,S,0q + equivalent of oxygen ’U.USTEATIONS O8] QUESTIONS

= Equivalent of H, 1. Amount of energy used in the passage of 1 amp current for 100
9.72 litre H2 _972 _ 0.868 equivalent sec under a potential of 115 V is: \
112 @20k  OISK (5K (d)0.115k

' Ans.
235 litre O, = 222 = 0.42 equivalent [Ans. ©)]
56 | | [Hint: Q=Ix1=1x100=100C

Equivalent of H,S,0, =(0.868 — 0.420) Energy = charge x potential

=0.448 194 . =100x115=11500J =11.5kJ]
Mass of H23208 =0.448 x - 43 456 2. One litre of 1 M CuSO, solution is electrolysed. After passing
o ) ' 2F charge, the molarity of CuSO , will be:
v ’-iExample 22. Cadmium amalgam is - prepared = by (a) M/2 (b) M/4 ©OM (d) zero

electrolysis of a solution of CdCl, using a mercury cathode. Find [Ans. (d)]
how long a.current of 5 ampere should be passed in order fo

Hint: 2F char, ill d it 2 equivalent or 1 mole of
e pmpﬂe_lZ/o_Cd_Hg_amalgam_on_a_cathode_o,ﬁlg_mercug—At [Hin chdtge WIT Copos: £ Cquivatent of ~ oe o1 Soppet

mass of Cd =112.40, R Cu** +2¢ —Cu
Selution: 2 g Hg require Cd to prepare 12% amalgam Thus, all the copper from CuSO, solution will be depos1ted and
12 : molarity of remaining CuSO, solution will be zero.]
= 38 x2=0. 273g 3. The time required to coat a metal surface of 80 cn_1 with
5% 1072 cm thick layer of silver (density 1.05 g/cm3) by
' Ccd* + - 2e” — G passing a current of 3 amp through silver nitrate solution is:
- o Amele 296500 € o  (@115sec  (b)125sec  (c) 135sec  (d) 145 sec
g
- [Ans. (b)]
Charge required to deposit 0273 gof Cd - ' [Hint:
_2 % 96500 0 273 coulomb Mass of silver in coated layer = volu_me x density
T11240° 0 T T o =(80x5x107)x1.05¢
Charge = ampere X second . ' _ =042g
. 2X96500% 0.273 _ . o w=tE
| Second. 112.40% 5 =93, 75 . 96500

: , _ W x 96500 _ 0.42 x 96500
Example 23. Assume that impure copper contains iron, . ST T IxE T 3x108
gold and silver as impurities. After passing a current of 140
ampere for 4825 second, the mass of anode decreased by
22.260 g and the cathode increased in -mass by 22.011 ‘g
Estimate the percentage of iron and-copper. originally present..
Solution:. - The increase at the cathode is due to. copper only
Hence, there is 22. 011 8 of copper and rest 1mpur1t1es of iron,
gold and silver.

=125.09 sec]

4. 4.5 g of aluminium (At. mass = 27 amu) is deposited at
cathode from ‘AI**-solution by a certain quantity of electric
charge.. The volume of hydrogen produced at STP from H*

- ionsin solutlon by the same quantity of electric charge will be:

[CBSE (PMT) 2005]
@48L  (B)224L (©112L (d56L

[Ans. (d)]
Mass of lmpuntles = (22 260 22.01 )=0. 249 g. [Hint: Number of equivalents of aluminium deposited
At anode, only copper and iron are oxidised; the gold and silver - .45
collect below anode in the form of anodic mud. _ o . LT T 0:5
. (CopperAgn d iron) —— M 42 . Numibér of equivalents of H, will also be 0.5.
) 140 x 482.5 _Volume of H, gas at STP = Number of equivalents
No. of moles of ‘metal oxidised = ————— = 0.35 : " x Equivalent volume
' 2x96500 © =05x112=56L]
No. of ‘mo]e‘s of coppet = 22.011 -03 466 5. Cost of electricity for the production of x L H, at NTP at
: T o cathode is'Rs x; then cost of production of x L. O, at NTP at
No. of moles of iron = (0.35 — 0.3466) = 0.0034 anode will be : (assume 1 mole of electrons as one unit of
: : . electricity) '
(a) 2x ddax - (c)léx (d) 32x
[Ans. (2)]

Volume of Hz Equi_valent volume of H,

- [Hint: =
Volume of O, " Equivalent volume of 0,
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x ’ 1 12
Volume of O2 5.
Volume of O, —g
“Thus, % L' O, requires Rs x for its production,

i.e,x L O, will require Rs 2x for the production.]

6. What current is to be passed for 0.25 sec for deposition of

certain weight of metal which is equal to its electrochemical

8. When a quantity of electricity is passed through CuSO,

solution, 0.16 g of copper gets deposited. If the same quantity

of electricity is passed through acidulated water, then the

~ volume of H, hberated at STP will be: (given atomic weight of

- Cu=64)

(KCET 2006)
(a) 4 cm® (b) 56 cm®  (c) 604 cm®  (d) 8 cm’
Ams.  (b)]

Hint: Number of equivalents of copper deposited = 93—1; = 0.0QS

equivalent? [AMU (Medical) 2006] Volume of H, gas at STP = 11.2x 0.005 ,
@4A  ()I00A  (c)200A (d)2A = 0.056 litre = 56 cm® | .
pns.  (a)] ’ 9. Number of faraday’s required to generate one gram atom of
Hint: W =ZIt magnesium from molten MgCl, is: [PMT. (MP) 2007]
W (@1 ®2 - ©3 @4
Z CBms. @]
. iy Hint: Mg? +2¢" —3 Mg

“T.  If the aqueous solutions of the following salts are electrolysed

for 1 hour with 10 ampere current, which solution will deposit
the maximum mass of the metal at cathode? The atomic

weights are: Fe =56, Zn =65, Ag= 108, Hf =178 and
- W =184 [PMT (Kerala) 2006}
(@) ZnS0O,” () FeCly  (c) HFCL, (d) WClg
(e) AgNO;
fns. . (e)]

#int:  Greater is the equivalent mass of the metal more will be
the amount deposﬁed at cathode.

Compound ... Equivalent mass of meta!s
ZnSO A 65/2=325

FeCl, 56/3=18.66

HECI, 178/4 = 44.5

WCl , 184 /6 = 30.66
AgNO, 108/1=108 N

. Maximum amount of silver will be deposited at cathode.]

1 mole. oﬁMgatomreqmesl_mole of electrons, i.e.,2 faraday of
- charge.] :

10: A direct current deposits 54 g of silver (Atoxmc mass = 108)
during electrolysis. How much aluminium {Atomic mass = 27)
would be deposited from aluminium chloride solution by the
same amount of electricity ? [PMT (Kerala) 2008]

{a)4S5g - —(b)Sdg--—(e) S4g-rim (d)-2:7g -
(e) 27g
fAns. (a)]

Hint: Equivalent mass of silver = 108

Equivalent mass of aluminium in (AICl,) = 332 =9
P _En
Wa En
54108
w, 9
W, =45g]

SECTION It : CONDUCTANCE AND CONDUCTORS

12 5 ARRHENIUS THEORY OF :
ELECTROLYTIC DISSOCIATION
* .
In order to. explain the propemes of electrolytic solutions,
Arrhenius put forth, in 1884, a comprehensive theory which is
.known as theory of electrolytic dissociation or jonic theory. The
main. points of the theory are:

(i) An electrolyte when dissolved in water, breaks up into
two types of charged particles, one carrying a positive charge and
the other a negative charge. These charged particles are called
ions. Positively charged ions are termed cations and negatlvely
charged as anions.

> . AB—— A +B”
NaCl — Na* +Cl™
K,S0, —> 2K* + S0

Electrolyte . ‘—Iv—’
ons

In its modern form, the theory assumes that solid electrolytes
are composed of ions which are held together by electrostatic
forces of attraction. When an electrolyte is dissolved in a solvent,
these forces are weakened and the electrolyte undergoes
dissociation into ions. The ions are solvated.

CAYBT — A +B”

or "A+B*+aq.—%A+(aq.)+B"(aq.)j

k (ii) The process of splitting of the molecules into ions of an
electrolyte is called ionisation. ‘The fraction of the total number
of molecules present in solution as ions is known as degree of
ionisation or degree of dissociation. It is denoted by ‘o’

_Number of molecules dissociated into ions
Total number of molecules

It has been observed that all electrolytes do not ionise to the
same extent. Some are almost completely ionised while others are
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feebly ionised. The degree of ionisation depends on a number of
factors (see 12.6).

(iii) Ions present in solution constantly re-unite to form neutral
molecules and, thus, there is a state of dynamic equilibrium
between the ionised and non-ionised molecules, i.e.,

AB+=—=A4" +B~
Applymg the law of mass action to above equilibrium
[4"1[B7]_
- [48]

K is known as ionisation constant. The electrolytes having
high value of X are termed strong electrolytes and those having
low value of K as weak electrolytes.

(i) Ohm’s law applicability: The ¢lectrolytic solutions
like metallic conductors obey Ohm’s law, i.¢, the strength of the
current flowing through a conductor is directly proportional to
potential difference (E) applied across the conductor and is
inversely proportional to the resistance of the conductor.
Mathematically,

I=E/R

This can only be possible ifaions are already present in the
solution and no part of the current is used in splitting up the
molecules into ions. The current has only directive effect on the
ions. ’ : :

(iif) lonic reactions: Evidence for the existence of ions in
aqueous solutions of electrolytes is furnished by well known
reactions in- inorganic chemistry. A white precipitate of silver
chloride is obtained whenever Ag" ions come in contact with

(iv) When an electric current is passed through the

_chloride ions.

electrolytic solution, the positive ions (cations) move towards
cathode and the negative ions (anions) move towards anode and
get discharged, i.e, electrolysis occurs.

~ The ions are discharged always in equivalent amounts, no
matter what their relative speeds are.

- (v) The electrolytic solution is always neutral in nature as the
total charge on one set of ions is always equal to the total charge
on the other set of ions. However, it is not necessary that the
number of two sets of ions must be equal always.

AB == 4% + B~ (Both iens are equal)
NaClz==2Na* + CI”
AB, == A" + 28"

BaCl, = Ba® + 2CI’
A,B==24"% + B*
Na,S0, == 2Na" + SO}

(vi) The properties of electrolytes in solution are the
properties of ions present in solution. For example, acidic
solution always contains H* ions while basic solution contains
OH ™ ions and characteristic properties of solutions are those of
H™ ions and OH ~ ions respectively.

(vn) The ions act like molecules towards depressing the
freezing point, elevatmg_the,boﬂmg point, lowering the vapour
pressure and establishing the osmotic pressure.

(viii) The conductivity of the electrolytic solution depends on
the nature and number of ions as the current is carried through
solution by the movement of ions.

{Both ions are equal)
(Anions are double that of cations)

. {Anions are double that of cations)
{Cations are double that of anions)

(Catiovs are double that of anions)

Evidences in Favour of lonic Theory

A large number of experimental observations are available
which support Arrhenius theory. A few of them are given below:

(i) Tons present in solid electrolytes:
studies have shown that electrolytes are composed of ions. For
example, a crystal of NaCl does not contain NaCl units but Na™
and C1” jons. Each Na™ ion is surrounded by six C1™ ions and
each CI” ion in turn is surrounded by six Na™ ions. The whole
system is composed of equal number of Na* and CI” ions. The
ionic compounds behave as good conductors in fused state. It can
only be possible if ions are already present in ionic solids.

X-ray diffraction .

Ag" +NO; +Na™ +C1 ——>AgCl+Na* +N()3
ppt.

But no precipitation occurs when AgNOQ; solution is added to
CCl,, CHCl; or C,HCl as these substances being
non-electrolytes do not furnish-CI ™ ions in selution, - - -~ -

~ An acid which gives all tests of H* ions in aqueous solution,
does not give the same tests when dissolved in any organic
solvent because no ionisation of the acid occurs in the organic
solvent to furnish H * ions.

(iv) Heat of neutralization: When one gram-equivalent of
a strong acid is neutralized by one gram-equivalent of a strong
base, the heat evolved is always the same, i. e, 13.7 kcal. This can
be explained on the basis of Arrhenius theory that an acid
furnished H * ions and base OH ~ ions when dissolved in water
and the process of neutralisation involves the common reaction.

H' + OH" ==H,0+ 13.7keal

Thus, heat of neutrahsatlon is actually the heat of formation of

"H,Ofrom H" and OH" ions.

(v) Abnormal colligative properties: The abnormal
behaviour towards colligative properties as observed in the case
of electrolytes can be explained on the basis of ionic theory.
When an electrolyte is dissolved in water, the number of particles
in the solution is always more than the number of molecules
actually dissolved due to ionisation. The van’t Hoff factor,

_ Observed colligative property

Calculated colligative property

is always more than one, i.e.,i= 1+ (n—1)a where, ‘n’ is the
number of ions produced by the ionisation of one molecule of the
electrolyte and ‘e’ is the degree of ionisation.

(vi) Colour of solutions: The colour of the electrolytes in
solution, if any, is due to their ions. The CuSOj is blue in solution
due to the presence of Cu”' ions. Potassium permanganate
(KMnQ, ) is purple in solution due to the presence of MnO}, ions.

(vii} Explanation of some other phenomena: lonic theory
provides satisfactory explanations regarding various phenomena
such as electrolysis, conductivity, salt hydrolysis, solub111ty
product, etc.
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Limitations of Arrhemus Theory

(i) Ostwald’s dilutmn law which is based on Arrhenius theory

. is not applicable to strong electrolytes.

(i) Strong electrolytes conduct electricity in fused state iLe,in
absence of water. This is in contradiction of Arrhenius theory

according to which the presence of solvent is a must for jonisation.

(iii) Arrhenius theory assumes independent existence of ions
but fails to account for the factors which influence the mobility of
the ions.

i2/%6: FACTORS PERTAINING TO DEGREE
OF IONISATION

The degree of ionisation of an electrolyte in solution depends
upon the following factors

npa

Specific Conductance or Conductivity

The resistance of any conductor varies directly as its length (/ ) '
and inversely as its cross-sectional area (a},i.e.,

Rectorkr=pl .. (if)
a a

where, p is called the specific resistance.
If /=1cm and a = 1¢m?, then

R=p ... (iii)
The speeific resistance is, thus, defined as the resistance of
one centimetre cube of a conductor.

The reciprocal of specific resistance is termed the specific
conductance or it is the conductance of one centimetre cube of a
conductor.

It is denoted by the symbol k. Thus,

&

__moleCMe_oiasubsmme areheldmone,hy_covalentbondlngihan

K=— , K =kappa—The specific conductance ... (iv)
p .

by electrovalent bonding, less ions are furnished in solution.
Such substances are termed weak electrolytes. H,S, HCN,
NH,OH, CH,COOH are examples of this class. NaCl,
Ba(NO;),, KOH, etc., are strong electrolytes, in which the

transfer of electrons seems to be more or less complete, furnish
‘ons immediately when dissolved: Str ong electrolytes are almost -

completely ionised in solution.

(ii) Nature of solvent: The main function of the solvent is
to weaken the electrostatic forces of attraction between the two
ions and separate them. The force of attraction holding the ions
together in any medium is expressed as:

' F=l® 2‘1 2
o >
where, X is the dielectric constant of medium.

Any solvent which has high value of dielectric constant has
the capacity of separating ions. Water is considered to be the best
solvent as it has the highest dielectric constant. The dielectric
constants of some of the solvents are given below at 25°C.

Water  Methyl alcohol  Ethyl alcohol ~ Acetone
81 35 27 21

(iii) Dilution: The extent of ionisation of an electrolyte is
inversely proportional to the concentration of its solution. Thus,
degree of ionisation increases with the increase of dilution of the
solution, i.e, decreasing the concentration of the solution.

(iv) Temperature: The degree of ionisation increases with
the increase of temperature. This is due to the fact that at higher
temperature molecular speed is increased which overcomes the
forces of attraction between the ions.

ELECTROLYTIC CONDUCTANCE

The conductance is the property of the- conductor (metalhc as

[l

well as electrolytic) which facilitates the flow of electricity -

through it. Tt is equal to the reciprocal of ré‘siStar_iée,; ie,
k Conductance=——~———=—7 R )
« Resistance R )
It is expressed in the unit called rec1proca1 ohm (ohm' or
mho) or s1emens

Sl)eciﬁc conductance is also called conductivity.
From eq. (ii), we have

4
K:.i}(C L._l_:
a

cell constant)
a B

"~ or  Specific conductance = conductance X cell constant

In the case of electrolytic solutions, the specific conductance
is defined as the conductance of a solution of definite dilution
enclosed in a cell having two electrodes of unit area separated by
one centimetre apart as shown in Fig. 12.2.

The unit of specific conductance is ohm™ ¢m™

Fig. 12.2 Representation of specific conductance

Equivalent Conductance -

_ One of the factors on which the conductance of an electroly’uc
solution depends, is the concentration of the solution. In order to
obtain comparable results for different electrolytes it is
necessary to take equivalent conductances.

Equivalent conductance is defined as the conductance of all’
the ions produced by one gram-equivalent of an electrolyte in a
given solution. It is denoted by A.

To understand the meaning of equivalent conductance, imagine a
rectangular trough with two opposite sides made of metallic
conductor (acting as electrodes) exactly 1 cm apart, If 1cm® (1 mL)
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\

Its unit is ohm™ ¢m? mol . .
. o s Molar conductance -
Equivalent conductance = -
~ X n
_ Molecular mass
where, alivduhuh———

Eqmvalent mass

Measurement of COnductance .
It is now known to us that when the solution of an electrolyte
is taken between two parallel electrodes of cross-sectional area
a’ and ‘I’ cm apart, then the specific conductance, , should be:

/ 11
K T — ——
AC / Thus, knowing the values of R,/ and a, the specific
- conductance can be measured. The resistance of the solution
o /./ between two parallel electrodes is determined by using
C'o,;‘,\ " Wheatstone bridge method. The diagram of the apparatus is
Fig. 12.3 shown in Fig. 12.4. 4B is a uniform wire and X is a sliding

solution containing 1 gram-equivalent of an electrolyte is placed in

this container and conductance is measured.
According to definitions, .. . oo i e
Conductance = Specific conductance (K )
= Equivalent conductance (A) ‘
If the solution is diluted to say (9em’) (9mL), the
conductance of the solution will be the same but specific
.conductance becomes 1/9 th as it contains mine cubes. The
conductance is also equal to the equivalent conductance because
the solution still has 1 g- equxvalent of the electrolyte This is
shown in Fig, 12.3. Thus, :
“Equivalent conductance A)= 9 XK
In general,

A=xxV . : (V)
where V is the volume in mL containing 1 g-equwalent of the
electrolyte. ,

In case, if the concentratxon of the solution i is ¢ g- equwalent

per litre, then the volume contalnmg 1 g- equwalent of the

electrolyte will be 1000/ c.
So, equivalent conductance,-

A=x 100 o (VD)
C.
A ox L000 ,
N .

where, N = normahty ,
The unit of equivalent conductance is ohm™ cm? eq ™.
Molar Conductance

The molar conductance is defined as the conductance of all the
ions produced by ionisation of 1 g-mole of an electrolyte when
present in ¥ mL of solution. It is denoted by p.

Molar conductance p =k XV o (vid)
where, V is the volume in ml containing 1 g-mole of the
electrolyte. If ¢ is the concentration of the solution in g-mole per
litre, then

1000
C

contact which moves over it. C is the conductivity cell containing
the solution of the electrolyte and S represents the source of
alternating current. R is the resistance box and T is a headphone

to-detect.-the. flow.of current.- A suitable-résistance-is taken-out— -

from the resistance box and the sliding contact X is moved on the
wire to search a point of minimum sound i in the headphone At
this point, the bridge is balanced. ‘

_ Resistance XB _ Length XB
Resistance X4 Length X4

Resistance of solution

Resistance from resistance box

Thus, resistance of solution can be determined. Reciprocal of
this resistance gives the conductance of solution.

Direct current (DC) cannot be used because it produces two
complications.

(i) Change in the concentration of the solunon occurs due to
electrolysis which will change the resistance.

(i) Polarisation at the electrodes- sets in whlch also changes
the re51stance ‘

Reenstance box

solution

Telephone
head

8000

00

Thervnoslal»

: LQQQQQQQ)—~—Seeondary

L — —anary
- |
Induction coil .
Fig. 124 Determmatlon of conductiv ty

Thus, an altematmg current (AC) is used to overcome the
above complications.

The solution whose conductance is to be measured is taken in
a special type of cell known as conductivity cell: Various types of
cells are shown in Fig. 12.5. The electrodes consist of platinum
discs coated with finely divided platinum black and welded to
platinum wires fused in two glass tubes. The glass tubes contain
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mercury and are.firmly fixed in the cover of cells. Contact with
the platinum is made by dipping the copper wires of the circuit in
the mercury contained in the tubes. As the conductivity changes
with temperature, the cell- is usually placed in a constant
temperature bath during the experiment. Cells with long paths are
used for concentrated solutions and cells with short paths and
large electrodes are used for dilute solutions.

43x10”% ohm™. For ordinary purposes, double distilled water
may be used.

Effect of Dilution on Equivalent (:onductance

The value of equivalent conductance increases with dllutlon
This is due to the fact that degree of ionisation increases with
dilution thereby increasing the total number of ions in solution.
Solution which contains large number of ions compared to
another solution of the same concentration at the same
temperature has more conductance and is said to be stronger
electrolyte. The one which has relatively small number of ions is
called a weak electrolyte. The number of ions from an
electrolyte depends on the degree of dissociation. The curve (Fig.
12.6) shows the variation of the equivalent conductance of some
electrolytes with dilution. It shows that electrolytes behave in two
ways on dilution:

iy oL
7

(i) Electrolytes like KCl have high value of conductanceeven

N =~
T ~

(a) ® ()
, Fig. 125 Conductance cells
Cell Constant

...Since, the electrodes are not exactly 1 _unit.apart-and may not
possess a surface area of 1 square unit, the measured resistance
does not give the specific conductance, of the solution. Actual
measurements of / and a being inconvenient, an indirect method

is employed to determine the value of ! which is a constant
a
quantity for a particular cell and is known as cell constant. We
know that,
" Specific conductance [

= — = Cell constant
Conductance a

The resistance of cell, i.e., conductance is measured when
filled with a standard solutmn (say N/10KCI solution}) at a given
temperature. The standard values of specific conductance of KC1
solutions of various concéntrations at different temperatures are
known. Thus, the cell constant is calculated by using the above
equation. The same cell constant applies to a measurement with
any other solution.

The determination of specific conductance of an electrolytic
solution, thus, consists of two steps:

Step I: Determination of cell constant by using a standard Kl
solution of known concentration in the conductivity cell.

Step II: Determination of resistance of the given solution using
the same cell. The reciprocal of this gives the value of conductance.

Multiplication of conductance and cell constant gives the
value of specific condugtance of the solution. ,

In order to determine equivalent conductance or molar
conductance, the concentration of the experimental solution
should be known. In conductance measurements, the solutions
are always prepared in comductivity water which has no
conductance due to dissolved impurities. It is prepared by
distilling a number of times the distilled water to which a little
KMnO, and KOH have been added in a hard glass distillation
assembly. Such water has very low conductance of the order of

at low concentration and there is no rapid increase in their
equivalent conductance on dilution. Such electrolytes are termed
strong electrolytes. In the case of strong-electrolytes, there is a
tendency for equivalent conductance to approach a limiting value
when the concentration approaches zero. When the whole of the

-electrolyte has -ionised,-further -addition—of-the water -does not—

bring any change in the value of equivalent conductance. This
stage is called infinite dilution. The equivalent conductance has a
limiting value at infinite dilution and is represented by A .

_Potassium chioride

Bariﬁim chioride

Nicke! sulphate -

Equivalent conductance ——»

N Acetic acid R

ey
A4 T

Concentration —»
Fig. 12.6 Conductance curve

(ii) Electrolytes like acetic acid have a low value at high
concentration and there is a rapid increase in the value of
equivalent conductance with dilution. Such electrolytes are
termed weak electrolytes. There is no indication that a limiting
value of equivalent conductance can be attained even when the
concentration approaches zero. Thus, graphically, A,, of weak
electrolytes cannot be obtained.

It is thus concluded that equlvalent conductance of
electrolytes whether strong or weak increases with dilution and
reaches to’'a maximum or limiting value which is termed A,
(equivalent conductance at infinite dilution). A, in the case of
strong electrolytés can be obtained by extrapolation of the graph

-of equivalent conductance to zero concentration but in the case of

weak electrolytes it cannot be obtained accurately. An indirect
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method for obtaining A , for weak electrolytes has been given by
Kohlrausch.

12.8: KOHLRAUSCH’S LAW

“At infinite dilution, when dissociation is complete, each ion
makes a definite contribution towards equivalent conductance of
the electrolyte irrespective of the nature of the ion with which it is
associated and the value of equivalent conductance at infinite
dilution for any electrolyte is the sum of contribution of its
constifuent ions”, i.e., anions and cations. Thus,

A=k, +A,
The A, and 2, are called the ionic conductances of cation and

anion at infinite dilution respectively. The ionic conductances are
proportional to their ionic mobilities. Thus, at infinite dilution,

A 1w 1.
Al (80433 _g P ks _2' s03”

Molar Conductance at Infinite Dilution
A, or u” = Molar conductance at infinite dilution

=mA7, +ni”
where, mand » are number of ions formed.

UAIZ(SO4)3 2}' Al + 307 02- —6AA12(304)3

MBact, =250 +2A0 - = 205,01,

12.9  THEORY OF WEAK ELECTROLYTES

(i) Weak electrolytes are not completely ionized when dissolved

A, =ku, in a polar medium like water. There exists equilibrium between
: . ions.and-unioni
and Y T ised molecules
- . . g, > N A-E3 e 4+ y 5 B
where, », and u, are ionic mobilities of cation and anion AD A %D

respectively at infinite dilution. The value of % is equal to
96500 C, i.e, one Faraday.

Thus, assuming that increase in equivalent conductance Wlth
dilution is due to increase in the degree of dissociation of the
electrolyte; it is evident that the-eleéctrolyte-achieves the-degree of
dissociation as unity when it is completely ionised at infinite
dilution. Therefore, at any other dilution, the equivalent
conductance is proportional to the degree of dissociation. Thus,

Degree of dissociation

A _ Equivalent conductance at a given concentration
A, Equivalent conductance at infinite dilutipn

Qo =

Calculation of absolute ionic mobilities: It has been
experimentally found that ionic conductance is directly
proportional to ionic mobilities.

Ay <,
A_ecu
where; u, and u_ are ionic mobilities of cations and anions.
A, = Fu, where, F = Faraday
A_=Fu_ = 96500 coulomb
Tonic mobility = —oM¢ velocity -
Potential gradient
_ Tonic vélocity {cm/ sec)
" Potential difference {volt)/ electrode separation

Relation between Equivalent and
Molar Conductance at Infinite Dilution

o 1l se 1, .

A =T;»+ 'f'-":'}\-_ ...(l)

2 2 . _

where, z* and z~ are corresponding charges on the ions,

' | - e .

eg, AT, = 3 =Agas + i Ao .. (i)
o 1 o

AAICI:; =3 }'Al3+ +1A‘Cl ...(111)

(ii) Concept of chemical equilibrium and law of mﬁss action

can be applied to ionic equilibrium also.
AB == A% + B~

t=0 C 0 0
t U TCT=Cd TCcda Ca
eq. .
_[471[B"] _CoxCo -
[4B] C(l—a)
2
k=< (D)
I-a :
For weak electrolytes, o <<1
(d-a)=1
~ Thus, equatidn (i) can be written as:
' K =Ca?
K N
o=, ]— O § ¥
K G

From eq. (ii), it is clear that on dilution concentration
decreases, as a result of which degree of ionisation ‘e’ increases.

At high degree of ionisation both equivalent and molar -

conductance increase.
(iii) Degree of ionisation can be calculated as:

C c
A
a= Ai =" ... (iii)
A, A,
A(;; , A, = Equivalent and molar conductance at concentration <C’
A%, A, = Equivalent and molar conductance at infinite dilution.

Substituiing the values of ‘(x’ from eq. (iii) in eq. (i), we get

¢
K= Ae

AL
A%

R
AT (AT - AS)

e (iV)
1_ ,
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Similarly, _
C(AS,))
A5 (AT - AS)

m

K= o (¥)

Equations (iv) and (v) are called Ostwald equations.

;< Example 24. 1.0 N solution of a salt surrounding two
platinum electrodes 2.1 cmapart and 4.2 sg cmin area was found
to offer a resistance of 50 ohm. Calculate the equzvalent
conductivity of the solution.

Solution: Given, /=2.1cm,a = 4.2sq cm, R = 50ohm
Specific conductance, K = l -1-
a R
or 1<=—2'—1><—1-=0.01omn‘I em™

__Equivalent conductivity = K. x V.

sExample 27. The equivalent conductances of sodium
chlorza‘e hydrochloric acid and sodium acetate at infi mte
dilution are 12645, 426.16 and 910 ohm™ Vem® eq”!

respectively, at 25° C. Calculate the equivalent conductance of
acetic acid at infinite dilution.

Solution: According to Kohlrausch’s law,
A°°CH3C00N& =KCH3COO- +}\.Na+ =91.0 “"(_%)
Auar =KH+ +KCI_ =426.16 . (i)
A = Nt ¥ }“cr =12645 .. (iii)
Adding egs. (i) and (ii) and subtracting eq. (iii),
}“Cﬂacom + A'Na* + ;\'H"' + Acr - }'Na"" - xcr

=91.0+426.16- 126.45

A - + Ay = A cuycoon =390.7 ohm™ cm? eq™

CH3C00

cExaniple 28. The equivalent conductivity of N /10

solutzon of acetic acid at 25°C is 14.30hm™ cm® eq”

= the volume containing L g-equivalent =1000-mL-

So,  Equivalent conductivity = 0.01x 1000 .
=100hm™ cm? eq”"

“=.Example 25. Specific conductance of a decinormal
solution of KCI is 0.01120km™ cm™. The resistance of a cell

 containing the solution was found 16 "be"56 What is the cell

constant?

Solution: We know that,

Sp. conductance = Cell constant x Conductance

Sp. conductance

or Cell constant = ——————
. Conductance

= Sp. conductance x Resistance

=0.0112x 56=0.6272cm ™"

“ v Example 26.  The speczf c conductmty of 002M KCI
solution at 25°C is 2.768 x 107 ohm” Yem™ . The resistance of

.this solution at 25° C when measured with a particular cell was

250.2 ohm. The resistance of 0.01M CuSO, solution at 25°C

measured with the same cell was 8331 ohm. Calculate the molar
conductivity of the copper sulphate solution.
Cell constant = _Sp. cond. of KCl
Conductance of KC1
_2.768x107°
1/250.2

=2.768 x 107 x 250.2

For 0.01 M CuSO, solutlon

Sp. conductivity = Cell constant x Conductance

= 2.768% 107 X 2502 % ——
8331

Solution:

Molar conductance = Sp. cond. X —19(@ V

_2768x 107 x 2502 1000
8331 1/100

=8.3120hm™ cm? mo}g.‘l

Calculate  the a*egree of dzssoczatzon of CH, COOH zf
A°°CH3COOH is 390.71. '

Solution:
A cn,ycoon =390.71 ohm™ ¢m? eq~!

cm? eq -

e e D crcoon-5.14.3 ohm™
Degree of dissociation, o = A,Av _ 143
- A, 39071

3

= 0.0366, e, 3.66% dissociated
cample 29. A decinormal solution of NaCl has speczﬁc
condh tivity equal to 00092. If ionic conductances of Na* and
Cl™ ions at the same z‘emperature are 430 and 650 ohm™

respectively, calcuiate the degree of dissociation of NaCl
solution.

Solution:

Equivalent conductance of N / 10NaCl solution
A, = Sp. conductivity x dilution
= 00092 % 10,000= 92 ohm ™

Aw ?\,Na+ +A
- =430+ 650 108 ohm ™
Degree of dissociation, o0 = —= = % =085

o

Example 30. A4t 18°C the conductivities at mf nite
dilution of NH ,Cl NaOH and NaCl are 129.8, 217.4 and 108.9
mho respectively. If the equivalent conductivity of N /100
solution of NH,OH is 993 mho, calculate the degree of
dissociation of NH ,OH at this dilution.

Solution: Ay, =gy yt Ao =1258 (@)
Acnaon =hys + 9‘0 =2174 .G
Aonaar = AN . +A__=1089 .o (i)

Adding egs. (i) and (ii) and subtractmg eq. {iii),
XNHI + 7\cr + A‘Na* + }”OH" }‘Na’f }'cr

A’NHI + A'OH’ =129.8 +217.4 1089

AWNH4OH - 238.3 mho

It
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Degree of dissociation, o = Ay = = (,04167

11.

If rhe equivalent conductance of 1 M benzoic acid is 12.8 ohm™
cm? eq”" and if the oonduc’rance of benzoate ion and H' ions are
42 and 288.42 ohm™ cm® eq" respectively, its degree of

dissociation is: (DPMT 2005)
(a) 39% (b) 3.9%
(c)0.35% (d) 0.039%
[Ans. (b)] )
[Hint: o= Am_ 128 = 0.0387

A T (42 +288.42)
Percentage dissociation = 0.0387 x 100 = 3.9%}

— 12 Equivatent-conductances of -Na€ClL-HCl-and—-€H;€00Na—at———

13.

14.

[Ans.-(0))

infinite dilution are 126.45, 426.16 and 91 ohm™—cm® e~

respectively.- The equivalent conductance of CH,COOH at
infinite dilution would be:

(a) 101.38 ohm ™" cm? eq ™"
() 390.71 ohm™ cm? eq™"

(b) 253.62 ohm ™' em? eq”!
(d) 678.90 ohm™ cm? eq !
[Hint:  Aty,coon = Acscoona + Acr ~ Aact
‘ =91 +426.16 — 126.45
=390.71ohm™ cm® eq™' ]
The specific conductance of saturated solution of AgCl is
found to be 1.86x 107 ohm™ cm™ and that of water is

6x10°% ohm™ em™. The solubility of AgClis ...
Given, Ajyc = 137.2ohm™ cm’ eq -1

(@) 1.7x10° M B 13x107° M
(©13x107% M (d)1.3x10° M
[Ans. (b))
[Hint: K,.01 = Kaeqt solutiony ~ KH,0

=1.86x10°% - 6x107% =1.8x107° ohm™ cm™
1000
AAgCl =K x—&—

-6
S=K><1000= 1.8x10 ><1000=1.31X
Ko 137.2
The specific conductivity of N /10 KCl solution at 20°C is
0.0212 ohm™ em™" and the resistance of the cell containing
this solution at 20°C is 55 ohm. The cell constant is:

(a)4:616 cm™ (b) 1.166 cm™
(©)2.173 cm™ (d)3.324cm™
[Ans. (b)]
[Hint: x=C % -f—

A

1
A

1075 M)

=Kx—é=KxR=0.0212x55=1.166cm“']

15.

16.

17.

18.

" (¢)1.24 x 107* S m* mol™
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The resistance of 1 N solution of CH,COOH is 250 ohm;

when measured in a cell of cell constant 1.15 cm™ The .
equivalent conductance will be: SRl

(a)4.6 obm™' cm? eq”! (®920hm ™ em?eq™ i
(c) 18.4 ohm™ cm? eq”! (d)0.023 ohm™ cm? eq ! :
[Ags. (a)] '

[Hint: « = C x Ll 115=46x10" ohm™ cm™
A 250 .

1000 1000

Aezxx—gf—=4.6x10‘3x—l—-—46ohm em? eq”' ] e

Resistance of a conductivity cell filled with a solution of an -
electrolyte of concentration 0.1 M is 100 ohm. The
conductivity of this solution is 1.29 § m™'. Resistance of the
same cell when filled with 0.2 M of the same solution is 520
ohm. The molar conductivity of 0.02 A solution of the
electrolyte will be: (AI EEE 2006)
(@124 107 S m mot™ - (b) 1240°x 107 Sm
@124x10*SmPmol T

[Ans. (2)]
[Hint: K:lxi
R 4
129=L 5 L
L om
Am-me
M

(1 I) 1000
= e K | X e
R 4 M

( 19) 1000 g6
520 0.02

‘ =124 %107 S m* mol™ ]
If the molar conductance values of Ca®* and CI” at infinite
dilution are respectively 118.88 x10™ m? mho mol™ and
77.33 x10™* m? mho mol™" then that of CaCl, is:

(in m* mho mol™") (VITEEE 2007)
(2)118.88 x 107 (b)154.66 x 107

(c)273.54 x 107 (d)196.21x 107

[Ans. (c)]

[Hint: A, CaCl, = A°Ca®* + 20°CI

= (118.88 X 107) + 2(77.33 x 107%)
=273.54 x 107* m? mho mol™" ]
The molar conductivities of KCl, NaCl and KNO, are 152,
128 and 111S em® mol™ respectively. What is the molar
conductivity of NaNO;? (VITEEE 2008)
(2) 101 S cm? mol™ (b) 87 S cm’® mol ™!
(c) - 101 Scm? mol™! (d) - 391 S cm® mol ™!
[Ans. (b)]
[Hint: - Axar
=128+ 111-152=87S cm? mol™ "]

el o <
Anano, = Aract + Akno,

2-mol -
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SECTION Ill : ELECTROCHEMICAL CELL
15.10. ELECTROCHEMICAL CELL "
. NS (Flow of electrons)

Electrochemical cell is a system or arrangement in which two Zinc e- < - Copper
electrodes are fitted in the same electrolyte or in two different e(lzﬁggg;a C;"gx"t + (zI:ect:rt:oge :
electrolytes which are joined by a salt bridge. Electrochemical B e_\( athode)
cells are of two types: Zinc sulphate Salt bridge COF;pﬁTt(”)

(@) Blectrolytic coll soluon sulphate

(b) Galvanic or voltaic cell ¢ i Cott&r&é/vool (CuS0y)
(a) Electrolytic Cell ] 1 (/w ]

It is a device in which electrolysis (chemical reaction e = T
involving oxidation and reduction) is carried out by using

electricity or in which conversion of electrical energy into
chemical energy is done.

(b) Galvanic or Voltaic Cell

Anion mOJLemenL(f

It is a device in which a redox reaction is used to convert

_— Catlon movement

chemical energy into electrical energy, i.e., electricity can be
obtained with the help of oxidation and reduction reaction. The
chemical reaction responsible for production of electricity takes
place in two separate compartments. Each compartment consists
of a suitable electrolyte solution and a metallic conductor. The

_ metallic..conductor.- acts -as- an—electrode. - The -compartments- -

containing the electrode and the solution of the electrolyte are
called half-cells. When the two compartments are connected by
a salt bridge and electrodes are joined by a wire through
galvanometer the electricity begins to flow. This is the simple
form ofvoltaic cell. - '

12.11 DANIELL CELL

It is designed to make use of the spontaneous redox reaction
between zinc and cupric ions to produce an electric current
(Fig. 12.7). It consists of two half-cells. The half-cell on the left
contains a zinc metal electrode dipped in ZnSO, solution. The
half-cell .on the right consists of copper metal electrode in a
solution of CuSQ,. The half-cells are joined by a salt bridge that
prevents the mechanical mixing of the solution.
When the zinc and copper electrodes are Jomed by a wire, the
following observations are made:
(i) There is.a flow of electric current through the external
circuit. :
(i) The zinc rod loses 1ts mass while the copper rod galns in
mass.
(i) ‘The concentration of ZnSO4 solution increases while the
concentration of copper sulphate solution decreases.
(iv) The solutions in both the compartments remain
electrically neutral.

During the passage of electric current through external circuit, -
electrons flow from the zinc electrode to the copper electrode. At

the zinc electrode, the zinc metal is oxidised to zinc ions which
go into the solution. The electrons released at the electrode travel
through the external circuit to the copper electrode where they are

Fig. 12.7 Daniell cell

used in the reduction of Cu?* ions to metallic copper which is
deposited on the electrode. Thus, the overall redox reaction is:

Zn(s) + Cu™ (ag.) — Cu(s) +Zn** (ag)

Thus, indirect redox reaction leads to the production of
electrical energy. At the zinc rod, oxidation occurs. It is the anode
of the cell and is negatively charged while at copper electrode,
reduction takes place; it is the cathode of the cell and is positively
charged. . :

Thus, the above points can be summed up as:

(1) Voltaic or Galvanic cell consists of two half-cells. The
reactions occurring in half-cells "are called half-cell
reactions. The half-cell in which oxidation occurs is -
called oxidation half-cell and the reaction taking place
in it is called oxidation half-cell reaction. Similarly, the
half-cell in which reduction occurs is called reduction
half-cell and the reaction taking place in 1t is called
reduction half-cell reaction.

(i) The electrode where oxidation occurs is called anode and

. the electrode where reduction occurs is termed cathode.

: (iii) Electrons flow from anode to cathode in the external
circuit.

(iv) Overall jon movement -during the operation of the

galvanic cell shows that negative ions (anlons) move
away from cathode where they are present in excess,
towards anode, where they are needed to balance the
charge of the positive ions (cations} formed. Similarly,
cations move away from the snode where they are in
excess, towards the cathode, where they balance the
anions left in excess.
Example : An Au(NO;), solution containing a gold
electrode is connected by means of salt bridge to a PbCl,
solution containing lead electrode. The cell can be
correctly represented as,
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- Pb
(Anode)

——
(Electrons flow)
}— Au

(Cathode)

- Salt bndge

5 Cation flow
~ Anion flow €—————

Fig. 12.8
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Difference in éiéétrolytiq cell and galvanic cell

Eieétrolyﬁc cell

Galvanic cell

Electrical  energy s
converted into chemical
energy.

Anode is posmve elec-
trode. Cathode is negatlve

Chemical energy is converted into
electrical energy.

Anode is negative  electrode.
Cathode is positive electrode.

electrode. A
3. lIons are dischargéd on | lons are discharged only on the
both the electrodes. cathode.

4. If the electrodes are inert, | Concentration of the anodic
concentration  of  the | half-cell increases while that of
electrolyte decreases | cathodic half-cell decreases when
when the electric current | the two electrodes are joined by a
is circulated. wire.

5. Both the electrodes can be | The electrodes  are fitted in

fitted —in- f.he—%—&ﬂﬁenb%mpamm.

{v) Chemical energy is converted into elecmcal energy.
(vi) The netreaction is the sum of two half-cell reactions. The

reactions in Daniell cell can be represented as:
Ox:datmn half reactlon, Zn(s) — Zn i (ag.) +2e”

Reduction half reaction,Cu >*{ag.) + 2e~ —— Cu(s)

Net reaction Z‘n(s)4 +Cu? {aq.} ——Zn 2+ (aq.) + Cu(s)

Electrode Signs
The signs of the anode and cathode in the voltalc or galvamc
cells are opposite to those in the elecirolytic cells (Fig. 12.9).
ELECTROLYTIC CELL VOLTAIC OR GALVANIC CELL
(emf is applied to cell} {emf is generated by cell)
!

] | S

Partition —

Anode - Cathode Anode ~ Cathode
Fig. 12.9
Electrolytic ceﬂ ’ Voltmc or Galvanic cell' )
_ Anode . Cathode | ~Anode - Cathode
Sign + - - Co+
Electron flow out " in i out in
_Half reaction| _oxidation __reduction | oxidation reduction

12. 12 SALT BRIDGE AND ITS SIGNIFICANCE

Salt bridge is usually an inverted U-tube filled with concentrated
solution of inert electrolytes. An inert electrolyte is one whose

they react chemically with the electrolytes in the two half-cells.
Generally salts like KCI, KNO,; ,NH,NO,, etc., are used. For the
preparation of salt bridge, gelatin or agar-agar is dissolved in a
hot concentrated aqueous solution of an inert electrolyte and the
solution thus formed is filled in the U-tube. On cooling the
solution sets in the form of a gel in the U-tube. The ends of the
U-tube are plugged with cotton wool as to minimise diffusion
effects. This is used as a salt bridge.

Significance of salt bridge: Thé following are the functions
of the salt bridge:

(i) It connects the solutions of two half-celis and completes

the cell circuit.

(i) It prevents transference or d1ﬁ’us10n‘0f the solutions from—-ﬁ

one half-cell to the other.

(iii) It keeps the solutions in two half-cells electrically
neutral. In anodic half-cell, positive ions pass into the solution
and there shall be accumulation of extra positive charge in the
solation around the anode which will prevent the flow of
electrons from anode. This does not happen because negative
lons are provided by salt bridge. Similarly, in cathodic half-cell,
negative ions will accumulate around cathode due to deposition
of positive ions by reduction. To neutralise these negative ions,
sufficient number of positive ions are provided by salt bridge.
Thus, salt bridge maintains electrical neutrality.

(iv) It prevents liquid-liquid junction-potential, ie., the
potential difference which arises between two solutions when in
contact with each other.

A broken vertical line or two parallel vertical lines in a cell
reaction indicates the salt bridge. :

Zn|Zn?* ||Cu® |Cu

Salt bridge can be replaced by a porous partition which allows
the migration of ions without allowing the solutions to intermix.

-ions.are-neither involved.in.any-electrochemical change nor do——— -
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3 REPRESENTATION OF AN ELECTRO-
CHEMICAL CELL (Galvanic Cell)

- The following universally accepted conventions are followed in
representing an electrochemical cell:

(i) The anode (negative electrode) is written on the left hand
side and cathode (positive electrode) on the right hand side. -

(il A vertical line or semicolon (;) indicates a contact
between two phases. The anode of the cell is represented by
writing metal first and then the metal ion present in the
electrolytic solution. Both are separated by a vertical line or a .
semicolon. For example,

Zn|Zn?* or Zn;Zn**

The molar concentration or activity of the solution is written
in brackets after the formula of the ion: For example,

Zn|Zn (1M) or Zn|Zn*(0.1M)

G.R.B. PHyYsICAL CHEMISTRY FOR COMPETITIONS

M(s)—>M™ (ag.)+ne”

Lol [ ) '

P~ s Eo B

Fig. 12.10 (a)

M™ (ag.)+ne” —— M (s)

-~ -~ o~

®

{1ify-Thecathode—of the-cellis represented by writing the
cation of the electrolyte first and then metal. Both are separated
bya vertical line or semicolon. For example,

u?* | Cu or Cu®*;Cu or Cu®*(1M)|Cu

(iv) The salt bridge which separates the two half-cells is

indicated-by-two-parallel-vertical-lines:-- — --—

(v) Sometimes negative and positive sagns are also put on the
electrodes.

The Daniell cell can be represented as:
_ . +
Zn | ZnSO4(aq.)|| CuSO4(aq.)| Cu

Anode Salt bridge Cathode
Oxidation half-cell Reduction half-cell
or Zn|Zn* ||Cu® [ Cu
or Zn|Zn* (M) || Cu®> (1 M)|Ca -

ELECTRODE POTENTIAL

When a metal is placed in a solution of its ions, the metal acquires
either a positive or negative charge with respect to the solution.
On account of this, a définite potential difference is developed
between the metal and the solution. This potential difference is
called electrode potential. For example when a plate of zinc is
placed in a solution having Zn?* ions, it becomes negatively
charged with respect to solution and thus a potential difference is
set-up between zinc plate and the solution. This potential-
difference is termed the electrode potential of zinc. Similarly,
when copper is placed in a solution having Cu?* jons, it becomes
positively charged with respect to solution. A potential difference
is set-up between the copper plate and the solution. The potential
difference thus developed is termed as electrode potential of
copper. The potential difference is established due to the
formation of electrical double layer at the interface of metal and
the solution. The development of negative charge (as on zinc
plate) or positive charge (as on copper plate) can be explained in
the following manner. When a metal rod is dipped in its salt:
solution, two changes occur:

i
@
@ @

_Fig.12.10(b) - _

(a) Oxidation : Metal ions pass from the electrode into
solution leaving an excess of electrons

and thus a negative charge on the electrode.
Metal ions in solution gain electrons from
the electrode leaving a positive charge on the
electrode.

(i) The conversion of metal atoms into metal ions by the
attractive force of polar water molecules.

‘ M——>M"™ +ne” ,

The metal ions go into the solution and the electrons remain on
the metal making it negatively charged. The tendency of the
metal fo change into ions is known as electrolytic solution
pressure.

(b) Reduction :

(ii) Metal ions start depositing on the metal surface leading
to a positive charge on the metal.

M™ +ne” —M
This tendency of the ions is termed osmotic pressure.

In the beginning, both these changes occur with different

speeds but soon an equilibrium is established.
MT=M" +ne”

In practice, one effect is greater than the other, if first effect is
greater than the second, the metal acquires a negative charge with
respect to solution and if the second is greater than the first, it
acquires positive charge with respect to solution, thus in both the
cases a potential difference is set-up.

The magnitude of the electrode potential of a metal is a
measure of its relative tendency to lose or gain electrons, i.e. it is
a measure of the relative tendency to undergo oxidation (loss of
electrons) or reduction (gain of electrons). The magnitude of
potential depends on the following factors:
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(i) Nature of the electrode,

(ii) Concentration of the ions in solutlon

(iii) Temperature. .

Depending on the nature of the metal electrode to lose or gain
electrons, the electrode potential may be of two types:

(i) Oxidation potential: When electrode is . negatively
charged with respect to solution, i.e., it acts as anode. Oxidation
occurs.

M-S M™ +ne”

(i) Reduction potential: When electrode is positively
charged with respect to solution, ie., it acts as cathode.
Reduction occurs.

M™ +ne” —> M o

It is not possible to measure the absolute value of the single
electrode potential directly. Only the difference in potential
between two electrodes can be measured experimentally. It is,

sealed in a glass tube as to make contact with the outer circuit
through mercury. The platinum strip and glass tube is surrounded
by an outer glass tube which has an inlet for hydrogen gas at the
top and a number of holes at the base for the escape of excess of
hydrogen gas. The platinum strip is placed in an acid solution
which has H* ion concentration 1 M. Pure hydrogen gas is
circulated at one atmospheric pressure. A part of the gas is
adsorbed and the rest escapes through holes. This gives an
equilibrium between the adsorbed hydrogen and hydrogen ions
in the solution.
- H,==2H"+2"

The temperature of the cell is maintained at 25°C. By
international agreement the standard hydrogen electrode is
arbitrarily assigned a potential of exactly £ 0.000...volt.

therefore, necessary to couple the elecirode with another

4

electrode whose potential is known. This electrode is termed as
reference electrode. The emf of the resulting cell is measured
experimentally. The emf of the cell is equal to the sum of
potentials on the two electrodes.

Emf of the cell = Eo4e + £ cathode

<~ - = Oxidation" potential of anode
+ Reduction potential of cathode

Knowing the value of reference electrode, the value of other

electrode can be determined. e -

STANDARD ELECTRODE POTENTIAL

In order to compare the electrode potentials of various electrodes,
it is necessary to specify the concentration of the ions present in
solution in which the electrode is dipped and the temperature of
the half-cell. The potential difference developed between metal
electrode and the solution of its ions of unit molarity (1 M) at
25 C (298 K) is called standard electrode potential.
According to the TUPAC convention, the reduction potential
alone can be called as the electrode potential (£ ° ), i.e.,the given
value of electrode potential can be regarded as reduction
potential unless it is specifically mentioned that it is oxidation
potential. Standard reduction potential of an electrode means that
reduction reaction is taking place at the electrode. If the reaction
is reversed and written as oxidation reaction, the numerical value
of electrode potential will remain same but the sign of standard
" potential will have to be reversed. Thus,
Standard reductlon potential = — Standard oxidation
potential
= — Standard reduction
potential

or  Standard oxidation potential

REFERENCE ELECTRODE

(Standard Hydrogen Electrode,

SHE or NHE)

Hydrogen electrode is the primary standard electrode. It consists

of a small platinum strip coated with platinum black as to adsorb
hydrogen gas. Ai)latinum wire is welded to the platinum strip and

Pt black

795

e HgO-+{agI<E
' e ,\ﬁ) RS = electrode

Fig. 12.11 Hydrogen electrode

The hydrogen electrode thus obtained forms one of two
half-cells of a voltaic cell. When this half-cell is connected with
any other half-cell, a voltaic cell is constituted. The hydrogen
electrode can act as cathode or anode with respect to other
electrode.

SHE half reaction Electrode potential
Hy, — 2H" + 2¢ 0.0 V (Anode)
2H* +26 —H, 0.0 V (Cathode)

MEASUREMENT OF ELECTRODE
POTENTIAL

The measurement of electrode potential of a given electrode is
made by constituting a voltaic cell, i.e., by connecting it with a
standard hydrogen electrode (SHE) through a salt bridge. 1 M
solution is used in hydrogen half-cell and the temperature is
maintained at 25° C. The emf of the cell is measured either by a
calibrated potentiometer or by a high resistance voltmeter, i.e.,a
valve voltmeter. The reading of the voltmeter gives the electrode
potential of the electrode in question with respect to the hydrogen
electrode. The standard electrode potential of a metal may be.

. determined as it is the potential difference in volt developed in a

cell consisting of two electrodes: the pure metal is in contact with
a molar solution of one of its ions and the standard hydrogen
electrode.
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Valve voltmeter — Zn —> Zn** +2e,
Electron flow if metal M o . A . . . -
...... . has a negative electrode E 4 oqe 18 the standard oxidation potential of zinc. This potential is
‘i ~ potential given the positive sign.
I ° 2y _
: Electron flow if metal M Eox(Zn/Zn™") =+ 0.76 volt
has a P‘;g't‘gfriig:e‘?" ode So, standard reduction potential of Zn, i.e., E°(Zn>* / Zn)
| . =—Eg, =~(+0.76 o
= Hydrogen o = ) eCton fig, ™.
Metal M - =~ 0.76 volt
) E The emf of such a cell
Molar M™ 4 1= EE=t Molar H* gives the positive value of \ ‘
\-E ________ =Rt ! standard oxidation potential Anode Cathode
ma of metal M. The standard
Fig. 12.12 reduction potential (£° )} is
S obtained by reversing the MM Hydrogen
sign of standard oxzdauon ‘ slectrode
(i) Determination of standard electrode potential of potentlal : & H*H

Zn/Zn*" electrode: A zinc rod is dipped in 1 M zinc sulphate
solution. This half-cell is combined with a standard hydrogen

electrode through a salt bridge Both the electrodes are connected

with a voltmeter as shown in Fig. 12.13. The deflection of the
voltmeter indicates that current is flowing from hydrogen

electrode to metal-electrode-or the-electrons-are hoving from zinc -

rod to hydrogen electrode. The zinc electrode acts as an anode
and the hydrogen electrode as cathode and the cell can be
represented as

Zn | Zn2+(aq.> 2H *(aq.)| Hy(g)

Anode (-) Cathode (+)
Zn——7Zn* +2¢ ;2H* +2¢” —H, T
(Oxidation) (Reduction)
R e=—
Voltmater l
N Cathode
Salt bridge o
. e H

{at 1 atm)

) ”~

1M ZnSO, ‘
Fig. 1213 Zn-H, eiectrochemical cell
The emf of the cell is 0.76 volt
* Ecar = Ennode + Ecanode
0.76=Ejy o4 + 0 OF Eppoge = +0.76V
As the reaction on the anode is oxidation, i.e.,

Fig. 12.14
(ii) Determination of standard electrode potential of
Cu®* / Cu, electrode: A copper rod is dipped in 1 M solution
of CuSO,. It is combined with hydrogen electrode through a salt
bridge. Both the electrodes are joined through a voltmeter. The

deflection of the Voltmeter indicates that current is flowing from™

copper electrode towards hydrogen electrode, i.., the electrons
are moving from hydrogen electrode to copper electrode. The
hydrogen electrode acts as an anode and the copper electrode as-a—-
cathode. The cell can be represented as

H,(g)|2H*(ag.) || Cu** (ag.)| Cu

Anode (-} Cathode (+)
Hy, —2H" +2¢ ;Cu* +2¢” — Cu
Oxidation Reduction

The emf of the cell is 0.34 volt.
.E z‘ell = E.Znode +E Zathode
0.34 = 0+ E¢ynode

Since, the reaction on the cathode is reduction, 7. . s
Cu® +2¢” —— Cu, Egypoqe is the standard reduction potential
of copper. This is given the + ve sign.
E°,i.e.,standard reduction potential of Cu?*/Cu = 0.34 volt
So, E.. (standard oxidation potential of copper) = — 0.34 volt

The emf of such a cell gives positive value of reduction

potential of metal electrode. The standard oxidation potential of

this electrode is obtained by reversmg the sign of standard
reduction potent1a1

P
P e\ectron ﬂow

/|

Anode

N\

Cathode ‘

Hy—»2H*+2e~ M™+ne”—M
Fig. 12.15
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It is thus concluded that at the metal electrode which acts as
anode with respect to hydrogen electrode (cathode), the reduction
potential is given the minus sign and at the metal electrode which
acts as cathode with respect to hydrogen electrode (anode), the
reduction potential is given the positive sign. »

The standard electrode potentials (oxidation or reduction) of
various elements can be measured by combining the elecirode in
question with a standard hydrogen electrode and measuring the
emf of the cell constituted.

12.18' EMF OF A GALVANIC CELL

Every galvanic or voltaic cell is made up .of two half-cells, the
oxidation half-cell (anode) and the reduction half-cell (cathode).
The potentials of these half-cells aré always different. On account
of this difference in electrode potentials, the electric current

U Emf

Potential difference

. It is the potential difference

between two electrodes when no
current is flowing in the circuit.

. Tt is the maximum voltage that

the cell can deliver.

. It is responsible for the steady

flow of current in the cell.

It is the difference of the
electrodé potentials of the two
electrodes when the cell is under
operation.

It .is always less than the
maximum value of voltage
which the cell can deliver.

It is not responsible for the
steady flow of current in the
cell.

1219 REVERSIBLE AND IRREVERSIBLE
CELLS

Daniell cell has the emf value 1.09 volt. If an opposing emf

' “fower potertial, i-e., from ¢

moves from the electrode at higher potential to the electrode at
ode to anode. The direction of the
flow of electrons is from anode to cathode. -
Flow of electrons
Anode ——————— Cathode

%
Flow of current

 The difference in potentials of the two half-cells is known as

the electromotive force (emf) of the cell or cell potential.
The emf of the cell or cell potential can be calculated from the

values of electrode potentials of the two half-cells constituting

the cell. The following three methods are in use:

(i) When oxidation potential of anode and reduction potential
of cathode are taken into account:

EL,; = Oxidation potential of anode
+ Reduction potential of cathode
=E. (anode) + E.; (cathode)

(i) When reduction potentials of both electrodes are taken
into account

E.,; = Standard Reduction potential of cathode
- Standard Reduction potential of anode
- EZnode

E left

o
=E Cathode

nght

(iii) When oxidation potentials of both electrodes are taken
into account: :

E.,; = Oxidation potential of anode
- — Oxidation potential of cathode
=E. (anode) — E;, (cathode)

Difference between emf and potential difference: The
potential difference is the difference between the electrode
potentials of the two electrodes of the cell under any condition
while emf is the potential generated by a cell when there is zero
electron flow, i.e., it draws no current. The pomts of difference
are given ahead:

exactly equal to .09 Volt is applied to the cell, the cell Teaction,
n+Cu*t — Cu+Zn**

stops but if it is increased infinitesimally beyond 1.09 volt, the
cell reaction is reversed.

Cu+7Zn* — 5Zn+Cu*

Such acell istermed a fé'i’ré’fs’iblé’é‘e"u."THu's,'tHé’fdlléWiﬁg atethe

two main conditions of reversibility:

(i) The chemical reaction of the cell stops when an exactly
equal opposing emf is applied.

(ii)) The chemical reaction of the cell is reversed and the
current flows in opposite direction when the opposing emf is
slightly greater than that of the cell.

Any other cell which does not obey the above two conditions
is termed as irreversible. A cell consisting of zinc and copper
electrodes dipped into the solution of sulphuric acid is
irreversible. Similarly, the cell

Zn| HZSO4(aq )| Ag

is also irreversible because when the external emf is greater than
the emf of the cell, the cell reaction,

Zn +2H* —7Zn* +H,
is not reversed but the cell reaction becomes
2Ag+2HY —2Ag* +H,

12:20.  SOME OTHER REFERENCE
ELECTRODES

Sincé, a standard hydrogen electrode is difficult to prepare and
maintain, it is usually replaced by other reference electrodes,
which are known as secondary reference electrodes. These are
convenient to handle and are prepared easily. Two 1mp0rtant
secondary reference electrodes are described here.

(i) Calomel electrode: It consists of mércury at the bottom
over which a paste of mercury-mercurous chloride is placed. A
solution of potassium chloride is then placed over the paste. A
platinum wire sealed in a glass tube helps in making the electrical
contact. The electrode is connected with the help of the side tube
on the left through a salt bridge with the other electrode to make a
complete cell. ;
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. Pt wire
] e
To salt ?
bridge|| = |
- Saturated
KClI solution B
: Hg,Cl, and
XX K X Hg paste

X X X

X
5 x\ Mercury

Fig. 12. 16 Calomel electrode
The potential of the calomel electrode depends upon the
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where, 7 is the number of electrons involved, F is the value of
Faraday and E° is the cell emf. AG can be negatnve if £°is
positive.

When E° is positive, the cell reaction is spontaneous and
serves as a source of electrical energy. :

To predict whether a particular redox reaction will occur or
not, write down the redox reaction into two half reactions, one
involving oxidation reaction and the other involving reduction
reaction. Write the oxidation potential value for oxidation
reaction and reduction potential value forTeduction reaction. Add
these two values, if the algebraic summation gives a positive
value, the reaction will occur, otherwise not.

[Note : The true conditions for operating voltaic cells are :

AG<« 0, E>0]

concentration of the pofassium chloride solution. If potassium

————chloride solution i3 saturated, the clectrode is known as saturated

calomel electrode (SCE) and if the potassium chioride solution is

"1 N, the electrode is known as normal calomel electrode (NCE)

while for 0.1 N potassium chloride solution, the electrode is
referred to as decinormal calomel electrode (DNCE)‘: The

_electrode reaction when the electrode acts as cathode is:

%ng(llz +e  =Hg+Cl"

The reduction potentials of the calomel electrodes on
hydrogen scale at 298 K are as follows:

Saturated KCl 02415V
LONKCL 0.2800 V
0.1 NKCl 03338V

The electrode potential of any other electrode on hydrogen -

scale can be measured when it is combined with calomel
electrode. The emf of such a cell is measured. From the value of
electrode potential of calomel electrode, the electrode potential of
the other electrode can be evaluated. .

- (i) Silver-silver chloride electrode: This is another widely
used reference electrode. It is reversible and stable and can be
combined with cells contalmng chlorides without inserting liquid
junctions.

Silver chlonde is deposned electrolytlcally on a sﬂver or
platinum wire and it is then immersed in a solution containing
chloride ions. Its standard electrode potential with respect to the

standard hydrogen electrode is 0.2224 V at 298 K. The electrode

is represented'as:
AglAgCl| Cl‘
The electrode reaction is:
AgCl+e” ——Ag+Cl™

PREDICTION FOR OCCURRENCE OF
A REDOX REACTION

Any redox reaction would occur spontaneously if the free energy
change (AG) is negative. The free energy is related to cell emfin
the following manner: :

AG® = —nFE®

“NERNST EQUATION _

The electrode potential and the emf of the cell depend upon the
nature of the electrode, - temperature and the activities
(concentrations) of the ions in solution. The variation of

~electrodeandcell potentials ~with ~conicentration of ions in

solution can be obtained from thermodynamic considerations.
For a general reaction such as

mA+mB+ = X A Y v L)
occurring in the cell, the Gibbs free energy change is given by the
equation

143} X an2

_ o ‘ CIX y e =
AG = AG® + 2.303RT log ;g —X—X "~ .. (i)
- ) l’il X .
, g ,

am

where, * @’ represents the activities of reactants and products
under a given set of conditions and AG® refers to free energy
change for the reaction when the various reactants and products
are present at standard conditions. The free energy change of a
cell reaction is related to the electrical work that can be obtained
from the cell, ie, AG=~nFE,; and AG°=-nFE°. On
substituting these values in eq. (ii), we get -

! 2

. . o . a .
~NFE o == nFEqy +2.303RT log g ——L— .. (iii)
‘ ; ay' xa z ...
' 2.303RT all xag ... ‘
or Eo = =E,, cell ~ log p p. . (iV)
' nF a,! Xag ...

This equation is known as Nernst equatlon
Puttlng the values of R =8314JK™ mol™, T = 298K and
F =96500C, eq. (iv) reduces to

‘ a¥ xa® ...
E=pge- 0P, Ax X W)
n azl X ag’Z : .
_Fo_ 0.0591 o [Products] (v

o [Reactants]
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Potential of single -electrode (Anode): Consider the

general oxidation reaction,
M—M™ +ne”
Applying Nemst.equation,

0.0591

M™]
on =E§x - n 10gl()

(M]
where, E, is the oxidation potential of the electrode (anode),

E,, is the standard oxidation potential of the electrode.
[Note: The concentration of pure solids and liquids are taken as unity.]

£ —E - OO e

ox ox

Let us consider a Daniell cell to explain the above equations.
The concentrations of the electrolytes are not | M.

799
E X =sz - 0.0591 10810 [Cll2+]
o 0.0591
Eeg=Eq + log o [Ag+]2
o o 0.0591 [Cu?*]
E o =onv+Ered =Ey tEy - 2 log [Ag+]2
0.0591 [Cu?*]
=Eqy — log o T
2 [Ag™]
1112338 WSoME SoLvep ExaMPLES\ $88251:

ample 31. Construct the cells in which the Jollowing
reactions are taking place. Which of the electrodes shall act as
anode (negative electrode) and which one as cathode (positive
electrode)? '

Zn(s)+ Cu® (ag.Y=7n*" (ag.) + Cu(s)

(@) Zn+CuSO, =ZnSO, + Cu

Zn(s)| Zn** (ag) || Cu®* (ag.)| Cu

Potential at zinc electrode (Anode)
0.0591

E, =E, ——1o 10[2112*]

Potentlal at copper electrode (Cathode)

o 0.0591
rqd +

Ereci = 10810 [Cu # ]

Emf of the cell
=E, +E. 4

cell

o 0.0591 Zn*
5 -, [ 2]

Zn’t-
Og 19 Cu 2+

The value of n = 2 for both zine and copper. |
Let us consider an example, in which the values of » for the
two ions in the two half-cells are not same. For exampie in the
- cell

- E° 0.0591 !

celt

CulCu® || Ag* |Ag
- Thecell reactlon is:
Cu(s) + 2Ag* —— Cu?* +2Ag
The two half-cell reactions are:
' Cu—Cu®™ +2e”
_ Agt +e” ——Ag
The second equation is multiplied by 2 to balance the number
of electrons.

2Ag" + 2&‘ —2Ag

Note : Oxidation potentlal SE a whﬂe reductxon potentlal, is represented as E°

(b) Cu+24gN0O; = Cu(NO; ), + 24g
{¢) Zn+ H,80, =ZnSO, + H,
(d) Fe+SnCl, =FeCl, + Sn
Solution: It should always be kept in mind that the metal

~which goes into solution in the form of its ions undergoes

oxidation and thus acts as negatlve electrode (anode) and the .

element which comes into the free state undergoes reduction and
acts as positive electrode (cathode):

(a) In this case Zn is oxidised to Zn**
(negative electrode) while Cu?* is reduced to copper and thus

acts as cathode (positive electrode). The cell can be represented
as ’

Zn 1 ZnSO, H CuSO, 1 Cu

or ZnlZn* HCu* ICu
Anode (-} Cathode (+)

(b) In this case Cu is oxidised to Cu?* and Ag'is reduced to
Ag. The cell can be represented as
Cu | Cu(NO;), 1 AgNO; | Ag
or © CulCu*llAgtiag
. Ancde () Cathode (+)

(c) In this case, Zn is oxidised to Zn > 2 and H' is reduced to
H,. The cell can be represented as:
Zn1Z0S0, || H,S0, | H, (P

or ‘ ZniZn* 11 2H" [ Hy(Pt)
S Anode (<) . Cathode' +

(d) Here, Fe is oxidised to Fe?* and Sn**
The cell can be represented as:

is reduced to Sn.

Fe|FeCl, Il SnCl, | Sn

" or FelFe 11Sn?" | Sn
Cathode (+)

Anode (-)

Ry

PN (oxtdanon poientlal of Zn) is + 0 76

The value of B> —r

volt and the value of EZ“ . (rcduc’qon potennal of copper).is + 0.34 volt. The electrode havmg lowcr‘value of reductlon potenﬁal kacts as an anode

while that having higher value of reduction potential acts as cathode.

and thus acts as anode
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- Example 32. Consider the reaction,

24g" +Cd — 24g + Cd¥

The standard electrode potentials for Ag™ —> Ag and

Cd** —— Cd couples are 0.80 volt and — 0.40 volt respectively.
(&) What is the standard potential E° for this reaction?
(if) For the electrochemical cell, in which this reaction takes
place which electrode is negative electrode?
Solution: (i) The half reactions are: -

G.RB. PHYSICAL CHEMISTRY FOR COMPETITIONS

(@) Zn|Zn™ || Br~,Bry | Pt (b) Cr|C¥* |1 7,1, | Pt
(O) Pt|Hy HY ||Cu® |Cu (d)Cd|Cd™ || CI ™, AgCl| Ag

Solution:
(a) Oxidation half reaction,

Zn —>7Zn** +2e
Reduction half reaction, Br, + 2¢~ ~——> 2Br~

Net cell reaction Zn +Br, — Zn?" +2Br~
Positive terminal—Cathode Pt

[Cr—s Cr¥ +3é‘]><2

2Ag" + 2¢” —>2Ag, (b) Oxidation half reaction,
I({ggt‘;ggg)‘ Reduction half reaction, [I, + 2¢” —— 21" ]x3
. . 3 -
:g+,Ag =080volt  (Reduction potential) Net cell reaction 2Cr +31, — 2Cr”" + 61
oa a2t - ’ Positive terminal—Cathode Pt
A Oxidation ) (c)_Oxidation half reaction Hey 2H Y 4 207
( An f}de) 7 ¥ 27
N . 2 -
E 2 oy == 040 volt (Reduction potential) Reduction half reaction,Cu ™ + 2¢” — Cu
o Net cell reaction H, + Cu?* —5Cu+2H"
or Ecazca“ = + (.40 volt N ‘
e e e e e e . Positive terminal—Cathode Cu ...~ = ..
o g © - =
E®=E, cpe +Eq ., =040+ 0.80= 120 volt Cd s Cd?* + 20~

(ii) The negative electrode is always the electrode whose
reduction potential has smaller value or the electrode where
“oxidation occurs. Thus, Cd electrode is the negative electrode.

- _Example 33. Consider the cell,
Zn| Zn** (aq. ) (LOM)|| Cu® (ag. ) (1.0 M)| Cu
The standard electrode potentials are:
Cu** +2¢” —> Culag. );
Zn** +2e” —> Zn(aq.);
() Write down the cell reaction.

@)y Calculate the emf of the cell.

~ Solution: (i) Reduction potential of Zn is less than copper,
hence Zn acts as anode and copper as cathode.

At anode
At cathode

E° = 0.350 volt
E° =~ 0.763 volt

Zn—7Zn* +2¢”  (Oxidation)

Cu® +2¢” —5Cu (Reduction)

Cell reaction Zn + Cu®* ——Zn?* +Cu

. (o) < (o]
=F +
(i) Eey ZniZn?t E Cu?*iCu

= Oxi. potential of zinc + Red. potential of copper
Epae, 5, = 0763 (Reduction potential)

E =+ (763 (Oxidation potential)

<
Zn/ Zn?*
]
Cu2+l Cu

So,  ES, =0.763+0.350=1.113 volt

" 'Example 34. Write the electrode reactions and the net cell
reactions for the following cells. Which electrode would be the
positive terminal in each cell?

and E =0350 (Reduction potential)

(d) Oxidation half reaction,

Reduction half reaction,
[AgCl+e” —> Ag+ClT %2

Net cell reaction Cd + 2AgCl — Cd** + 2Ag +2C1™

Positive terminal—Cathode Ag
 Example 35. Will Fe be oxidised to Fe** by reaction with
1.0 M HCI? E° for Fe! Fe™ =+ 0.44 volt. A
Solution: The reaction will occur if Fe is oxidised to Fe®*.
Fe + 2HCl —> FeCl, + H, -
Writing two half reactions, -

2+ - . W Lo _
Fe——> Fe™ +2¢” Oxidation, EFMZ‘,L = 0.44 volt

2H* +2¢” — H, Reduction; £, . =0.0volt

Adding; emf = 0.44 volt
Since, emf is positive, the reaction shall occur.

Example 36. The values of E ° of some of the reactions are
given below: :

I, +2e” —2 7, E°=+054volt
Cl +2¢ —>2C1 7 E°=+136volt
Fe* +e” —> Fe™; E°=+0.76volt
E°=+1.60volt
E°=+0.15volt

On the basis of the above data, answer the following
questions:

Ce" +e” —Ce™:

Sn*t +2e” — sn?;
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(@) Whether Fe** oxidises Ce** or not?
(b) Whether I, displaces chlorine from KCI?

(¢) Whether the reaction between FeCl,y and SnCl, occurs or
not?

Solution: (a) Chemical reaction,
Fe* + Ce?t

Two half reactions,

—— Ce** + Fe?

Fe?t + e — > Fe?* Reduction; E°= 0.76 volt

Ce** —— Ce** +¢7; Oxidation; E; =-— 1.60 volt

Adding; emf = - 0.84 volt

Since, emf is negative, the reaction does not occur, i.e., Fe**
does not oxidise Ce>*
(b) Chemical reaction,

Putting the value of E,, = 0.763V, n=2 and [Zn?*]=0.01
M,

E, =0763- 00591

log o [0.01]

=0.763 - 0.02955 x (—2)
= (0763 + 0.0591) volt = 0.8221 volt
Xample 39. The standard oxidation potential of zinc is

76 volt and of silver is — 0.80 volt. Calculate the emf of the cell:
Zn|Zn(NOy ), || AgN03 | g
025 M

0

at25°C.

Solution: The cell reaction is

Zn +2Agt —2Ag+Zn**
E,, of Zn =0.76 volt

of-Ao

I, +2KCl=2KI1+Cl,

 rid — 0-R0-volt
‘.led Ul.ns—uuuvuu.

Half reactions,

I, +2¢ —2I7; Reduction; E° = 0.54 volt

OX1dat10n E - =—1.36volt

2CI" —Cl, +2¢7;

Addmg, emf - 0.82 volt

Since, emf is negative, the reaction does not oceur, i.e.,I, does
not displace Cl, from KCl. :
(¢) Chemical reaction,

SnCl, + 2FeCl; —> SnCl,, + 2FeCl,

Half reactions, ,
Fe** + ¢~ — > Fe?* Reduction; E° = 0.76 volt

Sn?* — > Sn*

: - Adding; emf =+ 0. 61 volt
‘Since, emf is pos1t1ve the reaction will occur.

rample 37. Calculate the electrode potential at a copper
electrode dipped in a 0.1 M solution of copper sulphate at 25° C.
The standard electrode potential of Cu** / Cu system is 0.34 volt
~at298 K.

Solution: 0.0591

We know that, E g = E.y + log o [ion]

Putting the values of .y = 0.34 V, n=2and [Cu?®* ]=01M
0.0591
log 4 [0.1]

=0.34 + 0.02955x (-1)
=0.34 - 0.02955 = 0.31045 volt
EIRE0

Example 38. What is the single electrode potential of a
half cell for zinc electrode dipping in 0.01 M ZnSO4 solution at

E. =034+

25°C? The standard electrode potential of Zn/ Zn* system is
0.763 volt at 25° C.
Solution: We know that, E,, =E, - 0.0591 log,, [ion]

+2e”; Oxidation; E°=-0.15volt

Eey =E, of Zn+ E,; of Ag=0.76+ 0.80=1.56 volt

: o Products
We know that, E_;, =E_ ., — 0.0591 lo [ ]
[Reactants]
0.0591 0.25
—E - Io
“cell fog. 0Ix01
=1.56- 2991, 1 3979

=(1.56 - 0.0413) volt
=1.5187 volt

Alternative method: First of all, the single electrode
potentials of both the electrodes are determined on the basis of
given concentrations.

o 0.0591

E E, - — log 0.25

0x (Zinc) = Loy

. =0.76+0.0177=0.7777 volt
0.0591 log 0.1

0
Ered (Silver) = Ered +

= 0.80~ 0.0591= 0.7409 volt
Ecen =Eox @ing + Ered (Silver). .
= 07777+ 07409 =1.5134 volt
'il_ip_lg 40. e emf(E°)of the following cells are:
Ag | AgT AM)||Cu* (IM)|C.:; E°=—0.46volt
Zn|Zn® (1M)||Cu* (1M)|Cu; E°=+1.10volt
cinf of the cell: )
»Zn | Zn® (1M) || 4g" (1M) | 4g
Zn1Zn2 (1 M) 1l Ag* (1 M) | Ag
Beay = Eo’x (@n/Zn?*) + Ered (Ag* /AR

With the help of the following two cells, the above equation
can be obtained:

AglAgT(1M) 11 Cu? (1 M)| Cu; E° = — 0.46 volt
or CulCu? (1M)||Ag* (1M} |Ag E° will be + 0.46 volt

Calculate ti::

Solution:

¥
\'i oo
.

b,
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or | + 0'46=on (ol +Ered (Ag* IAg) = @)
Zn1Zn** (1 M) ||Cu®" |Cu; E°=+1.10volt
+1‘10=on (Zn/Zn?*) +Ered (Cu?*/Cu) - (i)
Adding egs. (i) and (ii), - .
+1.56=FE

‘ox (Cu/Cu?t) + _Ered (Ag* /Ag) + on @n/Za?*) + Ered (Cu?*/cu)

Since, on Ity = -E
So, +1.56=E_ uz?ty t
Thus, the emf of the following cell is
Zn | Zn?* (1 M) 11 Ag* (1 M) 1 Ag is +1.56 volt
. Example4l. Calculate the emf of the cell.
Mg(s)| Mg (02M)]| 4g™ (1x107)| 4g

o]
Agti4g

red (Cu2* /Cu)

Eetngring

E =+0.8wlt, E° —2.37volt
Mg

2+/Mg -

Eqy = (0.42+ 0.064) = 0.484 volt
E gell =E éathode - E:node

o] o o
or Epnode = Ecatmode — Ecen

= (0.80— 0.484) = 0.32 volt

19. The oxidation potential of hydrogen electrode at pH = 10 and
pH, = latmis:
(a)0.51V
[Ans. (c)]

()0.00V  (c)+0.59V (d)0.059V

.
[Hint: E, =E, — 0.0591 log ]
~ n pH,

What will be the effect on emf if concentration of Mg > jon is

91 10-10
_ 0 VO 7T

- log1

=059 V]

decreased to 0.1 M?
Solution: Edar = Ecanode = Ennode
' =0.80— (-2.37) = 3.17 volt

Cell reaction, Mg + 2Ag™ —— 2Ag + Mg?*

o 00591, Mg*
Ecell =Ecell - log g+ >
n [Ag™ ]
0.0591 log 02
2 . T[Ix10737?
=3.17-0.1566=3.0134 volt

Mg =0.1M

=317-

when

0.0591 0.1
E. g =Eo; — lo
cell cell 7 g (1 % 10_3 )2

=(3.17~ 0.1477) volt
=3.0223 volt .
~ Example42. To find the standard potential of M ** | M
electrode, the following cell is constituted:
Pt |M | M (0.0018mol "'L)|| Ag* (0.01mol "'L)| Ag

The emf of this cell is found to be 0.42 volt. Calculate the
standard potential of the half reaction M>** +3e” — M.

EAg+/Ag = 0.80volt.

Solution: The cell reaction is
M +3AgT —3Ag+ M
Applying Nernst equat'ion,
. 3+
o 0.0591 o [M77]

ey =ESy -
cell cell 3 g TERE
0.42= £y — 20105 QOB _ o 0.064
3T 0.0

20. The value of equilibrium constant for a feasible cell reaction
is:’
@<t
[Ans. (c)]

®)=1 ©)>1 (d) zero

0.0591

For feasible cell, E° is positive; hence from the above equation,
K > 1for feasible cell reaction.] :
21. E° for the glectrochemical cell

Zn(s) 1 Zn** 1 M (ag.) | Cu® 1 M (ag.) | Cu(s)
is 1.10 V at 25°C. The equilibrium constant for the cell

[Hint: K= amilbg”(“”E' ) o

reaction, _
Zn(s)+ Cu** (ag.) == Zn** (ag.) + Cu(s)
will be: '
(a)107 (b) 10%7
(c)107% (d10¥
[Ans. ()]
[Hint: K = antilog |: nE” :|
0.0591
" = antilog [2 a 1'10] =167x107]
0.0591

22. "["he value of the reaction quotient 0, for the cell

Zn(s) | Zn2* (0.01 M) 11 Ag™* (1.25 M) | Ag(s)
is: ’
(a) 156

() 125
(©)1.25% 1072 (d) 6.4 x 107
[Ans. (d)] ‘ )
[Hint: Zn(s) — Zn?* + 2¢" (Anodic process)

2Ag* + 26 —> 2Ag(s)  (Cathodic process)

Zn(s) + 2Ag" = 2Ag(s) + Zn?*

2+
=~[Zn+ 2]= 0.012=6'4x10_3]
[Ag™ ] (1.25)
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23,  Calculate the emf of the following concentration cell at 25°C:
Ag(s) | AgNO, (0.01 M) 1 AgNO; (0.05 M) | Ag(s)

(a)-0414V (b) 0.828 V
() 0414V (d)0.0414 V
[Ans. (d)] o
[Hint: £ =E° -~ 00391 logyy @

(- E° = 0 for all concentration cells)

0.01
=0-—"1lo
1 gm[OO

24. The equilibrium constant of the reaction:
‘ Cu(s) + 2Ag* (ag.) == Cu?* (aq.) + 2Ag(s)
E° =046V at 298 K is: [CBSE (Med.) 2007]
() 2.0x 10'° b)4.0x 10'°

(€)4.0x 10" (d) 2.4 x 10"

0.0591 ] 0.0414 V]

12:23: ELECTROCHEMICAL SERIES |

R

By measuring the potentials of various electrodes versus standard
hydrogen electrode (SHE), a series of standard electrode
potentials has been established. When the electrodes (metals and
non-metals) in contact with their ions are arranged on the basis of
the values of their standard reduction potentials or standard -
oxidation potentials, the resulting series is called the
electrochemical or electmmotlve or activity series of the
elements.

By international convention, the standard potentials of
electrodes are tabulated for reduction half reactions, indicating
the tendencies of the electrodes to behave as cathodes towards
SHE. Those with positive E ° values for reduction half reactions
do in fact act as cathodes versus SHE, while those with negative
E ° values of reduction half reactions behave instead as anodes
versus SHE. The electrochemical series is shown in the glven
table:

[Ans. - (c)]

2% 0.46 }

“nk° )
Hint: X = antil = antil
[Hin an og[ ] an og[ 0,059

0.059
= antilog 15.593
=39x10"
e 4X 0]
25. The cell reaction of a cell is: ,
Mg(s) + Cu®* (ag.) == Cu(s) + Mg*" (aq.)

If the standard reduction potentials of Mg and Cu are —2.37
and + 0.34 V respectively. The emf of the cell is:

: [JEE (WB) 2007}
(a)203V (b) 203V (C)+271V @-2711V
[Ams. (c)]
(Hint: Ega = Egyoe ~ Ennoce
= Epetuces species ™ Eoyidised species

; =034 ~ (-237)=+271V]
26. The equilibrium constant of the following redox reacuon at
298 Kis1x 10°
2Fe*! (agq. )+ A (ag. )= 2Fe** (ag.) + L(s)

If the standard reduction potential of iodine becoming iodide
is + 0.54 V. What is the standard reduction potential of
Fe’* / Fe*?

(a+1.006V (b) - 1.006 V
(©)+0.77V d-077V
(e)-0.652V
[Ans. ()}
. [Hint: E° = 0 059 ].ogm
_0059

log;q 10° = 0.236

o o o
Ecot = Eeduced species ™ Eldisen species
0.236 = EF63+ /F03+ -0.54

-]

E s g =0.77V]

[PMT (Kerata) 2008]

ode?otentlalsat 25%€
‘The Electrochemical Series®

Element:. o .V o e g:guclt{ii:c)ﬂon : lsltx:c?i‘:nE;ﬁg;g:l
; o o ERyvelt
T Eh T 508
K K*+¢ =K ~2.925
Ca | Ca¥* +2¢ =Ca —-2.87
Na Na* +¢ =Na ~2m4
Mg | Mg +2 =Mg ©~237
Al 2 g | AP 436 =A1 o g - 1.66
Zn £ | z™+20=Zn BE - 0.7628
a T2 | o*sze=c B ~074
B8 ' S &
Fe 8% | P +20=F %8 ~0.44
Cd gg | e +2e=ca g2 - 0403
N FE | N ez =N go%% ~025
Sn BE& | sa™+2 =Sn 5§ - 0.14
H, gné" Mt +2 = £ -0.00
Cu E8 | Q+2e=Cu BB +0337
L, &= L+2 =2 S8 +0.535
Ag Ag* +e =Ag +0.799
Hg Hg® +2¢ =Hg + 0.885
Br, Br, + 2¢" = 2Br" +1.08
c, Cl, +2¢ =201 +136
~Au L Au* + 3¢ =Au + 150
154 F, +2¢ =2F +2.87

Characteristics of Electrochemical Series

(i) The negative sign of standard reduction potential indicates
that an electrode when joined with SHE acts as anode and
oxidation occurs on this electrode. For example, standard
reduction potential of zinc is — 0.76 volt. When zinc electrode is
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joined with SHE, it acts as anode (-ve electrode), i.e., oxidation
occurs on this electrode. Similarly, the +ve sign of standard
reduction potential indicates that the electrodé when joined with
SHE acts as cathode and reduction occurs on this electrode.

(i)) The substances which are sfronger reducing agents than
hydrogen are placed above hydrogen in the series and have
negative values of standard reduction potentials. All those
substances which have positive values of reduction potentials and
placed below hydrogen in the series are weaker reducing agents
than hydrogen.

(111) The substances which are stronger oxidising agents than
H* ion are placed below hydrogen in the series.

(iv) The metals on the top (having high negative values of
standard reduction potentials) have.the tendency to lose electrons
readily. These are active metals; The activity of metals decreases
from top to bottom. The non-metals on the bottom (having hlgh

(¢) Weakly electropositive metals: The metals which are
below hydrogen and possess positive values of reduction
potentials are weakly electropositive metals. Cu, Hg, Ag, etc.,
belong to this group.

(ili) Displacement reactions:

(a) Te predict whether a given metal will displace another,
from its salt solution: A metal higher in the series will displace
the metal from its solution which is lower in the series, i.e., the
metal having Jow standard reduction potential will displace
the metal from its salt’s solution which has higher value of
standard reduction potential. A metal higher in the series has
greater tendency to provide electrons to the catlons of the metal
to be precipitated,

(b) Displacement of one non-metal from its salt solution
by another non-metal: A non-metal higher in the series
(towards bottom side), i.e., having high value of reduction
potential will displace another non-metal with lower reduction

. positive values of standardreduction—potentials)—have—the
tendency to accept electrons readily. These are active non-metals-

potential, i.e., occupying position above in the series. The

The activity of non-metals increases from top to bottom.

Applications of Electrochemical Series

() Reactivity of metals: The activity of the metal depends
on its tendency to lose electron or electrons, i. e., tendency to form

“cation (M ™). This tendency depends on the magnitude of

standard reduction potential. The metal which has high negative
value (or smaller positive value) of standard reduction potential
readily loses the electron or electrons and is converted into
cation. Such a metal is said to be chemically active.

The chemical reactivity of metals decreases from top to

bottom jg the series. The metal higher in the series is more active

than the metal lower in the series. Forexample,

(a) Alkali metals and alkaline earth metals having high
negative values of standard reduction potentials are chemically
active. These react with cold water and evolve hydrogen. These
readily dissolve in acids femling corresponding salts- and

) ‘Metals like Fe, Pb, Sn, Nl, Co etc., whlch hea llttle down
in the series do not react with cold. water but react with steam to
evolve hydrogen.

(c) Metals like Cu, Ag and Au whlch lie below hydrogen are
less reactive and do not evolve hydrogen from water.

(ii} Electropositive character of metals: The
electropositive character also depends on the tendency to lose
electron or electrons. Like reactivity, the electropositive character
of metals decreases from top to bottom in the electrochemical
series. On the basis of standard reduction potential values, metals
are divided into three groups:

(a) Strongly electropositive metals: Metals having
standard reduction potential near about -2.0 volt or more
negative like alkali' metals, alkahne earth metals are strongly
electropositive in natute. ,

~ {(b) Moderately electropositive metals: Metals having

values of reduction potentials between 0.0 and about —2.0 volt are
moderately . electroposmve Al, Zn, Fe, Ni, Co, etc , belong to this
group.

non-metals Which possess high positive reduction potentials have
the tendency to accept electrons readily.- These electrons are
provided by the ions of the non-metal having low value of
reduction potential. Thus, Cl, can displace bromine and iodine
from bromides and iodides.

A" —1, +2¢ (Oxidation)
Cly +2e” —2CI7 (Reduction)

[The activity or electronegative character or oxidising nature
of the non-metal increases as the value of reduction potential
increases:)

{©) Dlsplacement of hydrogen from dilute acids by
metals: The metal which can provide electrons to H™ ions
present in dilute acids for reductlon evolve hydrogen-from
dilute acids.

Mn —>Mn* +ne” (Oxidation)

(Reduction)

The metal having negative values of reduction potential
possess the property of losing electron or electrons.

Thus, the metals occupying top positions in the
electrochemlcal series readily liberate hydrogen from dilute
acids and on descending in the series tendency to liberate
hydrogen gas from dilute acids decreases.

The metals which are below hydrogen in electrochemical
series like Cu, Hg, Au, Pt, etc., do not evolve hydrogen from
dilute acids.

(d) Displacement of hydrogen from water: Iron and the
metals above iron are capable of liberating hydrogen from water.
The tendency decreases from top to bottom in electrochemical
series.

Alkali and alkaline earth metals liberate hydrogen from cold
water but Mg, Zn and Fe liberate hydrogen from hot water or
steam, )

{(iv) Reducing power of metals: Reducing nature depends
on the tendency of losing electron or electrons. More the negative

2H* +2¢” —H,
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reduction potential, more is the tendency to lose electron or.
electrons. Thus, reducing nature decreases from top to bottom
in the electrochemical series. The power of the reducing agent
increases as the standard reduction potential becomes more and
more negative.

Sodium is a stronger reducing agent than zinc and zinc is 2
stronger reducing agent than iron.

Element Na Zn Fe
Reduction potential =271 =076 -044

Reducing nature decreases

Alkali and alkaline earth metals are strong reducing agents.

(v) Oxidising nature of non-metals: Oxidising nature
depends on the tendency. to accept electron or electrons. More the
value of reduction potential, higher is the tendency to accept

805

K*, Ca®,Na*, Mg, AI**, Zn %, Fe?*, H', Cu?*, Ag*; Au®*

N

Increasing order of deposition
Similarly, the anion which is stronger reducing agent (low value
of standard reduction potential) is liberated first at the anode.
The increasing order of discharge of few anions is:
SO;~,NO3;, OH™, Cl™,Br~,1™

Increasing qrder of discharge
Thus, when an aqueous solution of NaCl containing: Nat,
Cl™,H" and OH™ ions is electrolysed, H" ions are discharged at
cathode and C1~ ions at the anode, i. e.,H, is liberated at cathode
and chlorine at anode.
When an aqueous solution of CuSO, containing Cu?*, 503",

H*_and OH ~ jons is electrolysed, Cu?* i mns_a.ne_dlscharged_ati

electron or electrons. Thus, oxidising nature increases from

cathode.and OH ~ ions at the anode

top to bottom in the electrochemical series. The strength of an
oxidising agent increases as the value of reduction potential
becomes more and more positive. ,

F, (Fluorine) is a stronger oxidant than Cl,, Br, and1,.

Cl, (Chlorme) isa stronger oxidant than Br2 and 12

" Element I2 ) Br2 Cl2 ' F2
Reduction potential  +0.53 +1.06 +1.36 +2.85

Oxidising -nature.increases .
Thus, in electrochemical series

Top  (Strongest reducing agent)
Highest negatlve reduction potential

g o or
8

Reducing
nature

(Minimum reduction potential)

Oxidising

Bottom (Strongest oxidising agent)
~ Highest positive value of reduction potential
(vi) Thermal stability of metallic oxides: The thermal

stability of the metal oxide depends on its electropositive nature.
As the electropositivity decreases from top to bottom, the thermal
stability of the oxide also decreases from top to bottom. The
oxides of metals having high positive reduction potentials are not.
stable towards heat. The metals which come below copper form
unstable oxides, i e., these are decomposed on heating.

Heat 1
Ag,0——2Ag +502' o

Heat
2HgO——2Hg + 0,
BaO Heat .
Na,O No decomposition
AL, S

(vii) Products of electrolysis: :
positive and negative ions are present in solution, during
electrolysis certain ‘ions are discharged or liberated at. the
electrodes in preference to others. Im general, in such
competition the ion which is stronger oxidising agent (high
value of standard reduction potential) is discharged first at
the cathode. The increasing order of deposition of few cations is:

In case, two or more types of

Cu® +2¢" —Cu (Cathodic reaction)

40H" —0, + 2H,0+ 4~ (Anodic reaction)

Cu is deposited on cathode while 02 is liberated at anode.

-~ {vili). Latimer- diagram: - Redox chemistry of an element

can be understand by comparing the standard electrode potentials
of the various oxidation states of the element. Latimer diagram
showing relative stabilities of different oxidation states are glven
below :

Acid Medium )
© B o =+044V E° 9r 34==0T1V ;
Fe Fe/Fe sFe2* Fe?" /Fe sFe3t
Alkaline Medium : ..
Fe Er . 2+=+088 v , Fe?* E 54 0 30 =+0.56V Fo?*

In acid medium, the positive value of E F e/F;2+ indicates that

iron will dissolve in acid medium to form Fe?* ion; since
E ° 2 Pt is negative, hence +2 state of iron will be more state

than +3 state in acid medium.

When the potential on right of a species is more posmve (less
negative) than that on -the left, then the species will tend to
undergo disproportionation.

Example :
Alkaline Medium B
- By, =BV B ici0m =" -
Cl 2 > Cl, 2 >ClO

Thus, Cl, will undergo disproportionation into C1~ and C10™
ions in basic medium. '
Cl, +20H" —— ClI” +Cl0” +H,0-

(ix) Corrosion of metals: Corrosion is defined as the
deterioration of a substance because of its reaction with its
environment. This is also defined as the process by which metals
have the tendency to go back to their combined state, i.e., reverse
of extraction of metals.

Thus, the process of weathering away of the metal due to
attack of the atmospheric gases on the surface of the metal

v
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resulting into the formation of compounds such as oxides,
sulphates, sulphides, carbonates, etc., is called corrosion.

The process of corrosion of iron is called rusting. Rust is
chemically the hydrated oxide of iron having the formula
‘Fe,0; -xH,0. Other examples of corrosion of metals are
tarnishing of silver and those of copper and bronze etc. Corrosion

of copper and bronze forms a green coating on the surface. The -

corrosion of metals, particularly iron, causes damage to
buildings, dams, bridges, etc., and we lose a lot of money every
year. :
Mechanism of Corrosion : Corrosion is a redox process by
which metals are oxidised by oxygen in presence of moisture.
The mechanism can be understood by taking the example of
rusting of iron. The theory of rusting is called electrochemical
theory. In this theory the process of rusting can be explained on
, thebas;soﬂfo;mauon_oﬂelecuochem;cal.celLQnthesuﬁ‘a.e ofan

Step 4 : The ferrous ions (Fe2+ ) formed in the previous step

reacts with dissolved oxygen or oxygen from air to form ferric
oxide (Fe,0; )

4Fe*t +0, + 4H20 —2Fe,0, + 8H" (aq)
Hydration of ferr_1c oxide gives rust. ~
F6203 +xH20 e F6203 'xH20

The process of rusting may be diagrammatically represented
as in Fig. 12.17.

~ Water drop

iron object,

Iron ——

Rusting of iron involves the following steps :

Step 1 : The water vapours present in contact w1th iron surface
have dissolved CO, and O, from air. .

H,0(1)+ CO,(g)—— H,CO5(I)
-..Thus, the surface of iron.is.covered with-an aqueous_solution.
of carbonic acid, which undergoes dissociation to a small extent.
H,CO,==2H" +CO?" (lonisation of carbonic acid)
H,0=—H"+OH"
Step 2 : Second step involves oxidation of iron. Oxidation of
metal takes place at the point of strain. For example, a steel nail

first corrodes at the tip and head. The tip of the nail acts as-anode
where iron is oxidised to ferrous ion.

Fe(s)—— Fe?" +2e” (Anodic process, oxidation) ...(i)
(E;ez+ Jpe = —044 volt)
Step 3 : The elecirons flow along the nail to the areas

containing impurities which act as cathode where oxygen
(dissolved in water) is reduced to hydroxyl ions.

0,(g)+2H,0(l)+4¢” ——>40H"
(Cathodic process, reduction)
(Ereqg = 1.23volt)
The process of reduction involves the following two steps
" First of all H' ions are reduced to hydrogen atoms.
H' +e- ——[H] ...(ii)
These hydrogen atoms combine with oxygen d1ssolved in
water or from air.

(Ionisation of water)

4[H] + O, —2H,0 ...(iii)
Combining (ii) and (iii), we get _
0, +4H" +4e- —— 2H,0()) ...(iv)

(Ereq =123volt)

" Adding equations (i) and (iv), we get, the overall reactions of
microcells established on the surface of iron.

2Fe(s)+ 0, (g)+4H" (aq)——)2Fe2+ (aq)+2H,0(!)
(Ece“ = 167 volt)

Oxidation : Fe(s) — Fe?* (aq) + 26~

Reduction : O, + 4H* (aq.) + 46 — 2H,0 ()

Atmospheric 4Fe?* + O, + 4H,0 () — 2Fe,Og(s) + 8H+(aq)
_Oxidation Fex03+ xH,0 —> Fe,05. xH0

Rust
Fig. 12.17 Rusting of iron

Factors Affecting Corrosion

1. Standard reduction potential : Lesser is the standard
reduction potential greater is the tendency of corrosion. In other
words, more is the react1v1ty of metal, greater is the tendency of
corrosion.

2. Strains and corrosion : Corros1on of metals occurs more
readily at points of strain, bend, nick and scratches.

3. Impurity of metal and corrosion : Presence of impurity in
metals increases the probability of their corrosion. Pure metals,
e.g., pure iron does not undergo rusting. '

4. Salinity of water and corrosion : If water is saline, it helps
in the flow of current in microelectrochemical cells on the surface
of iron and hence, increases the process of corrosion.

5. Pollution and corrosion : The acidic oxides like CO,,

S0,,NO, etc., present in air act as catalysts for corrosion. It
should be noted that if iron is placed in vacuum, it does not
undergo rusting.

Prevention of Rusting : Prevention of rusting is not only
. . 3
important from the point of view of economy but also from the
point of view of safety. Prevention of corrosion not only saves
money but also prevents accidents due to collapse of bridges and
bu1ld1ngs

Some important methods for preventmg corrosion are
described below:
- 1. Using antirust solution : Alkalme phosphate and alkaline
chromate solutions are the commonly used antirust solutions.

" Alkaline phosphates tend to form an insoluble film of iron

phosphate on the surface of iron, thereby protecting it from
corrosion, In addition, the alkaline nature of an antirust solution
decreases the availability of H* ions which facilitate the .
oxidation of Fe to Fe?". These solutions.are used to prevent
rusting of radiators of cars and water coolers.



]
~———_hence, prevents the rusting of iron. So, long as the surface of iron
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2. Barrier protection : It is one of the simplest methods of
preventing corrosion. In this method a barrier or coating is
applied to prevent the surface of the metallic object from come in
contact with the atmosphere. This can be achieved by the
following methods :

(i) Oil paints on the surface of metal prevents its contact w1th
moist air,

(ii) By applying grease or oil on the surface of iron tools and
other objects, rusting can be prevented.

(i1i) Nichrome (Ni + Cr) plating on the surface of iron also acts
as a barrier between metal and atmosphere.

(iv) Bisphenol is an important chemical which can be applied
on the surface of the metal to avoid its corrosion.

3. Sacrificial protection : In this method, the surface of iron
is coated with a more active metal than iron. This active metal

xidation in preference to iron and

Magnesium rod

Fig. 12.18 Cathodic protection of a buried steel pipe

As the cathode, the iron containing steel pipe is protected from
oxidation. Of course, the magnesium rod is eventually consumed

‘“arrdmustbe"repiaccd,—but thtmseheaper—thanﬁgg&ng-up{hep;pe_*_

is covered with such metals the corrosion of iron is prevented. If
the surface is scratched or the coating is broken, even then the
rusting of iron does not start.

Zinc metal is the most stable metal to cover iron surfaces. The
process of coating the iron surface by zinc is called
‘galvanization. Zinc nietal preseént onthe surfaceof iron forms a
thin protective layer of basic zinc carbonate, ie,
ZnCO; - Zn(OH)2 due to the reaction between zinc, oxygen, CO,
and moisture in air.

Zn* +2¢" ——7Zn(s);

Fe*" +2¢” —>Fe(s);

EZD2+ 1ga = —076volt
E,. . =-044volt

(Zinc will undergo oxidation in preference to iron.)

Since, standard reduction potential of zinc is less than iron,
hence, iron will not undergo corrosion (oxidation) even when the
zinc coating is broken due to scratches or some other mechanical
stress.

“Sometimes an iron surface is coated with tin metal and this
process is known as tinning or tin plating. This method is not as
effective as galvanization.

Sn’"(ag)+2e” ——Sn(s); E .., =014 volt

Fe* (ag)+26” ——Fe(s); Eygi,. =—044volt

(Iron will undergo oxidation in preference to tin.)

Timming is effective in checking the rusting of iron so long as
the surface of iron is fully covered by tin. Once the tin coating is
broken or scratched then rusting will stari because standard
reduction potential of iron is less than that of tin.

4. Electrical or Cathodic protection : If a buried steel pipe is
connected to an active metal, i.e., highly electropositive metal,
say magnesium, a voltaic cell is formed; the active metal is the
anode and iron becomes the cathode. Wet soil or moisture forms
the electrolyte and the electrode reactions are :

Mg(s)—— Mg (ag)+2¢; Byt g =237V
L 0,(g)+2H,0(])+4e” ——40H (ag). Eoy =1.23V
Overall; 2Mg(s)+0,(g)+2H,0()
——2Mg?" +40H; E.; =360V

°

tine-This-method-is aseétepfcveat—themnng@ﬁsubmannesanL_
base line of oil refineries.

(x) Extraction of metals: A more electropositive metal can
displace a less electropositive metal from its salt’s solution. This
principle is applied for the extraction of Ag and Au by cyanide
process. Silver from the solution containing sodium argento

cyanide, NaAg(CN),, can be obtained by the addition of zincas ~
it is more electropositive than Ag.

2NaAg(CN), + Zn — Na,Zn(CN), + 2Ag

Concept of Equilibrium in Electrochemical Cell
In an electrochemical cell a reversible redox process takes
place, e.g,, in Daniell cell:
Zn(s)+ Cu?* (ag.)==7Zn?* (aq.)+ Cu(s) -
(1) At equilibrium mass action ratio becomes equal to
equilibrium constant,
ie, - . ‘ 0=K,
) Oxidation potenual of anode = - Reducnon potennal of
cathode
i.e., emf = Oxidation potential of anode
+ Reduction potential of cathode
=0
Cell is fully discharged.
According to Nernst equation:

0.0591

E=E°- log, Qat 25°C

At equilibrium, E=0 0=K

0.0591

0=E°- log,o K

K = antilog nk
0.0591

| Work done by the Cell

Let n faraday charge be taken out of a cell of emf E; then work
done by the cell will be calculated as:
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Work = Charge X Potential
; | = nFE
Work done by the cell is equal to décrease in free energy.
—AG = nFE
Similarly, maximum obtainable work from the cell.will be
Woox =HFE® ’
where, E° = standard emf or standard cell poténtial,
—~AG® =nFE® ‘

_ The Relationship among K, AG° and E° Cell

AH®
, AS®
.\ Calorimetric/

- Case IIl:  When (gﬁ} <0, then nFE < AH, i.e., process

inside the cell is exothermic.

1224 PRIMARY VOLTAIC CELL
(The Dry Cell)

" In this cell, once the chemicals have been consumed, further

reaction is not possible. It cannot be regenerated by reversing the
current flow through the cell using an external direct current
source of electrical energy. The most common example of this
type is dry cell.

The container of the dry cell is made of zinc whlcl; also serves

- as one of the electrodes. The other electrode is a carbon rod in the

centre of the cell. The zinc container is lined with a porous paper.
A moist mixture of ammonium chloride, manganese dioxide, zinc

~chloride and a porous inert filler occupy the space between the

AG®s= AH° TaS®

Chemical
compaosition
- data

AG®=—nFE®

' Equi!ibrium
- constant
K

Fig. 12.19

Heat of Reaction in an Electrochemical Cell
Let » faraday charge flows out of a cell of emf E, ‘
Then -AG=nFE )

Gibbs-Helmholtz eguation from thermodynamics may be
given as:

JAG ..
AG=AH+T
+ ( T ) . (ii)

From equations (i) and (ii), we get

—-nFE=AH+T[M@] =AH - nFT[aE)
aT aT) »

P

AH = ~nFE + nFT (BE]
oT ) p

Here, [-g—g’;) = Temperature coefficient of cell
» :

=0, then AH = —nFE

Casel: When[aE)
oT) p

Case IIt When [%f:] >0, then nFE > AH, i.e., process

inside the cell is endothermic.

paper lified zinc contamer and the carbon rod. The cell is sealed
with a material like wax.

As the cell operates, the‘zihc is oxidised to Zn>*

" Zn —Zn% + 2¢”  (Anode reaction)

- The- electrons—are—utilized-at- cmhon“ rod (cathode) as the

ammonium ions are reduced. )
2NH,;" +2¢~ —2NH; + H2 (Cathogle reaction)
The cell reaction is
Zn +2NH, —>Zn® +2NH, +H,
Hydrogen is oxidised by MnO, in the cell.
~ 2MnO, + H, — 2MnO(OH)

Ammonia produced at cathode combines with zinc ions to
form complex ion.

Zn* + 4NH, —[Zn(NH;),1*

E o is 1.6 volt.

Alkaline dry cell is similar to ordinary dry cell. It contains
potassium hydroxide. The reactions id alkaline dry cell are:

Zn +20H™ — Zn(CH), + 2¢~ (Anode reaction)

_2MnO, + 2H20 +2¢” —— 2MnO(OH) + 20H"

(Cathode reactlon)
Zn + 2MnO, +2H,0 — Zn(OH), + 2MnO(OH) (Overall)
E . is 1.5 volt.

Button cell : The button cells arc usually pallet type ﬂat in
construction and look like a button in shape. Owing to their small
sizes, they are used in small electronic devices like hearing aids,
electronic watches etc. These cells are basically primary cells.
Mercuric oxide button cell is the most commonly used button
cell. In this cell, zinc anode and mercuric oxide plus carbon paste
cathode is used. The electrolyte is a paste of ZnO and KOH.
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Anode (negative); Nickel-Cadmium storage cell : It is also a common storage
gn powc:er + battery. It is more expensive than the lead storage battery but it is
g) amalgam light, therefore, used in calculators, portable power tools, etc.

Celi can It is a voltaic cell consisting of an anode of cadmium and a

Separator cathode of hydrated nickel oxide on nickel. The electrolyte in the
{positive): cell is aqueous solution of potassium hydroxide. Electrode
Zn0 + KOH electrolyte

Fig. 12.20
The cell process is given below :

Anode : Zn  +20H ——Zn0(s)+H,0+2e”

(Amalgam)
Cathode: HgO{(s)+H,0+2e™ — Hg(/)+20H"

NI HgO(s) — ZnO(s)+Hg())

Overall :

). SECONDARY VOLTAIC CELL
_(Lead Storage Battery)

The cell in which original reactants are regenerated by passing

direct current from external source, i e., it is recharged, is called

secondary cell. Lead storage battery is the example of this type.
It consists of a group of lead plates bearing compressed

spongy lead, alternating with a group of lead plates bearing lead

dioxide, PbO,. These plates are immersed in a solution of about
30% H,80;. When the cell discharges, it operates as a voltaic

cell. The spongy lead is oxidised to Pb?* ions and lead plates

acquire a negative charge.
Pb——Pb** +2¢” (Anode reaction)

Pb?* ions combine with sulphate ions to form insoluble lead
sulphate, PbSO, , which begins to coat lead electrode.
Pb>* +S0;” — PbSO, (Precipitation)
The electrons are utilised at PbO, electrode.

PbO, +4H* +2¢” —— Pb* +2H,0 (Cathode reaction)
2 2

Pb>* + SO3” —— PbSO, (Precipitation)

Overall cell reaction is:
Pb + PbO, + 4H* +2S02" — 2PbSO, + 2H,0

E o is 2.041 volt.

When a potential slightly greater than the potential of battery
is applied, the battery can be recharged. ~

2PbSO, + 2H,0——> Pb + PbO, + 2H,S0,

After many repeated charge-discharge cycles, some of the lead
sulphate falls to the bottom of the container, the sulphuric acid

concentration remains low and the battery cannot be recharged
fully.

porous electrode.

processes are given below :
Anode: Cd(s)+20H  (ag)—> Cd(OH)2 +2e”
Cathode: NiO, (s)+2H,0(})+ 2~ ——Ni(OH), + 20H"
Cd(s)+NiO, (s)+ 2H, (/) —— Cd(OH), + Ni(OH),
In the recharging of the cell the process is reversed.
Cd(OH), +Ni(OH), ——Cd(s)+ NiO, (s)+2H,0())

e

FUEL CELL

809

converted into’ electrical energy. The main disadvantage of a

primary cell is that it can deliver current for a short period only.

This is due to the fact that the quantity of oxidising agent and
reducing agent is limited. But the energy can be obtained

 indefinitely from a fuel cell as long as the outside supply of fuel is

mﬁWWMWralhmme&MMfﬁﬂmmmmmrgW :

involve any ion whose concentration can change during the
process.

‘maintained. One of the examples is the hydrogen-oxygen fuel

cell. The cell consists of three compartments separated by a
Hydrogen gas is introduced into one
compartment and oxygen gas is fed into another compartment.
These gases then diffuse slowly through the electrodes and react
with an electrolyte that is -in .the central compartment. The
electrodes are made of porous carbon and the electrolyte is a resin
containing concentrated aqueous sodium hydroxide solution.
Hydrogen is oxidised at anode and oxygen is reduced at cathode.
The overall cell reaction produces water. The reactions which
occur are:
Anode [H,(g) + 20H  (ag.) —> 2H20(l) +2e"1x2

Cathode O,(g) + 2H,0(/) + 4¢” —> 40H" (aq.)
Overall 2H, (g) + 02 (g) — 2H,0()

This type of cells are used in space-crafts Fuel cells are
efficient and pollution free. )

Thermodynamic effic:ency of fuel cells is the ratio of the
electrical free energy to the enthalpy of the reaction,

_AG
LV
CONCENTRATION CELLS

If two plates of the same metal are dipped separately into two
solutions of the same electrolyte and are connected with a salt
bridge, the whole arrangement is found to act as a galvanic cell.
In general, there are two types of concentration cells:

(i) Electrade concentration cells: In these cells, the
potential difference is developed between two like electrodes at
different concentrations dipped in the same solution of the
electrolyte. For example, two hydrogen electrodes at different
gas pressures in the same solution of hydrogen ions constitute a
cell of this type.

i
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Pt, H, (Pressure p,) | H, (Pressure p,) Pt
Anode- Cathode

"If p, > p,, oxidation occurs at LHS electrode and reduction
occurs at RHS electrode. :

By =300 10 {2 pio50c

2 ( P2) :
In the amalgam cells, two amalgams of the same metal at two
different concentrations are immersed in the same electrolytic
solution.

M@HgC)) IM™|ZnHg C,)

The emf of the cell is given by the expression

Eeon _0—0551 Soaasec

2
,,,MMEn_cmmJn_mﬁAe cells
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[ " Jcamode _ 0118 _

lo
g™ 107¢ 0.0591

" [H ;i(izmode =102

[H * Icahode =107° x10% =
. “Example 44. The emf of the cell
Ag| Agl in 0.05 M KI | Sol. NH,NO, | 0.05 M AgNO, | Ag

is 0.788 volt at 25°C. The activity coefficient of KI and silver
nitrate in the above solution is 0.90 each. Calculate (i) the

107* M

‘solubility product of Agl and (ii) the solubtlzly of Agl in pure

‘water at 25°C.

Solution: Ag* ion concentratlon on AgNO, snie

electrodes are identical but these are immersed in solutions of the

=0.9% 0.05= 0.045 M

same electrolyte of different concentrations.” The source of
electrical energy in the cell is the tendency of the electrolyte to
diffuse from a solution of higher concentration to that of lower
concentration. With the expiry of time, the two concentrations
- tend to become equal. Thus, at the start the emf of the cell is

in the following manner:
(C2 is greater than C) ).
MIM™ECHIM™(CHIM

Zn| Zn*(C)) [l Zn?*(C,)| Zn
Anode Cathode

or

The emf of thie cellds given by the following expression:

C
Ey _005911 og 2RHS) 5o r

n C wus)

The concentration cells are used to determine the solubility of
sparingly soluble salts, valency of the cation of the electrolyte
and transition point of the two allotropic forms of a metal used as
electrodes, etc.

insee8 W SoME SoLvED ExampLES\ $885:: .

""" . Example 43, A4 cell contazns two hydrogen electrodes. The
negative electrode is in. contact with a solution of 108 M
hydrogen ions. The emf of the cell is 0.118 volt at 25° C. Calculate
the concentration of kydrogen ions at the positive electrode.

Solution: The cell may be represented as

PtIH, (1atm)| H* [1H* | H, (1 atm)| Pt
iH, (1a )lm"ﬁul H » (1 atm)

Anode Cathode
(-ve) (+ve)
H, »2H" +2¢ 2H* +2¢” > H,
0.0591.  [H* 12 m
Eean =- lo _cf;a th;d :
2 [107]
[H ]

0.118=(0.0591) log

maximunrand it gradually-falls to-zero. Such-a-cell is repr@sented :

Lo fog

ion concentration in 0.05 M KI solution .
=0.05%x09=0.045M
[Ag” Jrus
[Ag dins. .
0.045 0.788
[Ag s 00591

0.045
2. 138 x10"3

=2105%x 1071 M
» Solubility product of Agl =[Ag"J[I"]
=2.105x 107" x 0.045
=9472x107"

‘Similarly I ~

0. 0591

0.045 .
cell = 1 T

[Ag s
=13.33

E

=0.0591 log

Ag* ]LHS =

Solubility of Agl = ;/Solubility product of Agl

=Jo.472x107"
=9.732x10"7 gmol L™
=9.732%x107% x143.5g L

=1.396x107° g L™
The observed emf of the cell,
Pt|Hy (lam)| H* (3x 107 M)||H* (M, )| H, (1atm)| Pt

. 'Example 45.

is 0.154¥. Calculate the value of M, and pH of cathodic
solution.

— _ 1
Solution: E_ g =0.0591]og 107
M,
or  log—ab_ =214 _56osg

3x107%  0.0591
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Ml =4.034X102 ’ -—42426)(10
3x10 - [H*] 42426 107
. X

= 2 -4 Eqy =0.0591log —28 = 0,0591log ————
M;=4034x10" x3x107 M cell ]LHS 0.9407 % 102

=0.121M . ‘

- = — 0.0204 volt

pH=-log [H]=-10g 0.121= 0917

™ Example 46. Calculate the emf of the following cell at
25°C:
PtH, |HCI|H, Pt

xample 49. During the discharge of a lead storage
battery, density of H,SO, fell from 129410 1.139 g/mlL.
Sulphuric acid of density 1.294 is 39% H, SO, by weight and that
of density 1.139g/mL is 20% H,SQ, by weight. The battery holds
3.5 litre of the acid and volume remains practically constant

2atm 10 arm during discharge. Calculate ampere-hour of which the battery
Solution: E = 0.0591 log ﬂ must have been used. The charging and discharging reactions
2 D are:

0.0591 2 . Pb+ 804— — PbS04 +2e” (chargmg)
= -2 log R\ ~PbO, + AH* + vnf + e~ === PbSO, + 2H,0 (dzge}zargmg)
= - 0.0206 volt Solution:

Weight of solution before discharge = 3500 % 1.294

cample 47. In a fuel cell H, and O, react to produce
electrzczty In the process H, gas is oxidised at the anode and O,
is reduced at the cathode. If 67.2 litre of H, at NTP reacts in 15

_minute, what is the average current produced? If the entire

current is used for electro-deposition of Cu from Cu 2 how many
g of Cu are deposited?
‘Solution: Reaction at anode of fuel cell,
Hy(g)—2H" + 2
1 31%12 2 : 2fhole
. 224L 2F
67.2 L. of H, correspond = 2x 96500 x 67.2 coulomb

Time =15 x 60 second

2 x 96500 x 67.2

=643.3 amp
224 %15 x 60

Average current =

2 X 96500

Mass of copper deposited by X 67.2 coulomb

63.5

a « 2% 96500 x 67.2
2% 96500

224

=190.5g

Example 48. Neglecting the liquid-liquid  junction
potent:af calculate the emf of the following cell a1 25°C :

" H,(latm)| 0.5 M HCOOH |\ 1M CH,COOH | (1atm) H,

K, for HCOOH and CH_,,COOH are 1.77x 107 and 1.8x 1075

respectzvely

Selution: [H' ]in HCOOH = \/C x K, \/0 5x1.77x 107

=09407x 10 M

[H*]in CH;COOH = ,[C x K, = J1x18x107°

= 4529g
Weight of H;50; "béfﬁre“di“scharge"f%“>'<~45'29"’"'*

=176631¢g
Welght of solution after dlscharge 3500x1.139
o 7 =39865¢g. -
Weight of H,SO,, after discharge = % % 3986.5,
=7973g
Loss in mass of H,SO, during discharge
=1766.31-797.3=969.01¢g
Now from first law of electrolys:s
Q xE
" 96500
O x98
96500
O = 954178.21 coulomb
Coulomb _ 954178.21
3600 3600
= 265.04 ampere-hour

12.28° COMMERCIAL PRODUCTION OF
CHEMICALS
The wide applications of electrolysis have been listed m section

12.4 of this chapter. A large namber of chemicals are produced by
electrolysis. A few of these are-described below:

969.01=

Ampere- hour =

1. Manufacture of sodium

Sodium is obtained on large scale by two processes:

P— WU
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@) Castner’s brocess: In"this process, electrolysis of fused
sodium hydroxide is carried out at 330°C using iron as cathode
and nickel as anode.

2NaOH—==2Na"* +20H"
At cathode: 2Na* +2e——2Na
At anode: 40H™ —2H,0+ 0, + 4¢

During electrolysis, oxygen and water are produced. Water
formed at the anode gets partly evaporated and is partly broken
down and hydrogen is discharged at cathode.

H,0——=H" + OH"

Atcathode: 2H" +2¢——2H—H, T

(ii) Down’s process: Now-a-days sodium metal is
manufactured by this process. It involves the electrolysis of fused
sodium chloride containing calcium chloride and potassium

and HY
ions move towards anode. The

On passing electricity, Na*
cathode and ClI” and OH"
discharge potential of H* ions is less than Na™ ions, thus
hydrogen ions get discharged easily and hydrogen is liberated.
Similarly, at anode Cl™ ions are easily discharged as their
discharge potential is less than that of OH iens. Cl, gas is,
therefore, liberated at anode.

The solution on electrolysis becomes richer in Na* and OH™
ions. K

Since, chlorine reacts with sodium hydroxide solution even in
the cold forming sodium chloride and sodium hypochlorite, it is

necessary that chlorine should not come in contact w1th sodmm
hydroxide during electrolysis.

ions move towards

2NaOH + Cl, — NaCl + NaClO + H,0

fluoride using iron as cathode and graphite as anode at about

600°C (Fig. 12.21).
NaCl=—=Na* +CI~

At cathode: Na* +e—>Na
At anode: 2C17 —Cl, + 2e
R ';‘Eﬁfdﬁﬁé';"““““““““F"ﬁs'e‘d"NéiCTI e o
Inlet for Dome CaCip + KF
fresh salt

Insulation Kerosene oil

Molten
- sodium
- B =2 B - metal
fron
cathode
+B Graphite Hood for
anode cathode

Fig. 1221 Down’s cell for exiraction of sodium

The electrolysis of pure NaCl presents the followmg
difficulties:

{a) The fusion temperature of NaCl is high, i.e., 803°C. At
this temperature both sodium and chlorine are corrosive.

(b) Sodium forms a metallic fog at this temperature.

To remove above difficulties, the fusion temperafure is
reduced to 600°C by adding CaCl, and KF. This is a cheaper
method and chlorine is obtained as a byproduct. The sodium
obtained is of high purity (about 99.5%).

2. Sodium hydroxide (Caustic soda), NaOH

Caustic soda is manufactured by the electrolysis of aqueous
solution of sodium chloride in an electrolytic cell.

Principle: A sodium chloride solution contains Na*, H",
Cl™ and OH™ ions.

NaCl==Na* +Cl~
" H,O=—H' +OH"

To overcome this problem, the anode is_é_emxai&d_ﬁamb

cathode in the electrolytic cell either by using a porous
diaphragm or by using a mercury cathode.

(i) Porous diaphragm process (Nelson . cell
process): Nelson cell consists of a perforated steel tube lined

inside with asbestos. The tube acts as a cathode (Fig. 12.22)..

Graphite anode
— Fresh brine -

=

Asbestos
lining -

Perforated
cathode

Steam

NaOH solution
Fig. 1222 Nelson cell

It is suspended in a steel tank. A graphite rod dipped in sodium
chloride solution serves as anode. On passing electric current,
chiorine is liberated at the anode and let out through the outlet.
Sodium ions penetrate through the asbestos and reach the cathode
where hydrogen and OH™ ions are formed by reduction of water.
Sodium ions combine with OH™ ions to form NaOH which is
collected in the outer tank while hydrogen is drawn off through
the outlet. The steam blown during the process keeps the
electrolyte warm and helps to keep perforation clear. :

NaCl==0Na* + CI~
2H,0+2e<—H, +20H"
Na® + OH™ ==NaOH

" (in solution)
At cathode:
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At anode: 201" —Cl, +2¢

The solution containing NaOH and NaCl as impurity is taken
out and evaporated to dryness.

(ii) Castner-Kellner cell: This is the common cell in which
mercury is used as cathode. The advantage of using Hg as a
cathode is that the discharge potential of Na* ions is less than
that of H" ions. Na* ions get discharged on mercury and the
sodium so deposited combines with mercury to- form sodium
amalgam. The cell consists of a large rectangular trough divided
into three compartments by slate partitions which do not touch
the bottom of the cell but dipping in mercury as shown in the
Fig. 12.23.

Dilute NaOH solution

At anode: Na— amalgam —— Na* + Hg + ¢
At cathode: 2H,0+2¢ — H, T + 20H"

The concentrated solution of sodium hydroxide (about 20%)
is taken out from the inner compartment and evaporated to
dryness to get solid NaOH.

(iif) Kellner-Solvay cell:' This is the modlﬁed cell. This cell
has no compartments. The flowing mercury as shown in Fig.
12.24 acts as cathode. A number of graphite rods dipping in
sodium chloride solution act as anode. A constant level of sodiump
chloride solution is maintained in the cell. On electrolysis

_ chlorine gas is liberated and Na* ions are discharged at cathode

(mercury). Sodium discharged dissolves in Hg and forms
amalgam. This amalgam flows out in a vessel containing water.
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ron qathode Sodium hydroxide is formed with evolution of hyd.rogen
Clp «—— (= Cly
Slate - . Slate- CI2 ) | Brine in .
partition === E=F1 partition -
H o Spent
NaCl = [epalepdnginpdoiny Tng NacCl
so!utl\=3 .71 solution brine : ,
e | Mercury in
- 2 el B |
..... Graphite-  =¥=: 21 - Graphite— - - i B E
_anode ‘anode Amalgam out

Mercury Fig. 12.24 Keliner-Solvay cell ;
‘ Preparation of pure sodium hydroxide: Commercial :

Eccentric wheél Groove '
Fig. 12.23 Castner-Keliner cell

. The mercury can flow from one compartment into other but
the solution kept in one compartment cannot flow into other.
Sodium chloride solution is placed in the two outer compartments
and a dilute solution of sodium hydroxide in the inner
compartment. Two graphite electrodes which act as anodes are
fixed in the outer compartments and a series of i iron rods fitted in
the inner compartment acts as cathode. Mercury in the outer
compartments acts as cathode while in the inner compartment it
acts as anode by induction. The cell is kept rocking with the help
of an eccentric wheel.

When electnc1ty is circulated, sodium chlonde in the outer
compartments is electrolysed. Chlorine is evolved at the graphite
anode while Na* ions are discharged at the Hg cathode. The
liberated sodium forms amalgam with mercury.

NaCl=—=Na"* +CI”

At anode: 2C1" —2C1 +2e—— Cl,

At cathode: Na* +e¢—>Na

Na + Hg —-—)Amalgam

The sodium amalgam thus formed comes in the inner
compartment due- to rocking. Here, the sodium amalgam acts as
the anode and iron rods acts as cathode.

sodium hydroxide is purified with the help of alcohol. Sodium
hydroxide dissolves in alcohol while impurities like NaCl,
Na,COj;, Na,S0,, etc., remain insoluble. The alcoholic filtrate
is distilled. The alcohol distills off while pure solid sodium
Yydroxide is left behind.

3. Manufacture of aluminium

Aluminium is manufactured from pure bauxite ore by
electrolysis. The bauxite ore usually contains impurities such as
iron oxide, silica, etc. These impurities are first removed by the
application of the following methods in order to get pure
alumina, i e., pure bauxite ore;

(a) Hall’s process; (b) Baeyer’s process; (c) Serpeck’s
process. ’

Electrolytic reduction of pure alumina: The electrolysis
of pure alumina faces two difficulties: (i) Pure alumina is a bad
conductor of eléctricity and (ii) The fusion temperature of pure
alumina is about 2000°C and at this temperature when the
electrolysis is carried of the fused mass, the metal formed
vapourises as the boiling point of aluminium is 1800°C.

The above difficulties are overcome by using a mixture
containing alumina, cryolite (Na,AlF; ) and fluorspar (CaF, )in
the ratio of 20 : 60 : 20. The fusion temperature of this mixture is
900°C and it is a good conductor of electricity.

The electrolysis is carried out in an iron box lined inside with
gas carbon which acts as cathode. The anode consists of carbon
rods which dip in the fused mixture of the electrolyte from above.
The fused electrolyte is covered with a layer of coke (Fig. 12.25).

|




Frozen crust of alumina and
electrolyte

_ [—Dynamo '
Control

L 5

* aluminium

Carbon lining
Fig. 12.25 ,

The current passed thmugh the cell serves two purposes:

(i) Heating of the electrolyte: The temperature of the cell is

automatically maintained at 900 — 950°C. (ii) Electrolysis: On
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electrolytic cell consists of an iron box lined inside with carbon.
The cell consists of three layers which differ in specific gravities.
The upper layer is of pure aluminium which acts as cathode. The
middle layer consists of a mixture of the fluorides of Al, Ba and
Na. The lowest layer consists of impure aluminium which acts as
anode. The middle layer works as electrolyte.

Graphite rods and Insulator
oL o copper clamps
Pure = Mg Impure
g‘a"‘t{]"éggm aluminium
Tapping
hole - N — e s
Iron cell

~— NaF + Al
+ Ban

Cu, Al, Si
alloy anode

passing current, aluminijum is discharged at cathode. Aluminium

(electrolyte)

Carbon

being heavier than the cléctrolyte sinks to the bottom and is
tapped out periodically from a tapping hole, Oxygen is liberated
at anode. It attacks the carbon rods forming CO and CO,. The
process is continuous. When the concentration of the electrolyte
decreases, the resistance of the cell increases. This is indicated by

alumina is added. A
The exact mechanism of the electrolysis is not yet known.
Two conceptshave beenproposed.
First concept: AIF; from cryolite ionises as:
AlF, == A1** +3F
Al1%* ions are discharged at cathode and F ~ ions at anode.
Al** +3e—— Al (at cathode)

2F" —3 E, + 2e(at anode)

The liberated fluorine reacts with alumina to form AIF; and
O,. The oxygen attacks the carbon anodes to form CO and CO,.

Al,0, +3F, — 2AIF, + % 0,

2C+ 0y — 2C0O
C+ 02 ey C02

Anodes are replaced frequently.
Second concept: Alumina (Al,O;) ionises as:

ALO, == AI”" + AIO}"

Cathode  Anode
Al* 43¢ —— Al (at cathode)

At anode AlQ7 is oxidised.

4A103" —— 2A1,0; + 30, +12¢(at anode)

Thus, the overall chemical reaction taking place during
electrolysis is,

2A1203 —3 4Al + 302

Aluminium of 99.8% purity is obtained from this process.
Refining of aluminium by Hoope’s electrolytic method:
Aluminium is further purified by Hoope’s process. The

... the glowing of a lamp placed in parallel. At this stage more of

. g
Fig. 12.26 -

The graphite rods are dipped in pure aluminium and Cu-Al
alloy rods at the bottom of impure aluminium work as

~ conductors. On_electrolysis, -aluminium is deposited at the

cathode from the middle layer and an equivalent amount of
aluminium is taken up by the middle layer from the bottom layer
(impure aluminium). Therefore, aluminium is transferred from
bottom to the fop layer through middie layer while impurities are
left behind. Aluminium thus obtained is 99.98%.

4. Isolation of fluorine

Fluorine presented many difficulties in its isolation. It
remained a difficult problem in chemistry for many years and
after a hard labour of many chemists for about 75 years it could
be isolated finally by Moissan in 1886. The reasons for its late
discovery were its high reactivity and non-conducting nature
of hydrofluoric acid. Fluorine attacked the material of the
vessels used for its isolation. Carbon vessel was attacked with
formation of CF, and platinum vessel was reduced to chocolate
powder. The vessels of other metals were also affected. Platinum
and carbon could not be used as electrodes. Another difficulty
experienced was that when the electrolysis of aqueous
hydrofluoric acid was carried out, hydrogen and oxygen (ozone)
were obtained and when anhydrous hydrofluoric acid was tried it
was found to be a bad conductor of electricity.

Moissan finally solved the problem and isolated fluorine by
the electrolysis of anhydrous hydrofluoric acid in the presence of
potassium hydrogen fluoride using Pt-Ir alioy vessel at -23°C.
The electrodes used were also of Pt-Ir alloy.

Modern methods of isolation: In modem methods,
fluorine is prepared by electrolysis of a fused fluoride (usually
potassium hydrogen fluoride, KHE,). The electrolytic cells are
made of copper, nickel or monel metal. The anode is generally of
graphite and the fluorine set free contains some carbon
tetrafluoride.
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Reactions in the electrolytic cell

KHF, —» KF+HF

|
SN

Cathode Anode
K*¥+e-K F-—F+e
K+HF 5 KF+H 2F - F,

2H - H,

The following precautions should be taken in the preparation
of fluorine:

(i) The electrolyte must be completely dry. In presence of
moisture, the evolved fluorine reacts with moisture to form O,

NaF + HF —> NaHF,

4 Bakelite.
stoppers

electrode

resistance

furnace Fused KHF,

Cdpperwu-tubes
Fig. 12.27 ' '

The followmg dlfﬁculty is experienced in thlS method:

Theolih
LS uv Jei¥ivig

(i)~ The pwﬁﬁewmmmww—@wm%m ape-

fluorine must be free from oil and grease.

(i) The vessel in which fluorine is collected should also be
absolutely dry.

(iv) The gas must be made free from HF before storing by

.. passing through sodium fluoride (NaF), otherwise HF will attack

the vessel.
Note: HF is more corrosive and reactive than fluorine.

Dennis method: The electrolytic cell used in this method
consists of a V-shaped copper tube (5 cm in diameter) fitted with
copper caps. Graphite electrodes through these caps are sealed
and insulated in the tube by bakelite cement which is not affected
by fluorine. The cell is covered with an insulating layer of
asbestos cement over which is wound a resistance wire for
electrical heating. The tube is thlckly lagged to prevent the loss of

- heat,

The electrolyte consists of fused potassium hydrogen fluoride
which has already been dried for 48 hours at 130°C. The
. electrolyte is kept in fused state by elecirical heating externally.
For electrolysis, a current of 5 ampere and 12 volt is used. On
electrolysis fluorine is liberated at anode. To make the liberated
fluorine free from HF vapours, it is passed through copper
U-tubes containing sodium fluoride. -

inthe electrolyte. There are, thus, chances of rmxmg of H2 and Fz
which may result in explosion. - To avoid this, a modified
apparatus has been devised by Whytlaw-Gray.

Whytlaw-Gray method: It consists of a copper cell wound
with resistance wire for electrical heating. The pure graphite

anode is enclosed in a copper cylinder which is perforated at the
bottom (Fig. 12.28). The electrolysis of fused KHF, is carried out
in this cell. The escape of fluorine is fast enough and thus no
frothing in the electrolyte occurs. There are no chances of rmxmg
of H, and F, in this cell.

Fluorine . Fluorspar
-— _ stopper
Copper cell
\ Copper
diaphragm
o Graphite
e 0 anode
Q o)
a o] ~
d >— Heating coil
g o]
a -
Q
g Fused KHF;
g
q
g

Fig. 12.28
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ample 1. Adnodic oxidation of ammonium hydrogen
sulphate produces ammonium persulphate.

NH HSO, —> NH,SO; +H *
2NH SOy — (NH ), 8,04 + 2¢~ (Anodic oxidation)
- 2H "'+ 2e™ — H, (Cathodic reduction)

When MnO, will be used up in cathodic process,

Solution:
the dry cell will stop to produce current.
Cathodic process

+3
' zMno2 (s)+Zn*" + 2 —— ZnMn,0,

. Molecular mass
; ; Equivalent mass of MnO, = - e
lydrolysis of ammonium persulphate forms H,0,. ‘ Change in oxidation state
(NH,), 8,05 + 2H,0 — 2NH ,HSO, + H,0, 87
Ciirrent efficiency in electrolytic process is 60%. Calculate the = T =87
amount of current required to produce 85g of H,0, per hour. , ,
Hydrolysis reaction shows 100% yield. From first law of electrolysis,
_Solution: Given, __IiE
(NH,), $,0, + H,0— 2NH,1HSOd +H, 0», 96500
EZTEN o 34g ‘

34 g H;0, is produced by 228 g (NH4)ZS2 O

*. 85 gH,0, will be produced by 2%48 x85g (NH4)2 8,0,

Equivalent mass of (NHd)i S,0; may be calcuiated using the
following reaction;:

2NH4SO4 ———)(NI-L;)2 8208 +2e
Equivalent mass <>f(NH4)2 8208, = M -28 114
From first law of electrolyéis, -
_ IiE
96500
I'x 3600% 114
96500

570=

I =134.0277 ampere

Given that, current efficiency is 60%, the actual amount of
current

o
_100. 1340077
60

=223.379 émpere
i nple2. In a zinc manganese dioxide dry cell, the
anode is made up of zinc and cathode of a carbon rod surrounded

by a mixture of MnO,, carbon, NH,Cl and ZnCl, in aqueous
base.

The cathodic reaction may be represented as:

2MnO, (s)+ Zn** + 2e” —— ZnMn, 0, (s)

Let there be 8 g MnO, in the cathodic compartment. How
many days will the dry cell continue to give a current of 4 x 107
ampere?

_4x107 x1x 87
96500

t=2218390.8 second

22183908 = 25.675 day
3600x 24

mple3. Ten gram of a fatrIy concentrated solution of
cupric sulphate is electrolysed using 0 01 faraday of electricity.
Calculate: , .

() The mass of the resw’tmg solutzon

- (i) The number of equivalents of acid or alkali in the
solution.

Solution: Electrode process during electrolysis of aqueous

CuSO, may be given as:

Cu?* +2¢~ — Cu (Cathode)
20H —> HZO + %40, +2e” (Anode)
- Mass of copper deposited at cathode by 0.01 faraday charge
=0.01x31L.75
=03175¢g
(Here, 31.75 is the equivalent mass of Cu?*.)
Mass of oxygen evolved by 0.01 faraday charge
=001x8=008¢g
Total weight loss from solution = 0.3175 + 0.08 = 0.3975 g
Mass of resulting solution = 10— 03975
=96025g
After deposition of Cu®* and OH™ ions at the respective
electrodes, H, SO, will prevail in the solution. 0.01 faraday of
el tricity will result in 0.01 equivalent of acid.
KExampled. 4 current of 40 microampere is passed
through silver nitrate solution for 16 minutes using platinum
electrodes. 50% of the cathode is occupied by a single atom thick

silver layer. Calculate the total surface area of the cathode if one
silver atom occupies 5.5x 107'% cm? surface area.
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Solution: Mass of silver deposited may be calculated
according to Faraday’s first law of electrolysis.

_ IE
96500
_40x107° x 60x 16x 108
A - 96500

C=42976x107% g
Total number of deposited ‘Ag’ atoms

» -6
= A2976x107 ¢ 023 102
108 |

=2.3967 x 10! atoms

Surface occupied by deposited silver _
= number.of silver atoms X area-occupied-by-a-single atom

‘ Mimple6 The specsf e conductzvzty of a saturated
solution of silver chloride is 2.30% 107 mho cm™, at 25°C.
Caicm’ate the solubility of silver chloride at 25°C zf k =619
mho cm* mol ' and }\. =76.3mho em® mol ~

Solution: Let the solub111ty of AgCl be s gram mole per litre
Dilution = 1000 (;OO

AAgCl = }\'Ag"L +’}&-Ci_

=619+763
=138.2 mho cm” mol™
Sp. conduct1v1ty X dilution = A%, =138.2

=23967X 107 X5 5% 10716
=131.818 cm?

Since, dep031ted silver occuples 50% of total area of cathode
hence,

Total surface area of cathode =2x 131 818
=263.636 cm®

7 ZExample 5. A pin of 2cm length and 0.4 em diameter was
placed in AgNO; solution through which a 0.2 ampere current
was passed for |0 minute to deposit silver on the pin. The pin was
used by a surgeon in lachrymal duct operation. The denszty of
silver and electrochemical equivalent are 1.05x 10* kg m™ and

1.118x 1078 kg/coulomb respectively.- What is: the thickness of

silver deposited on the pin? Assume that the tip of the. pin
contains negligible mass of silver?

Sulutlnn: From Faraday’s first law,
W ZIt

= 1.118x 107 x 0.2x 10 60 = 134><10"’L kg

e
AL YN 10'8
=1277%107% cm® ' . ()

' Surface area of pin = 21k ,

=2x3.14x02x2 -
=2.512cm?

Surface area may be treated as that of a rectangle of length *#’
and breadth 2nr. Let the thickness of the coating be ‘d” cm. Then

Volume of the occupied metal = 2.512x d cm’ -G

From equations (i) and (ii), we get
1277x107% =2.512xd

d =0.5083x 107 cm
=5,083%x 107> metre -

k1o 1000 e o
TeIUXTUTTX J0.2
s
= 230X107 1 66% 107 mol per litre
138.2 o

=1.66x 107 x 143, SgL'"
=2382x107 gL 7!

“Example 7. Resistance of a solution (A) is 50 ohm and
th f solution (B) is 100 ohm, both solutions being taken in the

~ same conductivity cell. If equal volumes of solutions (4) and (B)

are mixed, what will be the resistance of the mixture, using the
same cell? Assume that there is no increase in the degree of
dissociation of (4) dand (B) on mixing.

Selution: Let us suppose ¥, and K, are the specific
conductances of solutions ‘4’ and ‘B’ respectlvely and cell
constant is * y’. We know that,

Spemﬁc conductance Conductance x Cell constant .-

' 1
For (4 Ky = X
. ( ) 15 y
1
For (B), Ky = e X
N (8) 2 100 Y

'When equal volumes of (4 yand (B) are rmxed the volume

_ becomes double. Then,

+K
Specific conductance of mixture = —1——3

K +%x, 1°
—_— = e X
R ietd

1y » ] 1
2150 100 R
1 -1 1
g =
100 200 R
R= 200{ 3= 66.66 chm
Example 8 A bzg zrregular shaped vessel contamed water,
speczf ic conductance of which was 2.56x10™° mho cm™. 500 g

of NaCl was then added to the water and the specific
conductance after the addition of NaCl was found to be

*
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3.1 107 mho cm™ . Find the capacity of the vessel if it was fully
filled with water. (A” NaCl=149.9 ohm™ cm® eg™') -
Solution: Let us suppose the volume of vessel is ¥ mL
Volume containing 1 equivalent
Volume
Mass/ equivalent mass
Vv
500/58.5 8.547
Specific conductance of NaCl
= Specific conductance of NaCl solution
— Specific conductance of water
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= (66X 107" + 5.7 107% ) x 96500
- =118.690hm™ cm’ eq”

Example 11.  For the cell reaction,

Mg | Mg** (ag.)|| Ag* (ag.)| Ag

calculate the eguilibrium constant at 25° C and maximum work
that can be obtained by operating the cell.

E;{gz*/Mg =—2.37volt and E:g+ng =+ 0.80 volt

Solution: Egy =0.80+2.37=3.17 volt

=3.1% 107 ~2.56x 1075 g K, = Eean
s 1 0.0591
=0.54 X 10~ mho cm”
2x3.17 ,
A=K Xvolume contaming [ equivalent of electrolyte ...(2) = 0501 =T072758

Forvery dilute Soluticn, when the big vessel s Tully tilled
" Ac = 149.90hm™ cm? eq”!

Thus, fromeq. (i),

14992 054%10°° X
8547

V=237258.38L "

-~Example 9. - 40.05N solution of a salt occupying a volume
between two platinum electrodes separated by a distance of 1,72
cm and having an area of 4.5 cm® has a resistance of 250 ohm.
Calculate the equivalent conductance of the solution.
Solution: B » ‘
Specific conductance = conductance X cell constant

K=C><~£—
A

11
T e XK
R 4
1 _L72
= X
250 45
=1.5288x 107 ohm™ cm™
A, =KX 1000
N
1000
0.05
=30.560hm™ cm” eq !
"Example 10. 47 18°C, the mobilities of NH} and CIO;
ions are 6.6x 107" and 5.7x107* cm® volt ™ sec™" at infinite
dilution. Calculate the equivalent conductance of ammonium

chlorate solution. ‘

ntion: m = ° b
Selution: ARy 0, }“NHI Jr)\,ClOZ

=1.5288x 107 x

= (UNH:{ : +'Ucm VE

K, =189x10"
_AG= maximum work
| SHFE® =2x96500x3.17
= 6118101

ww:: Example 12,  Zinc granules are added in excess to 500mL
of 1.0 M nickel nitrate solution at 25° C until the equilibrivnt is
reached. If the standard reduction potentials of Zn** /Zn and

Ni** INi are —0.75 and —0.24 volt respectively, find out the

concentration of Ni>* ions in solution at equilibrium, (BT 1991)
Solution:  The reaction to be considered is,

Zn(s)+ Ni** (ag. ) == Zn* (ag.) + Ni(s)
The cell involving this reaction would be,
Zn(s)1Zn** (ag.) || Ni** (aq.) | Ni(s)

E; —-0.24+0.75=0.51volt

cell =

log K., = AFES _ nE° _2x051 ...
2303RT  0.0591  0.0591
So, Ky =1.78x10Y

Let x be the concentration of Ni%* that have been reduced to
nickel at equilibrium. ,
Zn(s)+ Ni** (ag. ) == Zn* (ag. ) + Ni(s)

(1.0=x) x
2+ ‘
W= L2 y5k107
Ni©'] (-2
x=1.0M
1.0

So, (1-x)=[Ni**]= =56%x107"% M

178 x10"

Example 13. The standard reduction potential of
Cu™ /Cu and Ag* | Ag electrodes are 0337 and 0.799 volt
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respectively. Construct a galvanic cell using these electrodes s0
that its standard emf is positive. For what concentration of Ag™

will the emf of the cell at 25° C be zero if concentration of Cu®" is
0.01 M? (11T 1928)

Solution: Given, £ ={1.337voltand EZU+ he= 0.799

o .
Cu?* fCu
volt. The standard emf will be positive if Cu/ Cu®* is anode and
Ag™ / Agis cathode. The cell can be represented as:

Cu|Cu®™ |lAg" | Ag
The cell reaction is, '
Cu+2Ag*t —— Cu?* +2Ag
E_.; = Oxid. potential of anode + Red. potential of cathode
=-033740799 ’

- 819

(ii) E.y =078+ log (107 )

0.0591
2

[For neutral solution [H *1=107" M ]
=0.78-0.0591x 7
= {(0.367 volt

- Example15. The emf of a cell corresponding to the
reaction,

Zn+2H " (aq.) —> Zn®* (0.1M)+ H, (g) latm
is 0.28 volt at 25° C. Write the half-cell reactions and calculate

- the pH of the solution at the hydrogen electrode.

Q

- © —
i 0.76 volt and J’j‘}ﬁm2 =

0

Selutioni: * £, = 0.76 volt

= 0.462-velt -
Applying the Nernst equation, : «
0.0591, [Cu?"]
1Og + 12
Z - lAgT]
Wheniw,,.. o ECCII=0 e e e e
0.0591, [Cu?*]
E:ell = — log T
: 2 [Ag"]
log JCU™"1 _ 0462 2
[Ag*]?  0.0591

2 '
Cu™1 _ 4 3100% 10"
[Ag* T : :

[Ag*) =

1o
Ecell =Eceli -

or

=15.6345

0.01
43102 <10
=0.2320x 10717
=2320%107"
[AgF1=1523%10"° M
Example 14. The standard reduction potential for the
half- cell having veaction,
NO3 (ag. )+ 2H (ag. )+ e~ — NO,(g)+ H,0
is 0.78 volt,
(1) Calculate the reduction potential in 8M H™ .

(if) What will be the reduction potential of the half-cell in a
neutral solution?
Assume all other species to be at unit concentration. (37 *1 .4
Solutien: (i) Applying the formula,
: 0.0591 log [H 12

<O
Ered =Ered +

075+ 001

log 8’

-=0.78+ 0.0591%x 3x 0.3010
= (.833 volt

Applying Nernst equation,

2+ 4
Ecelt ;E:ell - 00591 lo [Zn [[Hz]
2 [H+]2
028=076- 20591, ODx1
0.1 _2x048

log

[H*]?  0.0591

log0.1-log{H™ 1? =16.2436 [Since, — log [H* 1= pH]

2 pH=16.2436 — log 0.1

17.2436

H=— =8.6218
P 2

Example 16. Calculate the solubility product constant of
Agl from the following values of standard electrode potentials.

E:g+/Ag =0.80yo!t and E7; 4o 14 %—0.1Svolt at 25°C.

Selution:  Solubility product of Agl = [Ag™ J[1 ]
[Note: See chapter 10 for solubility product.]

Two half reactions for the cell are:
Ag—Ag" +e” Anode (Oxidation)

Agl+e” —— Ag+1 Cathode (Reduction)

Cellreaction  Agl ——Ag* +1”

Applying Nernst equation,

v
= Ecell -

E

0.0591,  [Ag"1"]
1T [Agll

cell
At equilibrium, E g =0 and [Agll=1 y

1a)

£
So, logl[Agh][I ]=—%l_
glAgm 7] 50591

E2, =-0.80-0.15=—0.95 volt
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0.95
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: 0.25=0.0591pH
log [Ag*][I” ]= - —=— = —160744
g[ g"ir] 0.0591. 025
Solubility product of Agl =8.4x1077 0.0591
. R + 42
- Example 17.  The standard reduction potential of Ag™ / Ag {b) - =E; T 0'02591 log [I; ]
. 2 2
electrode at 298K is 0.799 volt. Given for Agl, K, =87x 10‘”‘ TH,
evaluate the potential of the Ag /Ag electrode ina saturatea’ 0.0- 0,051 1 [H*]
solution of Agl. Also calculate the standard reductzon potential of - T o8 .
- thel™ /Ag[/Ag electrode. (1T 1994) 03 =>00591PH
Solution: In the saturated solutlon of AgI the half-cell 03
reactions are: ’ H=——=15076
| Agl+e —>Ag+I~ Cathode (Reduction) 0.0591
Agl+e” —Ag+ athode (Reduction
g g wLExample 19. The emf of the cells obtained by combmzng
Ag——>Ag" +e”  Anode (Oxidation) zinc and copper electrodes of the Daniell cell with calomel
R — o electrodes are 1083 volt and — U018 volt respectively at 25°CIf
Celireaction Agi Ag* 1~ e Feduction pamﬁmmwmwmﬁmmvoih—~ '
o C o find the emf of the Daniell cell.
E Azt iAg = E o* IAg +0.0591 Iog[Ag*&] Solution: For the cell Zn electrode || Calomel electrode

[Ag ][1 ] Ksp(AgI)—[Ag ] 'lI ]

So, [Ag P -87><10“” |

 [Agt1=487 ><10"17 =9.3x107

Substltutmg the value of E ot Ig

and [Ag"1in the above
~ equation. ' ‘

E, +1ag = 0799~ 0.059T10g (93x10°)

© =0.324 volt
Egy =0.0591log K ,(Agl)
=0.0591log (8.7x 10717 )
=-0.95 volt

EZy = Oxid. pot. of anode +Red. pot. of cathode

Red. pot. of cathode E° -0.95-(-0.799)

1" iAgliAg
=-0.95+0.799
=-0.151volt

Example 18. Calculate the pH of the following half-cells
solutions: ‘

(@) PtH,(latm)| H * (HCI ); E=025volt

(b) PtH,(1am)| H * (H,S0, ); E=03volt

Solution: (@ H, —2H" +2¢

e 0.0591, [H']?
Euzm" —EHQJH*— 2 log Py

2

[H*]

=0.0-0.05%1 log

Eq = = Oxid. pot. of Zn electrode + Red. pot. of calomel electrode

For the cell

. . Cu electrode || Calomel electrode
Eogq = Ode pot. of Cu electrode + Red. pot. of calomel electrode .
So, oxid. pot. of Cu electrode = - 0.018 — 0.28 = - 0.298 volt

For the Daniell cell,

So, oxid. pot. of Zn e]ectrode 1 083 0.28 = 0. 803 volt

Zn electrode || Cu electrode
E_ . = Oxid. pot. of Zn electrode + Red. pot of copper electrode
=0.803+0. 298=1.101volt

' Example 20.. The Edzson storage cell is represented as:
Fe(s)l FeO(s)| KOH(aq.)| Nl203 (s)! Nz(s)
The half-cell reactions are:
N2203 (s)+ HO(l)+ 2e” —> ?_NzO(s) +20H";
=+ 0 40volt
FeO(s)+ HzO(I)Jr 2e” —>Fe(s)+ 2OH ;
T E°=— (187 voz't
(a) What is the cell reaction? :

(b) What is the emf of the cell? How does tt depend on the ;
concentration of KOH?

(c) What is the maximum amount of energy that can be ,
obtained from one mole of Ni,O,? (1T 1994)
Solution:  Actual half reactions are:

Fe + 20H™ —— FeO+ H,0+ 2e” Anode (Oxidation)
Ni,O; + H,O+ 2¢” —— 2NiO+ 20H”  Cathode (Reduction)
Thus, the cell reaction is:
(a) Fe + Ni, O3 —— FeO + 2NiO

0.0591 NiOJ*[FeO]
log OV PO _ po
2 [Fe][Ni, 05 ]

o
—Ecell -

b E

cell
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[NiO]?[FeO]

[Since, -
[FeliNi,04]

=1 as all are solids]

= 0.87+ 0.40=1.27 volt
The emf of the cell is independent of KOH concentration.

(c) Maximum amount of electrical energy

24+ 2+ 12
0=E%, - 0059110g {Hgs " 1[Fe™™ ]
2 [Fe3+ ]2
o]
' =(Engmg%+ EFe3+/Fez+)

2
1073 x95)[ 1073 x 95

0.0591 ‘ 2x 100 100 ;

—_— : 10g . 3

=nFE® 2 -1 2
o v A 1077 x5
=2x96500x1.27 ' 100
=245.11kJ 5 = o774 00591 log (95)* x 107°
Example 21. The normal oxidation potential of zinc Hermgdt ~ O 2 25%2
reﬁzn‘ed to the standard hydrogen electrode is 0.76 volt and that = —(0.77+ 0.0226
of copper is — 0.34 volt at 25° C. When excess of zinc is added to a =-(077+0. )
solution of copper sulphate, the zinc displaces copper tzll = — (0,7926 volt
“jqudﬁnmmched—%atwmmm@ccmwenrugyuyc of Zn*
i Hibrium? F:;gf*/ug =+ 0.7926 volt

Solution: The reaction is,
Zn + CuS0, — Cu + ZnS0O,

or  Zn+ Cu*? —> Cu+2Zn*
,,,,,,, e 00591 [Zn2]
Ecel] ?cell 2 ‘108 [Cu2+]
At equilibrium, E o =0
o 0.0591 [Zn?"].
Eccﬁ = 2 l og [Cu2+]
or lo [Znh]=2 X Eqyy :
[Cu®*] 0.0591
(Egy = 0.76+ 0.34 =1.10 volt)
_2XLI0 oo
0.0591
2+
Zn" 1_ 1 679x 1037 1
[Cu +] .

Eiample 22. An excess of liquid ’mercuvry is added to an
acidified solution of 1.0x 107 M Fe**. It is found that 5% of

Fe** remains - at equilibrium at 25°C. Calculate E

2+ / H
‘ assuming that the o:_tfy reaction that occurs is
2Hg + 2Fe> — Hg2* + 2Fe™
(Given, EFe3+IFeZ+ = 0,77 volt}. (IT 1995)
Solution:
2Hg + 2Fe’* — Hg3* + 2Fe™

-3 -3 -3
At equilibrium, excess 10" x3. 107 %35 10, x93

100 2x100 . 100

At equilibrium, E,g =0

“ZExample 23. Prove that for two ka{f reactions havmg
potentials E, and E, which are combined to yield a third half
reaction, having a potential E 35

SRR L . L N
, n,
Solution: AG, = AG, + AG,
;n3FE3 =- anEl - ﬂzFEz
or _ nyEy =nmE, +n,E,
or : E;= W
R3
i Example 24 What is the standard potential of the TI** | TI
electrode? » ’
TP 42" —TIY;,  E°=1.26volt
Ti*+e —T;  E°=-0336volt
Solution: '

TI** +2¢” — T1*; nFE°=2x 126X F = 2.52F

TI" +¢” —>Tl; nFE°=1x(-0336)x F =—-0336F
Adding '
T 4+ 3e- T, Ee- 2.52F —0.336F _2.184
_ nk »3
=0.728volt

~ Example 25. Calculate the minimum mass of NaOH

required to be added in RHS to consume all the H ™ present in

RHS of the cell of emf + 0.701 voit at 25° C before its use. Also
report the emf of the cell after addition of NaOH.

Zn| Zn®* || HCI | Pt(Hyg); E, e = 0760V
01M 1litre ™ Latm :
Solution: The cell reaction is,

Zn+2H* —Zn™ +H,
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Applying Nemnst equation,

" -13
—0.059110g 3310 02

E o_ 00591, [Zn b 0.001 . 28x107%0
en =E°— ) _
el 2 [H' 2 =~ 0.0371 volt |
i 702t The cell potential is negative; therefore, the cell reaction is
0.701= 0.760 0.0531 log [Zn7" ] non-spontaneous. For “spontaneous reaction emf should be
2 [H']? positive. Therefore, the correct cell reaction is
, Ag|AgBr;KBrl|KCl, AgCl |Ag
So. loglZnil_00591x2 . Anode Cathode
[H+] 0.0591 . Example 27. The following electrochemical cell has been
[Zn 24 ] Set-up
or « T =10? Pt(1)|Fe** ,Fe* (a=1)||Ce 4 ,Ce > (a=1)Pt(2)
0 . E° (Fe*t [Fe** Y= 071V; E°(Ce* ICe* y=1.61V
[H']? = =107 If an ammeter is connected between the two platinum electrodes,
10° prea’zct the direction of flow of current. W;t!l the current increase
[HT=00316mol 1o ordecredse With time? TIT 2000)
" mmnrwﬂfﬁmv‘ﬁrwerrm—ﬁ‘—iW B
Thus, 0.0316 mol/litre of NaOH is reqmred to neutrahse H"  electrode to lower reduction potential electrode, i.e., from Pt(2)
ions. ;

Mass of NaOH = 0:0316 x Mol. mass of NaOH
=0.0316x40=1264 ¢

-—-After addition-of NaGOH; the solutionrbecomes netifral, i jthe

concentration of H * ions in cathodic solution becomes 1077 .
Applying again Nernst equation,

o 00591, [Zn?"]

Eey = Ecey = 2 log [H+ ]2
=0.760- 222105 %L 03750 volt

2 (107")

‘Example 26. For the galvanic cell,
Ag| AgCi(s), KCI{0.2 M }|| KBr (0.001 M), AgBr(s)| Ag

Calculate the emf generated and assign correct polarity to each
electrode for the spontaneous process after taking into account
the cell reaction at 25° C.

=33x107"

~10,
Given, K g, yoc; =2.8%x107°; K (T 1992)

sp Aghr
Solution:

E cell = E Oxid. pot. LHS electrode +E Red. pot. RHS electrode

[+

=E° ~0.05911og [Ag* I s + £

Oxid. pot. Ag/Ag Red. pot. Ag*iAg

+0.05911og [Ag" Trus
00591 log LA Triis [Smce E° . +E°, =0]
[Ag Tous A /Ag Agtiag
KspAgBr
= 00591 log 2"
sp Agll
[C1]

electrode to Pt(1) electrode.
Ey =1.61-0.77=0.84 volt
__Example 28, Copper sulphate solution (250 mL) was

electrolysed using a platinum anode and a copper cathode. A
constant current of 2mA was passed for 16 minutes. It was found
that after electrolysis the absorbance of the solution was reduced
to 50% of its original value. Calculate the concentration of
copper sulphate in the solution to begtn with. (11T 2066

Selution: Number of faraday passed through the aqueous
solution of CuSO,

Ixt  (2x107)x16x 60
96500 96500

Thus, number of equivalents of CuSO, involved in
electrolysis from 1 litre solution

=4%x198%x107° =792x107°

=1.98x107°

Since, after electrolysis, the absorbance reduces to 50% hence,
initial number of equivalents of CuSO, per litre

=2x792x107°
=1.584x 107
or Normality of CuSO, solution = 1.584 x 107* N

Example 29. A4 silver electrode is immersed in saturated
Ag,8504(aq. }. The potential difference bewveen silver and the
standard hydrogen electrode is four/7 o be 0.711 V. Determine

K, (A4g,50,). (Given, E3g+mg =0.7997) LT 2000)
Selution: The cell may be represented as:

Pt(H, latm)|H * (1M)||Ag" (salt) | Ag(s)
o (e [e]
" Ecan :E;\g+{Ag 2 *{H,

=0.799~0=0.799V
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Given, emfofthecell =0.711V

H, +2Ag" —2Ag+2H"

l 823
Example 32. The standard potential of the following cell
is 023V at15°C and 0.21V at 25°C

PtH,(g) | HCl(ag.) || AgCl(s)| Ag(s)

12 %12
[Ag] =T x1 1+ > (i) Write cell reaction. ‘
[H,[Ag” P ] x[Ag"]? [Ag ] (ii) Calculate AH® and AS® for the cell reaction by assuming
: : that these quantities remain unchanged in the range 15°C to
> t
Applying Nemst equation, 250C
o po_ 00591, (iii) Calculate the solubility of AgCl in water at 25°C. Given
the standard reduction potential of the Ag™ | Ag couple is 0.80
_ _ 0.0591 1 volt at 25°C. (LT 28613
or 0711=0.799 2 tog1o Ag" ] Solution: (1) Electrode process:
. - H2 ——H'"+e"  {(Anode)
[Ag*]=0.03243 mol L~
' AgCl+e” ——Ag+Cl™ (Cathode)

Ag,S0, = 2Ag* + SO

003243 0.01(;215 ‘
K, =[Ag" I[SO} 1=(0.03243) x (0.016215) =1.705 x 10",

' Example 30. Calculate the equilibrium constant for the
reaction,

N F +Ce4+ _;Ce3+ Fe 3+
Given, ECe4,, P 1.44 Vand EFe3+/Fe2+ =0.68V

: T (July} 1397}
0.059

Solution: Eoy = 1 log K,
E:"” :E;c2+§Fe3+ + Eée“ icet
= - 068+ 1.44 =076 V
0.76
lo K =—"——=12.8814
! 1o &0 = 0.059
K, =76x10"

“Example 31. Find the solubility product of a saturated
solution of Ag,CrO, in water at 298 K if the emf of the cell

Ag | Ag* (satd. Ag,CrOj soln.)|| Ag" (0.1M )| Ag
is0.164 Var 298 K. (11T 1998)
+
0.059 log [Ag+ Jrus
1 [Ag" Jius
- 0.164= 0.059 log ?’1
’ 1 [Ag" Juus
or. : [Ag" Ty =1.66% 107 M
1.66x 107
=[Ag* 1*[CrO}

Solution: Ecen =

So, [Cro? |=

K spiagaCrog

‘ -4
=(;.66x10‘4)2[——1'66’;]0 J

=2.287%107'% mol® L™

sH; + AgCl =—=H' + Ag+CI”

(i) We know that, AG® = AH® — T AS °
~22195=AH® — 288 X AS °

~-96.5J, AH® =49.987k]J
0.0591

On solving, AS ° =

(i) E=E°- log o O

E=0,Q=K= [Ag* 1IC17]

0=(0.8-022)+ OosgllogK

At equilibrium,

(= 0.8+ 0.22)
08+ 9250 gk
0.0591 & R
Ky, =147x107"

S = /Ksp
\/1 47x 107" =121x 107 M

Example 33. Two students use same stock solution of
ZnS0, and a solution of CuSOy. The emf of one cell is 0.03V
higher than that of other. The concenitration of CuSO, in the cell
with higher emf value is 0.5 M. Find out the concentration of

Solubility,

CuSO, in the other cell: (&;E = 0.06]' (FiT 2003)
-
Solution: Student 1.
Zn(s) | ZnSO, (CHI0.5 M CuSO, 1 Cu(s)
006, C .
E, =E°——log —- )
= 5 gA 0.5 | (1)
Student 1. Zn(9) | ZnSO4(C; Y1 CuSO, (C,) 1 Culs)
E, EO—WI G .. (i)
2 G,

E, -E, - 0.06 1ogg——logi
2 C, 0.5
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,_xample 34, Find the equilibrium constam‘ Jor the
actzon

Y+ =" In*" +Cu’ at 298K

Given: E_,, . =015V, E 5 . =-04volt

Bl e =~ 042 volt (1T 2004)
Solution: The given reversible reaction can be obtained as,
Cu™ +e” —Cu*; AG®°=-0.15F - AG®=—nFE®
P et ——Inty

" —m* + 2¢”;AG° =—-0.84F
Cu? +In?* ——‘In + Cu*; AG°=-059F
o ——nFE °=—-0.59F
059volt

Equilibrium constant can be calculated as,

K= antllog[ nk? }
0:059

- antilo g[l x 0. 59} 100
059
Xhmﬂe 35. In which direction can the reaction, -
2Hg (I)+24g* (ag.) == 24g(s)+ Hg;" (aq.)

proceed spontaneously at the following concentrations of the
ions participating in the reactions (Hand (i1)?

@ [4g*]= 10"“ mou:’ dand {Hgg* 1=107! mol L

NG Q- s e =
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Gi) [4g*1=10" mol I'* and [Hg?* =107 mol L

Given: EHg%;,,Hg = 0.?9 v, EAg“ng =080V '
) [CBSE (Mains) Riedical 2006]
: ’ H 2+ —1
Solution: (i) o=z 1 10___ 5
' [Ag" 1" [107]
o_ o _po
E°= EAg"’ng ,Eﬂg%+/Hg

=0.80-0.79=0.01V

0.059

E=E°~""ZlogQ

-001-.&;%1g .

=-0.1965V

Neganve value shows that the reaction wﬂl proceed from nght
to left, i.e.,in backward direction.

[Hg3'1_ 107 _10°
[Ag} {10“‘]
T on=2
E°=0.01volt
0.059

(i) 0=

E=E°-

log,, Q
0.059

=0.01~ log, 1072

=0.01+0.059V
=0.069V

Since, the value of cell potential is positive, the reaction will
proceed spontaneously in forward direction.

SUMMARY AND IMPORTANT POINTS TO REMEMBER

1. Electrochemlstry is ‘a branch of physxcal chemlstry
which deals with the relationship between chemical energy and
electrical energy arid how one can be converted into another. The

- subject is divided into two categories: (i) use-of electrical energy
to produce chemical changes (electroly51s) and {ii) conversion of

chemical energy into-electrical energy (productlon of electncﬁy
by spontaneous redox. reacnons)

2. Conductors are the substances which allow the passage
of electric current through themi. Those which do not allow the

flow of electric current through them are called insulators.

Conductors are of two typés:
(a) Metallic or electromc conductors .are - those which

remain unchanged as current - flows thmugh them: These.

conductors transfer electric current by transfer of electrons
without transfer of matter. Metals such as Cu Ag, Al Pt,.etc.,

non- metals like carbon (graphlte) a.nd various alloys belong to
this class.

{b) Electrolytic conductnrs are the conductors like : aqueous :
solutions of acids, bases and salts or substance in molten state . -
which allow the flow of electric current with = chemical
decomposition. These conductors are termed as electrolytes. The -

- substances whose aqueous solutions dv not conduct electrrc

current are called non-electrolytes.

To pass the current through an’ elecirolytic conductor two
metallic rods or plates are required. These are termed electrodes.

"The electrode which is connected with the positive terminal of

battery or through which electric current enters the solution is

* termed anode and the electrode which is connected with negative

terminal of battery or through which electric current leaves the

~solution is termed cathode. Actually the anode is the electrode
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where oxidation occurs and the cathode is the electrode where
reduction takes place. :

3. . Electrolysis is the process of chemical decompos1t1on of
an electrolyte by passage of electric current through its aqueous
solution or molten state. Molecules of the “electrolyte when
dissolved in water split up into cations and anions. On passing
electric current these ions move towards their respective
electrodes. On reaching electrodes these ions lose their charge
either by losing -or accepting electrons and thereby deposited at
the respective électrodes or undergo a secondary change. The
device in which electrolysis is carried out is known as
electrolytic cell. '

4. Preferential discharge theory: 'If more than one type

of ion is attracted towards -a” particular electrode, then the ion.

discharged is the one which requires least energy.
The decreasmg order of the drscharge potent1al or the

=1.6x 107 coulomb
1 coulomb = 6.24 x 10*® electrons
Charge on one mole of electrons
=6.02x10% x1.6x 107"

= 96500 coulomb

Applications of electrolysis: (i) Determination of
equivalent masses of elements (ii)) Electrometallurgy
(iii) Manufacture of non-metals (iv) Electroplating of metal
(v) Manufacture of compounds (vi) Electroplating—The process

‘of coating an inferior metal with a superior metal by electrolysis.

6. Arrhenius theory of electrolytic dissociation: - It-was
put forward by Arrhenius in 1884 to explain the properties of
electrolytic solutions. The main points of the theory are:

Catlons K*Na c:t2+ Mg2+ AP, 7o, H* Cu2+ Ag  Au*
" Amons S0%, NOa,OH Cl, Br, T -

s, Faraday s laws of electrolysns These 'present the
'relat1onsh1p ‘between the quant1ty of electric charge and the

© positive charge is called catlon and the ion canymg negat1ve
charge is called anion,
AB<—— A" (cation)+ B~ (anion)
(i) The process of splitting of the molecules of the electrolyte
into_ions is-called ionisation. The fraction of the total numberof

_amount of the substance deposited at the electrode These were
glven by Faraday in 1834,

" (i) Firstlaw: 'When an electric current is passed through an

- electrolyte the amount of substance deposited is ‘proportional to -

-the quant1ty of electnc charge which flows through the
'electrolyte :

Mathematn:ally, - ocQ '
or : . W= ZQ ZxIxt

where, Z'i isa consta.nt known as electrochermcal equ1valent I is
_the current in amperes and 7 is the time in seconds. When Q =1

coulomb or.ofte ampere of current is passed for 1 second, W = Z
Z s thus the mass of the substarice deposited by one coulomb.

. (i) Second law: When the same quantity of current. is
- passed: through -different electrolytes, the masses ‘of different

. substarnces deposrted on the electrodes will be in the ratio of their
. equivalent fasses. For example, if same quantity ‘of current is -

passed through copper sulphate and s1lver nitrate solutions, then
Mass of: ¢opper depos1ted Equ1valent ‘mass of copper
Mass of silver depos1ted

Eqmvalent ‘mass of silver

- One gram equ1valent of ; any substance is depos1ted by passmg :

'same amount of charge, i. e., 96500 coulomb (1 faraday)

E Z X 96500
or. .
- 96500
The charge camed by an-ion = —23 coulomb
. 6.02 x 10 _
When; n = 1 ‘ o _ |
The fundamental unit of charge = F = 96500
6.02x 107

 6.02x 107

“molecules present in solution as ions is known as degree of

ionisation.
It is denoted by o’
Number of molecules d1ssoc1ated 1nto ions

Total number of molecules d1ssolved

The degree of ionisation depends upon: () Nature of solute
(b) Nature of solvent (c) Dilution and temperature.

. (iii) Tons present in solution constantly. reunite to form neutral
molecules; thus, there is a state of dynamic equilibrium between
ionised and unionised molecules.

AB—4% + B~

,[A I8 ] = K (1omsat1on constant) L
[4B]

(iv) The ions are discharged always in equivalent amounts
when current is passed through electrolytic solution no matter

“what their relative speeds are.

(v) The electrolytic solution is always neutral in nature as the

- total ‘charge on cations is equal to the total charge on anions.

However, it is not necessary that-the number of catlons and

~ anions should be always equal. .

-(vi) The properties of electrolytes in solution are- the
properties of ions present in the solution.

" (vii) The ions act as molecules for colligative propertles

(viii) The conductivity of the solution depends on: the nature
and number of ions.

- Evidences in favour of Arrhemus theory: (1) Ohm’s law
applicability: No part of the current is used in splitting up the
molecules into ions. (ii) X-ray studies have shown that ions are
present in solid electrolytes. The ionic compounds in molten state

. behave as good conductors. (111) Ionic reactions are observed in

the case of electrolytes. (iv) Constant value of heat of
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~ neutralisation. (v) Abnormal colligative properties in the case of
electrolytes. (vi) Colour of compounds in solution. (vii) This
theory explains satisfactorily various phenomena such as
electrolysis, conductivity, salt hydrolysis, etc.

7. Conductivity is the property of the conductor which
facilitates the flow of electricity through it. It is equal to the
reciprocal of resistance.

Conductivity = S

, Resistance R
It is expressed as ohm™ or mho.
Specific conductivity is defined as the rec1procal of specific
resistance; i.e., it is the conductance of 1 cm® of a conductor It is
represented by the symbol k.

K= 1.1 % conductivity

o = A Equivalent conductance at given concentration

A, Equivalent conductance at infinite dilution

It is the
device in which chemical energy is converted into electrical
energy. In this cell a redox reaction is carried out in an indirect
manner and the decrease in free energy during the chemical
process appears as electrical energy.

The common galvanic cell, dry cell and the lead storage
battery are the devices for convemng chemical energy into
electrical energy. Daniell cell is the typical example of galvanic
cell. It consists of two half-cells, one containing zinc electrode
dipping in solution of zinc sulphate (1 M) and another containing.
copper electrode dipping in solution of copper sulphate (1 M).
Zinc electrode acts as anode. At this electrode oxidation occurs.
Zn —-)Zn +2e”. Coppcr electrode acts. as_cathode, t this

9. Galvamc or Voltalc or Electrochenucal cell:

p a

electrode rcdnch(m OCCUTS Cut 42 -;(‘n When ﬂm:- two

-v_whe;c,_!——dxstanchMeen—elce&edes—anu g-=-area—of

cross-section of electrode. : :

In the case of electrolytic solutions, spcmﬁc conductatice is’

the conductance of a solution of definite dilution enclosed in a
cell baving two electrodes of unit. area separated by one
centimetre, The units of specific_ conductance are ohm ™!

—l

half-cells are connected bya salt bridge and the metal electrodes
are joined externally, the electrons from zinc electrode (-ve
electrode) move towards copper electrode (+ve electrode), i.e.,
current flows from cathode to anode. The cell reaction is:

~ The ratio of [/ a is called cell constant. :

Equivalent conductance: Conductivity of a solunon
containing 1g equivalent of the electrolyte. 1t is denoted by "A' If
the concentration of solution is C g equivalent per litre, then

Aok 1000
C
or "-'A—KXV

where, ¥ is the volume in mL contammg lg cqmvalent of the
electrolyte. The unit of equivalent conductance is ohm™ cm?®
=1

equiv

Molar conductance: Conductance of a solution containing
1 g mole of an electrolyte. If ¥ is volume in mL containing lg
mole, then .
Molar conductance, p =k XV

1f Cis the concentration of the solution in g mole per litre, then

b= K % 1000
C
‘Tts unit is ohm™! cm? mol ™.
‘ . ‘ o Molar conductance
Equivalent conductance =

n

Molecular mass
where, =

Equivalent mass

8. Kohlrausch’s law: At infinite dilution, each ion makes
a definite contribution towards equivalent conductance of the
electrolyte. The value of equivalent conductance at infinite
dilution for any electrolyte is the sum of conductances at infinite
dilution of its constituent ions. Thus,

A=A, +A,
A, and A, are called the ionic conductances of anion and

cation at infinite dilution respectively. It can be used to determine
degree of dissociation.

4t Cu2+ 1Y 2? 4 C‘Vu
Salt-bridge allows the flow of current by completing the
circuit and maintaing clcctncal neutrahty 1t also prevents
liquid-Tiquid junction potential.
‘A galvanic cell is represented in the followmg manner:

Salt- bndge ‘
LHS RHS
Anode (~ve) Cathode (+ve)
Zn| zn™ (1 M1) Cu?* (1 M) Cu
Oxidation half-cell Reduction half-cell

Zn —Zn*t+ 2¢ ~€u¥t 126 =Cu

-10. -~ Electrode -potential: --When-a -metal-is—placed--in—a—
solution of its ions, the metal either acquires a positive charge or
negative charge with respect to solution. On account of this a
definite potential is developed between the metal and the
solution. This potential difference is termed electrode potential.
The magnitude of potential depends on the nature of electrode,
concentration of ions and temperature. It is a measure of the
tendency of the metal to lose or gain electrons or a measure of the
relative tendency to undergo oxidation or reduction. Depending
on.the nature of the metal electrode, the electrode potentlal is of
two types: :

(i) Oxidation potentml When electrode 18 negatively
charged with respect to solution, 7.e., oxidation occurs and the
electrode acts as anode

MoSM™ +ne”

(ii) Reduction potential: When electrode is positively
charged with respect to solution, e, reduction occurs and the.
electrode acts as cathode,

M"™ +ne” =M
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‘Standard electrode potential: The potential difference
developed between metal electrode and the solution of its ions of
unit molarity (1 M) at 25°C is called standard electrode potential.

It is not possible to measure the absolute value of single
electrode potential directly. Only difference in potential of two
electrodes can be measured experimentally. It is, therefore,
necessary to couple the electrode with another electrode whose
potential is  known. This electrode is termed as reference
electrode. The emf of the resulting cell is measured
experimentally. ‘

Emf of the cell = E,4e + £ cahode

= Oxid. pot. of anode + Red. pot. of cathode

' Knowmg the value of reference electrode the value of other
electrode can be determined.

Standard reduction potential = — (Standard oxidation potential)

{i) The chemical reaction of the cell stops when an exactly

equal external emf is applied.

(ii) The chemical reaction of the cell is reversed and the
current flows in opposite direction when the external emf is
slightly higher than that of the cell.

Any other cell which does not obey the above two condltlons
is termed as irreversible.” Daniell cell is reversible but
Zn | HZSO4 lAg cell is 1rrever31b1e in nature. . -

15. Prediction for occurrence of a redox reaction: Any
redox reaction would occur spontaneously if. the free energy
change (AG')is negative.

AG° =~ nFE° where, ‘n’ is the number of electrons mvolved
F-is-the value -of faraday and-E° is the cell emf- AG® can be
negative if E° is positive.

When £°is posxtlve, the cell reaction will be spontaneous and

Standard oxidation potential = ~ (Standard reduction potential)

© 1. “Reference ¢léctrode: (Standard - hydrogen :electrode;
SHE): It is a primary standard electrode. It consists of a small
platinum strip coated with platinum black as to adsorb hydrogen
gas. A platinum wire is welded to the platinum strip and sealed in
a glass tube ag to make contact with outer circuit through
‘mercury—The-platinum-strip-and--glass-tube—is—surrounded-by

changes with the change in concentration of ions in solution in

“contact with the electrode; Increase-in-concentration of cations

results in an increase of reduction potential of an electrode.

another glass tube which has an inlet for hydrogen gas and a
number of holes at the base for the escape of excess of hydrogen

gas. The platinum strip is placed in acid solution which has H*

ion concentration 1 ‘M. Pure hydrogen gas is circulated at 1
atmospheric pressure. The temperature of the cell is maintained at
25°C. By international agreement, the  §tandard “hydrogen
electrode is arbitrarily assigned a potential of exactly + 0.000...

volt. This electrode can act as cathode or anode with respect to

other electrode.

The-electrode whose ¢lectrode potenual is to be détermined is
connected with SHE and emf of such a cell is determined which
is taken as the elecirode potential of the given electrode. The

metal .electrode. which acts as anode withi respect to hydrogen .
electrode; the oxidation potentla] of the electrode is given .

positive sign and the metal electrode which acts as cathode with
respect to hydrogen electrode, the reduction potential is given the
positive sign.

12. Emf of a cell: The difference in potentials of two
half-cells is known as the emf of the cell.

* Eq =Red. pot. cathode — Red. pot. anode (E gy — Eyp )

= Red. pot. cathode + Oxid. pot. anode

= Oxid. potential anode — Oxid. potential cathode

13. Some more reference electrodes; Since, a hydrogen
electrode is difficult to prepare and maintain, it is usually
replaced by other reference electrodes which are known as
secondary reference electrodes. These are convenient to handle
and prepared easily. Calomel electrode and silver-silver chloride
are used as reference electrodes. The potentials of these
electrodes are fixed on hydrogen scale but their values depend on
strong electrolyte concentration. :

14. Reversible and irreversible cells: A cell is said to be
reversible if the following two conditions are fulfilled:

Consider M™ +tne” > M
e S  RT ——(Teduced form
Ered =E|?ed - lo T

) nF | [0x1dlsed. form]
_A£25°C, % =0.0591
and the concentration of metal is umty

o 0.0591; e
Ered =Ered + h)g [M ]

Similarly, consider the electrode where ox1dat10n occurs.
M —->M"™ +ne”

= E° 0059110g (M "™

oxld oxid.

Cell potential depends on the potential of anode and cathode.

Ecen = Epnode T Ecathode

= Oxid. pot. of anode — Red. pot of cathode

=Egig — 0.0591 log [Anodlc ion conc. |
+Epg - Ml og [Cathodlc ion conc. ]
I3
o 0,0591 [Anodic ion conc. ]
E ox1d E red ~ lo —
[Cathodic ion conc. ]
0.0591 {Products]
= E cell ™ 10g .
n [Reactants]
or SE, - 0.0591 log [f‘m]ms
n [ion]gys

17. Electrochemical series: When the electrodes (metals
and non-metals) in contact with their ions are arranged on the
basis of values of their standard reduction potentials or standard
oxidation potentials, the resulting series is called the
electrochemiical or activity series of the elements.
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Characteristics of Electrochemical Series

(ij “The negative sign of reduction potential indicates that an A

electrode when joined with SHE acts as anode. Similarly the
positive sign of reduction potential indicates that the electrode
joined with SHE acts as cathode.

(i) The substances which act as stronger reducing agents than
hydrogen are placed above hydrogen in series. All those which
have positive values of reduction potentials and placed below
hydrogen are weaker reducing agents than hydrogen.

(iii) The substances which are stronger oxidising agents are
placed below hydrogen in the series.

(iv) The metals at the top ha‘ve_the' tendency to lose electrons

readily. The activity of metals decreases from top to bottom while
that of non-metals increases from top to bottom.

(V) A metal higher in the series will displace the metal from

Nameofeell |  Anode Cathode | lectrolyte
Drycell - Zn Graphite | MnO, +C
: ‘ ‘ - | (around  cathode)
NH,Cl + ZnCl, -
) : : ... | (around anode)
Mercury cell Zn * Graphite | HgO + KOH
' : (moist)

" Lead storage! - Pb . PbO, H,80, (38% by
battery , : mass) »
Lithium battery Li Metal sulphide | LiCIO, in organic

- ' solvent
Ni-Cad cell cd NiO .| KOH solution
Fuel cell Porous carbon | Porous carbon | Conc. NaOH or
(H,-0,) (with catalyst) (with catalyst) | KOH (aq.)-

20. Fuelcell: The cells which convert chemical energy .of

havmg hlgh value of reductlon potentlal will dlsplace another
non-metal with lower reduction potential.

(vii) The metals occupying top positions in the series readﬂy
liberate hydrogen from dilute acids. ‘

(viii) Iron and metals above iron are capable of liberating

hydrogen from water.

(ix) The oxides of metals having low reductlon potentlals are
thermally stable while the oxides of metals havmg hlgh reductlon
potentials are thermally not stable. -

18. Relation between emf and equilibrium constant:

AG®=-2303RT log K~

AG nFEcen .
So, . . nFEY, -2303RT logK
Egy = 2303R7 3 logk
=«W1‘ ‘K}. - -(T«—'298‘K)-

19. Prlmary cells are those wh1ch have deﬁmte llfe and

become dead over a time. These cannot be recharged Examples
are dry cell, mercury cell, etc C

Secondary - cells are the cells wlnch can be recharged by .
passing direct current through them. Lead storage battery and.

nickel-cadmiurn ‘cell- are examples of secondary cells. Lead

storage battery consists: of spongy lead as anode, a grid of lead

packed with PbO, as cathode and an aqueous solution of H,S0,
(38% by mass ‘or 20% H2SO4 of specxﬁc grawty 2.15) as
electrolyte

Reacﬁou during discharging

Pb + PbO, + fttH + ZSQ{ —
" 2PbSO, +2H,0
Voltage 2.0 volt. The conceniration
of H,80, decreases during
discharging.

- Reaction dm'ing clmrging

- W;v_-f_(i)_At_amde

2Pb804 +2H,0 - Pb + Pb02 ‘
4H* £ 28057

fuels directly into electrical energy are known as fuel cells. One

of such cells is fuel cell (H; -0 ) in which electrical energy is
generated by the use of H, and O,. In fuel cell NaOH is used as
an electrolyte and hydrogen gas is diffused at the anode made of

- porous carbon. At the cathode oxygen is diffused through a

porous carbon. The following chemical reactions occur:

_ H,—2H
2H+20H™ —2H,0+2¢~
(i) At cathode, O, +2H,0+4e” —>40H

Net cell reaction 2H, + 0, — 2H20+ energy

Fuel cells are quite efficient, and free from pollutlon These
are used in spacecrafts,, e

- Concentration cells: If two plates of the same metal

are dipped separately into two solutions of the same: electrolyte
and are connected with a salt bridge, the whole: arranigement is
found to acts as galvanic cell. Such cells are known as
concentration cells: These are of two types:- ‘

(l) Electrode concentratlon cells

Pt H2 (pressiite pl) |+ |H2 (pressure pz),

If P> p2 omdatmn occurs at LHS electrode and reducuon
occurs at RHS electrode. = -

~'Ece,,'_°_‘1§§1 og 221 (*"l) t25°C‘H"" K
2. (p2) . '
- (i) Electrolyte con;entratiop cells -
MM (C,)HM"* (CQ)'I Mo
Zn|zn™ (Cl)llZn”‘“ (CQ)IZn
'Cz is hlgher than C;. .

0,0591 og &2 C,
1

Ecen = at ZSOC -
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AQuestionsY

Match the List-I with List-II and List-IIl:

1. 6. Match Column-I with Cohumn-II.
List-1 List-Il List-ITI . Column-l. . Columa-IT
(Quantity) (Symbol) (Unit)’ (Combination of half-cell reactions) (Potenm;: of
Y S overa
(a) Conductivity ®A,, () mhocem™ o ‘ process)
(b) Cell constant @k (V) em™ ‘ (8) 60H" +Br < BrO; +3H,0+6¢”  (p) E°= 0.56V
(¢) Molar conductance (1) A, (W) ohm™ cm? mol™ E°=-061V
(d) Equivalent () /4 (x) ohm™ em®eq™ 20H +Bre== - BrO™ + Hy0+2¢”
conductance ' : R
. : - , _ E°=-076V
2. Match the salts in the Column-I with their use in Column-TI; - —
. , - 40H" +BrO == BrQ; + 2H,0+4¢"
Columu=1 Column-H S —— :
-(3) Hg,Cl, . (p) Saltbridge (b) HyS0, +4H" +4¢"—=$+3H,0  (qQ) E>=~0535V
(b) Agar-agar (g) Calomel electrode , ' =045V : :
0.1 N KCl () Used in ice ¢r :
i one s) Redox electrode
o : o Y , . E° = 0.17 V
"" 3. Match the Coliman-1 with Colamn=11.~ e e =
~ S soz“ +8H" + 66 __—* S+ 4H20
Column-1 Column-IF
“(Term) (Relation) S Q=9
(a) o (Degree of jonisation) (p) A*/A (¢) CI03 f‘é}r He==CI +3H,0 () E*=+036V
: : - » E=+145V
b) t, (Transport number)  {g) A® /A ‘
®) £, poret m'Sm Cl, +2¢ = 2CI"
L 1 St pm
(¢) Fraction of a mole , ® v e +§f » : CE°=+136V

5.

undergoing fonization

(d) NaCl ) AN
t A, = A
4. Match the phys:cal quantmes in the List-I w1th their units in
List-11: _
" List-1 List-IT
(a) Resistance ~ (p) ohm
 (b) Resistivity (Q) volt amp™
(c¢) Conductivity (r) ohmm
{d) Specific conductance (s) ohm m™
Match the Colurnn-1 with Column '
Column—l Column-I{

() Specific conductance, k  (p) A%,/ A’,

{b) Molar conductance, A,, (@) Decreases with dilution

(c) Resistance of electrolyte (x) Increases with dilution

solution R
(d) Degree of 1onizati0n of (s) Increases with increase in
weak electrolyte, o the distance between
parallel plates

T

8.

" (a) Concentration cell A
~ {b) Edison cell

CIO3 + 6}{+ + 56 ~ “‘lz‘clz + 3H20

E°=7? -
@) Znky+2e——2Zn(s) E°=-076V () E°=+14TV

Ag +e —— Ag(s)E°=+0.80 V

Zn(s)+ 2Ag" == Zn*" (ag)+ 2Ag(5)

Match the Column-I with Column- II

Column-II
(p) Fe is oxidised by Ni,O,
(q) Zinc anode
(c) Mercury cell (r)‘ HgO cathode
{d) Dry cell (s) E°=90
Match the Colurn-1 with Column-11:
Column-I (Electrode) Column-1I (Type)

(a) Calomel (p) Reference
(b) Glass (q) Redox

(c) Hydrogen (r) Membrane
(d) Quinhydrone (s) Gas

Column—I
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9. Maich the Column-I with Column-IL . 10.
Column-I Column-II

(a) Kohirausch law ®) A, /A,
) A, @l 1

R 4
(c) x (kappa) (1) A°,Cas(PO,),

=3A°Ca" + 2A° PO}

@ o () ., 1000

G.R.B. PHYSICAL CHEMISTF{Y FOR COMPETITIONS

Match the Column-I with Colump-IL
Column-I Column-II
(a) E°=0 (p) Cell is discharged
(b) E=0 (@Q0=K
€y AG=0 (r) 96500 coulomb
(d) 1 Faraday {3} 1 mol electrons
(1} Concentration cell

C

;R

. {a—q, u), (b—s, V), (c—p, W), (d—1, X}

(a—q), (b—p, 1), (c—p), (d—s3)

(3"‘(17 S)a (b_pa I'), (C""—q’ S)) (d_t)

(a—p, q), (b—1), (¢—s), (d—s5)

(a—q), (b—1), (¢—g, 8), (d—p, 1) 1

A

(a—q), (b—1), (c—s), (d—p)
(a——s), (b*P), (C—-——q, T), (d—‘Q)
{a—p), (b—1), (t—s), (d—q)
(a—1J, (b—3), (¢—q), {d—p)
(a—1}, (b—p, @), (¢, q), (d—1, 5)




ELECTROCHEMISTRY

—® PRACTICE PROBLEMS ®

How many coulombs are required for the following

1@,

[Ans. 0.80 g; cathode reaction Cu®* + 2¢” — Cy;

anede reaction 2Br~ — Br, + 2¢7]
A current of 1.5 amperes is passed through a-solution of a salt
of a bivalent metal for 30 minutes. Increase in mass of cathode
15 0:8898 g. Find the atomic mass of the metal.

[Ans. 63.6]

831

1. 1. A lead storage battery is discharged in which the following

reductions? electrode reaction takes place:

(i) 1mole of Ag” ions to Ag Pb(s) + PbO,(s) + 2H,S0,(/) —— 2PbSO, + 2H,0

(i) 1 mole of Cu®* jons to Cu . . e

. - The original volume in electrolyte is 1 litre. During discharge
(ifi) 1 mole of MnOj ions to MnO; ’ _the concentration of H,SO, changes from 34.6% by weight
[Ans. (i) 96500 coulomb (ii) 193000 coulomb (iii) 26500 (density 1.261 g/mL) to 27% by weight. How many faradays .
coulomb) have left the  anodic half-cell? Water produced during

2. How many faradays are needed to reduce 2 gram-mole of electrolysis is used up.

Cu®" to Cu metal? [Ans. 1.254 faraday]
3 E;ns 4farfada)(/1]a leasod when 127 & of ol 12. The chemical reaction given below:
. How many faradays are released when 12.7 g of copper meta +
is changed into copper ions? Clz(g) +50,(8) + 2H,00D 201 (aq.) + 3H' (aq.)
[Ans...0.4 faraday] + HSO, (ag.)
E“inh Cu f‘22+ V. P } };\rnr‘ppdg rpsadﬂv n aqnp(\uc acid cnlnhnﬂ
' ! ggosle 2 f;?le (i) Give the half—cell reactions.
4. Calculate the number of coulombs requlred to deposit 40.5 g (ii) Ifafully charged cgll mma}ly held 1 mole of Cl,, for how
Al when the electrode reaction is: many _days could it sustain a current’of 0.05 amgere?
AP 436 Al assuming the cell becomes non-operative when 90% of
initial Cl, has been used up?
- o [ADS. 4345103 €oulomb] - oo CtAns 404 days] :

5. Caleulate the number of coulombs requlred to deposﬂ 50 g of 13 ) . . ' .
silver at cathode from silver nitrate solution. - A currer:ct of 80 microampere is p'assed through a solutlpn of
(Atomic mass of silver = 108) AgNOs or 32 r.yllnutes using platl{lum electr.odes. A u11.1f0rm

single atom thick layer is deposited covering 86% of the
[Ans.  44675.9 coulomb] . 2
6. U cathode surface. If total surface area of cathode is 601.7 cmm”,
. How much electric charge is required to produce 20 0gof .
calculate the area covered by one Ag atom.
calcium from molten CaCl,? A T o
[Ans. 96500 coulomb] ns. , 34 x10 7 em’] , . :

7. If 3 faradays of electricity are passed through an iron (II) 14, Anthracene can be electrolytically oxidised to anthraquinone.
bromide solution, how many grams of iron metal will be -Q
deposited? (At. mass of iron = 56) H
[Ans. 84 g]

8. A certain quantity of electricity deposits 0.54 g of Ag from 30}
silver nitrate solution. What volume of hydrogen will be A;ﬁiie@ne — +H,
hiberated by the same quantity of electricity at 27°C and
750 mm of Hg pressure? H

R Mass of H, Eq. mass of H, O .
[Hint: = Anthraqui
Mass of Ag  Eq. mass of Ag nthraquinone
1x0.54 - What mass of anthraquinone can be produced by the passage
Mass of H, = - 108 0.005 ¢ of 1 ampere current for an hour at 100% efficiency?
Volume of 1. < 2005 X 0.0821x300x760 (|, _ w RT [Ans. 12932¢]
volume or t, = 2 %750 v P 15. Dal lake has water 8.2 x 10'% litre approximately. A power
. " 6
- 0.06234 litre reactor produces elecmc_:lty at the rate of 1.5x 1.0 coulom?a

9. In the electrolysis of an aqueous cupric bromide solutlon how pe}z seco?d at a;n ap%rollari(at: voltage. How much time would it
many grams of bromine are formed on passing a current of 1 take to electrolyse the lake:
ampere for 16 minutes and 5 seconds? Write the anode and the [Ans. 1.9 million year]
cathode half reactions. 16. How many grams. of H, and O, are produced during the

electrolysis of water by a 1.30 ampere current for 5 hours?
What volumes of dry gases-are produced at NTP?
[Ans. 0242 gH,; 1.94 g O, 2.72 litre Hy; 1.36 litre O, ]
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17.

18.

19.

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

How many coulombs of electricity would be required to

‘reduce the iron in 36.0 g of potassium hexacyano ferrate(IlI),

K;Fe(CN)g, to metallic iron?
[Ans. 317 x 10* coulomb]

[Hint: Iron in the complex is Fe**

K Fe(CN), + 3¢
1 mole 3 % 96500 C

——>3K* + 6CN_ + Fe ]

What current strength in ampere will be required to liberate
5 g of iodine from potassium iodide solution in 30 minutes?
[Ans. 2.11 ampere]

The mass of copper deposited from a solution of copper
sulphate by a uniform current of 0.25 ampere flowing for one
hour is 0.295 g. Find the equlvalent mass of copper. (I faraday
= 96500 coulomb)

[Ans. 31.75]

. The solution of a salt of a metal of atomic mass 112 was

26.

27.

28.

Three electrolytic cells 4, B and C containing electrolytes zinc
sulphate, silver nitrate and copper sulphate respectively, were
connected in series. A steady current of 1.50 ampere was
passed through them until 1.45 g of silver was deposited at the
cathode of cell B. How long did the current ﬂow‘? What
masses of copper and zinc were deposited? .
(At. mass: Cu =63.5,Zn=0654, Ag =107.8)

[Ans. 865 second; 0.427 g Cu; 0.44 g Zn]

An electric current passing for 6 minutes through a dilute
H,S0, solution gave 40 mL of the electrolytic gas (H, + O,)
measured at NTP. What was the average value of current?
[Ans. 0.638 ampere] )

[Hint: 96500 coulomb give 11.2 litre of H, and 5.6 litre of . -
O, i.e., 16.8 litre of electrolytic gas at NTP] ‘
The same quantity of electricity that liberated 2.158 g silver
was passed through a solution of a gold sait and 1.314 g of

electrolysed for 15 minutes with a current of 1.5 ampere. The -

gold-was depositedThe equivalent mass of Silver 15 1079

21.

22.

23

~ [Ans.
Copper is dep051ted at an electrode accordmg to the reactxon ‘

24.

‘ Cu®t — Cu. When a curfent of 134 ampere ‘was passed -

25,

mass of the metal deposited was'0.788 g. Find the valency of
the metal. ;

[Ans. 2]

If a monovalent metal jon carries 1.6 x 107° coulomb of

electn(:lty, what is the amount of elecmmty carried by one
“gram molecular mass-of the-metal ions?--- e :

[Ans. 9.6336x 10* coulomb]

Calculate approximately how much current is necessary to
produce oxygen gas at the rate of 1 mL per second?

‘{Ans. 17.23 ampere]

[Hint: .1 g-equivalent of oxygen or 22400
96500 coulomb.] ;
0.5 faraday of electricity was required to deposit all the copper

mL is liberated by

in 500 mL of a copper sulphate solution. What is the normahty ,

of the copper sulphate solution?
‘Normality = lN 1

+ 2e”

through a solution of copper sulphate for 10 hours, 15.885 g ‘of
copper was deposited.
(i) How many coulombs of electricity were passed through
the solution? ,
(i1) How many moles of copper were deposned‘?
(iii) How many coulombs are required for the deposition of 1
‘mole of copper? .
(iv) If the charge on an electron is 1.6 % IO 19 coulomb
calculate the value of Avogadro’s number.
[Ans. (i) 482.40 coulomb (i) 0.25 mol (iii) 2 96500 coulomb

(i) 6.03 x 107]

Calculate the mass and volume at NTP of hydrogen and
chlorine that will be formed by passing 10,000 coulomb of
charge through an aqueous solution of potassium chloride.
The cell reaction is: :

2KCl + 2HOH — 2KOH + Cl, + H,
[Ans. 0.1036 g H,, volume 1.063 litre; 3.678 g Cl,, volume
1.1603 litre]

x5

36

a4,

(At. mass of Mg = 24.3)

state of gold in this gold salt? (At. mass of gold = 197)
[Aus. Eq. mass =65.7, Oxidation state = 3]

. Calculate the volume of Cl, at NTP produced dunng

electrolysis of MgCl, which produces 6.50 g Mg.

[Amz 5.99 litre]

How long does it take to deposit 160 g of Al from an
electrolytic cell containing Al,O; using a current of 125
ampere? .

[Apy,  8577.8 second]

10g fairly concentrated solution of CuSO,; is electrolysed

- using 1.01 faraday of electricity. Calculate the mass of the
- ‘resulting solution,

fAns

9.6025 g]

- The density of copper is 8.94 g mL". Fmd out the number of

coulombs needed to plate an area 10x 10 cm to a'thickness

of 10 cm using CuSO4 solution as electrolyte. (At mass of
Cu = 63. ) ” :

[Aps. 271292 coulomb]

., What mass of Ag (At. mass 108) could be plated on a spoonV

+ - from electrolysis of AgNO, solutlon by one ampere current for -

10 mmutes‘?

(Dh sahad *999)
[ua  0.6715g] :

Ifa current of 0.3 ampere is drawn from a Damell cell for 1
hour, what would be the change in mass of electrodes” (At
mass of Cu = 63.5and Zn = 65.37)

[425 0.356 g Cudeposited, 0.366 g of Zn dlssolves]

% An element 4 (At. mass 112) and an element B (At. mass 27)

form chlorides. Solutions of these chlorides are electrolysed
separately and it is found that when the same quantity of
electricity is passed, 5.6 g of 4 was deposited while in the
other cell only 0.9 g of B was deposited. What is the valency
of A4 if the valency of B is 32 (Dhanbad 1991)
[‘vf;é?‘u 2] ’
How many coulombs must be applied to a cell for the
electrolytic production of 245 g NaClO4 from NaClO,. The
anode eﬁimency for the desired reaction is 60%

[As: 6.43 x 10° coulomb]

Caleulate-the-equivalent-mass-of-gold—What-is-the-oxidation ————
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37. Calculate the mass of Hg,Cl, which can be prepared by the

by the passage of 5.0 ampere current for 3.0 hours.
[Ans. 13234 ¢g]
[Hint: - 2Hg?" +2CI"+ 2¢¢ —— Hg,Cl, ]
) 2F 1 mole
38. How long will it take for a uniform current of 6.0 ampere to
deposit 78.0 g gold from a solution of AuCl,? What mass of

chlorine gas will be formed simultaneously at the anode in the
electrolytic cell?

[Ans, 19104 second; chlorine liberated = 42.17 g]
- Hint: AuCl; + 3¢ —> Au  + 4Cl™ (Cathode)

3F 1 mole -
2ClI" —— Cl, + 2¢ (Anode)]
1 mole 2F

39. How lona will it take 5 ampere of current to deposit 2 g of

reduction of mercury(1l) ions in the presence of chloride ions .

43. The resistance of 0.01 N solution at 25°C is 200 ohm. Cell
constant of the conductivity cell is unity. Calculate the
equivalent: conductance of the solution.

fAns. 500 ohm™ cm? eq |

44. A conductivity cell was filled with 0.01 M solution of KCl
which was known to have a specific conductivity of 0.1413
ohm™ m™ at 298 K. Its measured resistance at 298 K was
943 ohm. When the cell was filled with 0.02 M AgNO,
solution, its resistance was 50.3 ohm. Calculate (i) cell
constant and (ii) the specific conductance of AgNO; solution.
[Ans. 13.32m™%;2.648 x 107" ohm™ m™]

'45. A conductance cell was calibrated by ﬁlllng it with a 0 02M

solution of potassium chloride . (specific conductance
" =0.2768 ohm™ m™) and measuring the resistance at 298 K

which was found to be 457.3 ohm. The cell was then filled
with a calcium chloride solution containing 0.555 g of CaCl,

- copper from a solution of copper sulphate?

’»

per litré. The measured resistance was 1050 ohm. Calculate

BY

L)

(Given, CE of copper = 32, F = 96500 coulomb)
(Ranchl 1996)
~ [Ans. 20. 1 mlnute]
" 40. The amount of lactic acid, HC3H503, produced in a sample of

muscle tissue was analysed by reaction with hydroxide ion.

electrolysis. The cathode reaction was,
2H,0(]) + 2¢” — Hy(g) + 20H (ag.)

Hydroxide ion reacts with lactic acidas soon as it is produced.
The end point. of the reaction is detected with an acid-base
indicator. It required 115 seconds for a current of 15.6 mA to
reach end point. How many grams of lactic acid (a monoprotic
acid) were present in the sample?

" [Ans. 1.674 x 107 g
[Hint: No. of moles of lactic acid = No of moles of OH ~ used

= No. of faraday used in

Ixt 156x107° x115
96500 96500

=1.86x107

Number of faraday used =

Mass of lactic acid = Number of moles x Molecular mass
=1.86 x 107 x 90
=1.674 %107 g]
-41. In what direction, can the reaction:
2NaCl + Fez(SO4 )y — 2FeSO4 +Cl, + Na2$O4

' proceed spontaneously?

. o
(G,lven"EFe3+/Fg3 =0.77V; ECl 11y =1.36V)

(BCECE 2005)
[Ans. Forward] _
42. How many faradays of electricity will be required to
completely electrolyse one mole of molten Al,O; to produce
Al metal and O, gas? |JEE (West Bengal) 2005]
[Ans. 3F] '

“Hydroxide ioti ~was~produced  in~the ~sample  mixture by~

electrolysis

the molar conduct1v1ty of CaCl, solution.
[Ans. 0.0241 mho m? mol”™ ]

[Hint: - Detennme cell constant with KCl data. Its value is
126.6 m™". :

~ Sp.. cond of CaCl2 soln. = Cell const. X

Resistance

—126.6 X —— = 0.1206 ohm™ m~' -
1050

Molar conductance = Sp. cond.

Conc.

Conc. = ﬂ =0.005 mol dm™ =5 mol m™]

46. The molar conductivities at infinite dilution of KCI,
KNO, and AgNO; at 298 K are 0.01499 mho m® mol_l,
0.01250 mho m®mol”’ and 0.01334 mho m? mol™
respectively. What is the molar conductivity of AgCl at
infinite dilution at this temperature?

[Ans. 0.01383 mho m* mol™']

47. The electrodes in a conductivity cell have area 1.2 x 107 m?

and they are fixed 3 x 107 m apart. A solution containing 200

g equivalent. of the electrolyte per m’ of the solution has a
resistance of 60 ohm at 298 K. Calculate the equivalent
conduct1v1ty of the solutlon

[Ans. 2.09x 1072 mho m* eq™']
48. The molar conductivities of NH," jon and CI” ion are 73.5

mho cm? mol™! and 76.2 mho cm® mol™" respectively. The
specific  conductivity ~of 0.1 M NH,Cl is
. 1.288 x 1072 mho cm™. What is the dissociation constant of
NH,CI?
[Ans. 0.86]
49, The specific conductivity of a saturated solution of silver
chloride at 18°C is 1.24 x 107 mho after subtracting that of
" - water. lonic conductances at infinite dilution of Ag* and CI~
ions at this temperature are 53.8 and 65.3 respectively.
Calculate the solubility of silver chloride in gram per litre.
[Ans. 1.494 x107 g per litre]
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50.

G.RB. PHYSICAL CHEMISTRY FOR COMPETITIONS

Given:
A ¥, Mg 1=53.06 ohm™ cm? mol™

XY SO% =80 ohm™! cm mol ™!

X" [Y AI*]= 63 ohm™ cm® mol™
Calculate the values of A7, [Al,(SO,);]1and A™ [MgSO, ]
[Ans. 858 ohm™ cm? mol™, 266.12 ohm™ cm? mol™]

57.

(i) Iron reduces Zn2* ions (i) Iron reduces Ni®* jons.

Given: EZ 24,7 - 0.76 volt; E° et 1R = — 0.44 volt anhd

ENi2+/Ni- = —0.25 volt.

[Ans. Iron reduces NiZ* ions as the Ecell in this case has positive
value.] i
Can a solution of 1 M CuSO, be stored in a vessel made of

NiSO,. Predict giving reasons which of the following
reactions is likely to proceed?

51. Hydrofluoric acid is a weak acid. At 25°C, the molar nickel metal?
conductivity of 0.002 M HF is 176.2 ohm™ cm?® mol ™. If its Given: E(ON 2y = —0.25 volt
= 405.2 ohm™ cm® mol™!, calculate its degree of o
dissocidtien and equilibrium constant at the given E(Cu2+ ;Cu) 0.34 volt
concentration. \ i Ans, No; The reaction takes place between CuSO, and nickel
[Ans. 00=0435K =6.7x107 s Eg, is positive.]
i . 52. For mercury at 0°C specific conductance, 58. An. ver whether, under standard condmons the following
a | ok 106 ql reactions are possible or not:
B R A AL A ) Will copper reduce Ag“' to Ag? Given: EAg+ IAs
- - 2 (a} It the resistance of a eell containing mercury 1s 0.243166 _=0.799 volt ; Ec 2400 = 0.337 volt
z ohm, what is the eell constant of the cell? (ii) Will Fe** be reduced to Fe2+ by Sn?* jon? Given:
i (b) If the same cell is filled with KCl solution at 0°C, the Fe®* | Fe2* = 0.771 volt:
resistance of the cell is 3.966 x 10* ohm What is the © e =0.J71voly
conductivity of KCl solution? Sn?* 1 Sn** = — 0.250 volt
o . () If the aveage. Cross- sectional area of the cell i e —(ili)-Would_you use_a_silver spoon_tostir— a_solutlon—of
7 P
0.9643 mm?, what is the effective distance between the Cu(NO,),?
electrodes? s [Ans. (i) Yes, Eo; Cul Cu®* IlAg* | Ag is positive (+ 0.462
[Ans. (2) 2:58476 x 10 S/m; (b) 6.517 S/m; (c) 0.2492 m] volt)
) 53, The mobility of the NH," ‘ions is 7.623x 10 m?/ Vs, (i) Yes, EZy PtlSn**, Sn®" Il Fe™, Fe** |Pt is positive
4
; ’ Calculate: L - (+0621 VOlt)' S0 \
(a) the molar conductivity of NH, . SEE) Sies,tmzreactlo:.dpes Iflf[)t ocljulr.f] . follows:
(b) velocity of the ion if 15 volt are applied across the : _39' ee3ec To -e poten 1a25+0 Wwo hall reactions are as follows:
: electrodes 25 cm apart Fe™" + " — Fe™ E°=+0.76 volt
{Ans. (a)73.55x107*S m%mol; (b)4574um/s] Ce™ + e — Ce - E° = +1.60 volt
4. fonls:tructce leéimc cell(s: for t;lezﬁollowmg reactions: Giving reason, describe if Ce>* can be oxidised by Fe**
(Z)) Ce * 21; . 2uA+ eC - [Hint: Ce** + Fe** — Ce** + Fe?*
u+2Ag" — 2Ag+ Cu Ce™ — Ce** + ¢ (oxidation); E° =—1.60 volt
¥ (c) 6Fe’* + Cr,07 +14H* — 6Fe** + 2Cr°* + TH,0 Fe** + ¢ — Fe** (reduction); E° =+ 0.76 volt
: (d) Cd+1, — Cd* + 21 Adding both, E° of the reaction = ~ 0.84 volt
(e) 2Fe3* + 2C1° s WFe?* + cl, The oxidation of Ce®* by Fe** is not possible.]
['A (a) Fel Fe* Il Cu* | Cu 60. Calculate the standard reduction potential of Ni**/Ni
A e N ‘ electrode when the emf of the cell
(b) Cul Cu™ Nl Ag™ 1 Ag Ni I NiZ* (1 M) 1l Cu®* (1 M) 1 Cu
2+ 3+ + 2- 3+ -
(c) PtlFe 2, Fe™ ITH™, Cr, 077, Cr™" | Pt 1sOS9v01tandEC e — + 0.34 volt
d) CdICd“* T, L, I Pt
( PtICl, CI" Il F23+ Fe?* | Pt [Ans. = 0.25 volt]
(e) PtICl,, € ,re 1 61. Calculate the half- cell potential at 298 K for the reaction,
55.. Predict whether the following reaction will occur Zn%t 42 s 7n
Spomaneoudycorzf ot S Co + Sn? ' if[Zn 2+] =0.1 M and E° = - 0.76 volt.
0“" + Sn —> Co + Sn o
[Ans. — 0.789 volt]
Ez oot = 0.277 vol; and E° e = 0.136 volt ~ 62. A galvanic cell consists of a metallic zinc plate itnmersed in
° 0.141 vol ' 0.1 M Zn(NO,), solution. Calculate the emf of the cell at
[Ans. No; Eg s negative = Lvolt] . - 25°C. Write the chemical equations for the electrode reactions
. q
56. An iron wire is immersed in a solution containing ZnSO, and

and represent the cell. (Given: EZ 24, —0.76 volt and

=]

Eprerpn =

- 0.13 volt)
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[Ans. Zn—>Zn** + 26, Pb** + 26 — Pb 0. Caloulate the emf of the cell
Zn| Zm2+ Il Pb** IPb Crl Cr®* (0.1 M) Il Fe** (0.01 M) | Fe
M 002 M
' ‘B :e“ = 0.63 volt Eqy = 0.609 vol] (Given: ECr3+/Cr = ~0.75 volt; EFez*/Fe = - 0.45 volt)
63. Calculate the cell potential of the cell at 25°C having the céll [Ans. 0.261 volt] :
. reactxon _ 71. Calculate the equilibrium constant for the reaction,
. 2Ag" + Cu == 2Ag + Cuz* L Zn(s) + AgZO(s) +H,0() —— 2Ag(s) + Zn“(aq)
(Given that, [Ag*]=1.0x10" M,
» +20H" (aq )
C[Cu1=10x 1074 M, E, — 046 volt) - , f
[Ans. 040 volt] when E:ell =1.11at 298 K.
64. Calculate the E and E° of the cell [Ans. K.=3.499x107] ,
Nil Ni%* iCu®* I1Ca 72. The standard reduction potential of Ag* |Ag electrode is 0.80
from the following half-cell reactions: e ) - wyolt.  Calculate the _sstandard electrode * potential of
Ni** 4+ 2¢” — Ni; E® = - 0.25'volt ClI"1AgCllAg at 25°C. Given solubility product,
—eﬁz*%r—%e“—«-:?—eu;——bm_—ﬁkﬁ—%woh——ff—% D= 1.8x107°

— (Given:[Ni** | = 1M and {Cu** Ha%xﬁ—tﬁmppxy A

65

66.

67.

68.

69..

E

[Ans. ESy =0.59 volt; By = 0.5015 volt]
Use E° values to calculate AG® for the reaction

Fe?* + Agt — Fe’* + Ag
Bvimg =0.80volt and . EWF.3+ —— =0.77volt ..
[Ans. - 2895 J]
[Hint: Egy =0.03 volt, AG® = - nFEgy |

A piece of zinc metal is dipped in a 0.1 M solution of zinc salt.

. The salt is dissociated to the extent of 20%. Calculate the

électrode potential of Zn**/Zn.

(vaen Ez 29, = 0.76 volt.)

[Ans. - 0.8102 volt]

[Hint: [Z0**]1=0.1%02=0.02M
an; + 2¢ H'Zn

o 0.0591

2z T

(Reduction)

logy[Zn** 1]

Eyrig =

Estimate the concentration Iimitrbéyond which the half-cell
potential of Cu 2+ | Cu will be zero.

Egu3+; —— 0.34 volt
[Ans. 3.1x1072mol L]
_ 00591,

(Hint: E_ 2 e ST [CU% il

Calculate equilibrium constant for the following reaction:

Zn + CuSQy —— ZnS0, + Cu

= (0.765 voh; : Ecu2+/cu

o
Zn/Zn%*

[Ans. 1.862x10%]
For the cell reactxon,
Ni | Ni** nAg tAg
Calculate the equlhbmum constant at 25°C. How much

maximum work would be obtamcd by the opération of this
cell?

[Ans.

= (.347 volt

398 x 10%, Max. work = 202650 ]|

1}

75..

at 298 K.

Egy = 0.0591x log [Ag" 1[(:1'1 0.0591 log Ksp(AgCI)
ES, ==0. 576 volt ‘

cell =

s

EL; = Oxid. pot. anode + Red. pot. cathode

:-....Red.-pot.-cathode [CI= -!-Angl-lvAg-]w:-—:()é?f&;-{‘(—«{)@(}) S

4 =-0.576 + 0.80= 0.224 volt]
Derive Nernst equation for the cell.

Ni(s) | le* {ag. 0.1 M) Il Ag* (aq 0. IM)IAg(s)
and also ﬁnd its cell potential. Given:

)
EAng A = Q.SO volt and ENi 2 =

[Hint: - Cell reaction,
Ni + 2Ag" — 2Ag + Ni**; Eq, =105 volt
00591, INi*"]
2 [Ag' Y
= (1.05 ~ 0.0295) volt
=102 volt] . T
Détermine the equilibrium constant of the following reaction

— 0.25 volt

Nernst equation, £y = Eoy —

2Fe® + Sn?* — 2Fe?* + Sn**
(Given: E.

st g2t = 015 volt, E_ S 0771v01t)
K =10x10*
Calculate E_,;,. The value is 0.621 volt.

‘ 0.0591
Apply Eqy = 5 logK]

[Ans.
[Hint:

The zinc-silver oxide cell is used in hearing aids and electric
watches. From the following data:

Zn?** + 2¢” — Zn; E° =—-0.76volt
Ag, 0+ H,O+2 —— 2Ag+20H; E°= 0334 volt
Answer the following:
{a) Construct the cell and what will be its emf 7

(b) Whatis its cell reaction and what will be AG® value of this
cell reaction? ‘
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- [Ans.

76.
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(¢) Name the species which undergo oxidation and reduction
when the cell is in operation,

(a) Cell Zn|Zn " il OH™ | Ag,01Ag
E_y =1.104 volt
(b) Cell reaction,
Ag;0 + H,0 + Zn — 2Ag + Zn** + 204"
AG® = —nFES, = -2 % 96500 x 1.104 = - 213072 ]
(¢) Zinc is oxidised t6 Zn** and Ag,Q is reduced to Ag.]
Anu excess of Hg was added to 107 M acidified solution of

Fe3+ ions. It was found that only 4.6% of the ions remained as
Fe** at equilibrium at 25°C. Calculate E£° for ZHgf Hg

25°C for
2Hg + 2Fe*" == Ho?-* + 2Fe**

[Ans. - 0.7912 volt]
’Thf-‘l emfofibe ppﬂ

81.

[Hint: By passage of 10° coulomb charge, zinc ion
concentration increases by 0.518 mole while copper ion
concentration decreases by 0.518 mole. :

- Thus, [Zn® ]=1.518 M and [Cu®* | = 0.482 M

(Now apply Nernst equation)]
Calculate the standard potential for the reaction,
Hg,Cl, + Cl, — 2Hg?" + 4CI”
{Given: '
Hg,Cl, + 2¢” — 2Hg + 2CI7;
Hgs" — 2Hg?"

E®=0270volt
E° =~ 092volt
- 0.79 volt
E° =1.36volt)

+2¢;
2Hg — Hgi* +2¢7; . E°=
Cl +2¢ —2CT7;

Ans. —0.08 volt]
iHint: Flrst determine E° for

Hg,Cl, — 2Hg? + 2CI™ + 2¢” electrode.

737

: AnlAaI {0.05) Mk'f HE0.05) AleN(”) [Ag

1t comes-to =-1.44 volt

78.

— ~Ag*7Agand Fe> "/ Fe**electrodes equals zero? The reactionds

[Hint:

79.

80.

' constant a at 25°C for the reaction. (Given: E o

is 0. 788 volt Calculate the solublhty product of AgI
[Ans. 1.10%107']

At equlmolar concentrations of Fe’* and Fe'*, what must
[Ag"]be so that the voltage of the galvanic. cell made from

Fe?* + Ag* == Fe™ + Ag. Determmf: the --equilibrium

IAg ’0.7"?9 volt

and E° oI gt = 0.771volt)

CC“ =, Fet R Ag*/Ag
=-0.771+ 0.799 = 0.028 volt

At g@inbrium, E.; =0
0= o _ 00591,

cell
1

. [Fe* |
{Fe™* Jlag*)
1 R
0.0591 log
g[A "

o
£~}

{e]
= Ecell -

[Ag* 1= 034
nE®
0.0591
K =3.0]
Using Nernst equation for the cell reaction,
Pb+ Sn®* —— Pb™* + Sn
2+ 4

Célcu‘late the ratio {Sb +J for which E = 0.
n

=0.13 j;olt and Es&*f

logK =

((nven ES = 0.14 volt)

Pp/PHI.
[Pb**}

[Ans S ]

=0.5]

i Determmc the potential of a Daniell cell initially containing

1.00 L each of 1.0 M copper(Il) jon and 1.0 M zinc(Il) ion,
after passage of 10° coulomb charge. The E° of the Daniell
cell is 1.10 volt. - :

[Ans.  1.09 voli]

82.

83.

84.

85.

This electrode is now coupled with Cl, + 2¢” — 2CI”
electrode.] : ~

Given: ' '
- CuPt e —Cut; E°=0.5volt
o Culre —sCu o ES=05volt ... ___.

Calculate potential for Cu®* + 2¢™ — Cu.

[Ans. 0.325 volt]

What is the standard electrode potentml for the electrode
MnO,/ MnO2 in solution?

(Given: EMO P =], 51volt EMnO I 2t = 1.23 volt)
[Ans. 1.7 volt]

[Hint:

MnOj + SH* +5¢ — Mn?* +4H,0; E° =151 volt
- MnO; + 4H + 26— Mn®* + 2H,0; E° =1.23 volt
Subtractmg

MnOj + 4H* + 3e > MnO, + 2H,0; E° =1

Sx151-2x123 _755-2.46 _ 5.09

3 T3 3

What ratio of Pb** to Sn>*
the following cell reaction?
Sn(s) + Pb* (aq.) — Sn>*(aq. ) + Pb(s)

~0.136 volt and E° - 0.126 volt

E°=

=1.70 vo]t]

concentration is needed to reverse

-y
E n2*/sn bz’/Pb

[Ans, L} < 0458}
[Sn**]

For the cell Mgl Mg@' HAg" | Ag, calculate the équilibrium

constant at 25°C and the maximum work that can be obtained
during the operation of the cell. '

(Given: EM g2+ = 237 voltand E° (247 = 0-80 volt)

Ans. K=2.86x10"7: W ,m—éllsxmsn
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Determine the potential for the cell:
Pt| Fe?. Fe™* Il Cr,077, Cr*', H* | Pt -

in which [Fe**] and [Fe** ] are 0.5M and 0.75M respectively
and [Crl()%_], [Cr'*] and [H*] are 2M, 4M and 1M
respectively. Given: '

_ Fe'* + ¢& —— Fe’*
14H* + 6e™ + Cr,07” = 2C1
[Ans. 0.56 volt]

For the measurement of the solubility product of AgCl the
following cell is constructed:

Agl AgCIIKCI (0.1 M) 1 AGNO; (0.1 M) | Ag

*+TH,0;  E°=135volt

88.

89.

90.

91.

92.

.93.

The emf of the cell is 0.45 volt. In the cell, KCl is dissociated

to the extent of 83% and AgNO, is dissociated to the extent of
86%. Calculate the solubility product of AgCl at 298 K.
[Ans. 1.735x107'

cel] - Ece]l 0. 0591 lOg M]
[Ag ](,‘nhodc

Excess of AgCl is added to 0.1 M solution of KBr at 298 K.
Calculate the equilibrium concentrations of Br~ and Cl~ ions.

[Hint:

EC!‘/AgCIx‘Ag = 0.222 volt EBr"/AgBr/Ag = 0.095 volt
[Ans. [C17]=0.09929 mol L', [Br™]= 0.00071 mol L™
[Hint: AgCl + BT —— AgBr+ CI”
At equilibrium, (0.1 - x) X
EO
Appl log K =l
PPy 0.0591
or - cell ]
(O 1-x) 0.0591
The emf of the cell Cu | CuSO, Il CuSO I Cu is — 0.03 V at
a=0.1 X

25°C. Calculate the activity of copper sulphate solution in the
right band side electrode.

[Ans. 0.009616 mol L]
o o 0.0591 0.1
[Hint: Apply E = (Fg, — Eg)—— log —]
X
The cell, PtIH, (latm) ! H* (pH=x)1

normal calomel electrode, has an emf of 0.67 volt as 25°C:
Calculate the pH of the solution. The oxidation potential of
calomel electrode on the hydrogen scale is — 0 28 volt
[Ans. pH=6.61]
The emf of the cell,

Ag!lAgl, KI(0.05 M) 1l AgNGO, (0.05 M) | Ag
is 0.788 volt. Calculate the solubility product of Agl.
JAns. 1.101x107%
The standard reduction potential for Cu®*/Cu is + 0.34 V.
Calculate the reduction potential at pH =
couple. K, of Cu(OH), is 1.0x 107"°.

Ans. — 022 V] (TIT 1996)

Calculate the potential of ‘a cell in which H electrode is

immersed in a solution of pH 3.5 and in a solution of pH 10.7.

[Ans. 0.4255 volt]

; E°=0770volt"

14 for the above
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94. Calculate the emf of the cell,

Cl, (1 atm) | NaCl (z¢.) | Cl, (0.1 atm)

[Ans. —0.0295 volt]

95. The standard frec energy change for the reaction,

96.

97.

98.

99.

0771 volt. Calculate the E° for Fe**

H,(g) + 2AgCl(s) —> 2Ag(s) + 2H *(aq.) + 2C1 (aq.)

is — 10.26 kcal mol™" at 25°C. A cell using the above reaction
is operated at 25°C under Py, = I atm, [H " Jand [C1"]=0.1.

Calculate the exﬁf bf the cell.
[Ans. 0.340 volt)

For the reaction, Fe’* + 3¢~ == Fe. E° is — 0.036 volt and

N 2
\—-—FC+

the standard electrode potential for Fe** + e is

+2¢ —— Fe.
[Ans. - 0.4395 volt]

The standard reduction potential at 25°C of the reaction

2H,0+2¢” —— H, + 20H" is — 0.8277 vq]t. Calculate the
. equilibrium constant for the reaction,

‘ 2H,0— H,0" + OH" at 25°C
[Ans. =10"7

[Hint:

H,0+ Y H, —> H,0" + & (Anode); E° =0
E*° for the cell = - 0.8277 volt

Apply.now E° = 0.0591 [logK 1~

(n=1D]

n
Calculate the emf of the following cell:
~ Py(H, 1 atm) | CH,CH,COOH (0.15 M) 110.01 M
NH,OHIH, (1 atm) Pt

K, for CH;CH,COOH=1.4x10"
K, for NH,OH=1.8 x 10"
[Ans. — 0.4603 volt]

[Hint: [H* Jin CH,CH,COOH = IC x K, = +/0.15 x1.4 x10°°

=1.449% 107
. e — y
[OH"] in NH,OH = /C xK, = 0.01 x1.8 x 107 = 0.4242x10™*

10714

— _=23573x107!!
0.4242'x107

[H* Jin NH,OH =

E .y =0.0591 log %]
LHS
Calculate equilibrium constant_for
L+I'—1
at 298 K from the following information:.
L(ag) +2e” — 217, = 06197 volt
I; +2¢” — 3 = 0.5355 volt
706.9]
L+2 —2I7;

[Ans.

[Hint: E° = 0619, volt

37 — I + 2¢; E° = - 0.5355 volt

L+l —13; =0.6197 — 0.5355

=0.0842 volt

H,O + ¢ —— ¥ H, + OH™ (Cathode); E°=-0.8277 volt



838 ‘

1060.

101.

102.

103.

104.

“[Ans.

K antilog
0.0591 0.0591

nE } antilo [W}ﬂoa&:]

A lead storage battery has initially 200 g of lead and 200 g of

PbO,, plus excess H,S0,. How long could this cell deliver a
current of 10 amp, without recharging, if it was possible to
operate it so that the reaction goes to completion?

[Ans. 4.48 hour]
Zn(s) + 2AgCl(s) == ZnCl, (0.555 M)+ 2Ag(s)

Egoc = 1.015volt [d_ﬂ = — 4,02 x 107* volt per degree.
: arjp '

Find AG, AS.

—[Ans.AG ==195.895k], AS = -18.55 cal]

G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

105. What will be the value of A for a 0.001 M aqueous NH3

~ solution?
K,=16x10" and Ay =2.38% 102 ohm™ m? mol™

[Ans. 2998 %107 ohm™ cm? mol™]
[Hint: K, =Ca’
1.6x107° = 0.001 x a®
a=0.126
Ac;n ¢
o= (A%, = molar conductance
A at concentration ‘¢’ and
A ) . A, = molar conductance at
0.126 = —tloes infinite dilution)
238x10 .

[Hint: We know that,

AH =nF {T(d‘g) —E}
dT Jp
=296500[-273 X4.02 X 107 = 1.015]
=-217075.98 joule=—-217.075 kJ
AG = —nFE = ~2 % 96500 x 1.015 =~ 195895 J
= 195895 kI
AG = AH - TAS
195895 = ~217.075 -~ 273 x AS
AS =~ 0.07758 kJ =-77.58 T =—-18.55 cal]
Calculate the equilibrium constant for the reaction, -
2Fe +31° == 2Fe™ +1;

The standard reduction potentials in acidic conditions are 0.77
and 0.54 V respectively for Fe**/Fe?* and13/1” couples.

(11T 1998)
6.26%x107]

Electrolysis of a solution of MnSO, in aqueous sulphuric acid

. i$ a method for the preparation of MnO, as the per reaction,

Mn?*(aq.) + 2H,0 — MnO, + 2H'(ag.) + H,

Pzissing a current of 27 A for 24 hours gives one kg of MnQO,.
What is the value of current efficiency? Write the reactions
taking place at the cathode and at the anode. {{IT (May) 1997]

. Exixt
[Hlint: "~ 96500
87 Xix%24 x 60X 60
2 % 96500
i=725.6 ampere

Apply

1000 =

Current efficiency = % % 100 = 94.8%

Reactions: ]
Anode: Mn** — Mn** + 2¢7
Cathode: 2H' + 2¢" — H, ]

(falculate the number of kWh of electricity is necessary .to -

produce 1 metric ton (1000 kg) of aluminium by Hall process
in a cell operating at 1S V.

[Ans. 447 x10%kWh]

AS, =2.998 x 107> ohm™ cm® mol™ I

106. A weak monobasic acid is 5% dlSSOClated in 8.01 mol dm™
solution. The hmmng molar conductivity at infinite dilution is
4.00% 107 ohm™ m? mol” ! Calculate the conductmty ofa

“ 0,05 mol din™® solufion ofthe acid.’ T
[Ans. 892 %107 ohm™ cm? mol™']
- [Hint: stsomatlon constant of acid X, = Co?
=0.01 % (0.05)°
=25%107
K,=Ca®
25x107 =0.05x o
o=0.0223
¢ .
‘We know that, 00 = —2
»
4
0.0223 = A 5
4 x 107

AS, =8.92 %107 ohm™ cm?® mol™ |

107. 1.05 g of alead ore containing impurity of Ag was dissolved in
quantity of HNO; and the volume was made 350 ml.. A Ag
electrode was dipped in the solution and £, of,

PH,) | H (1 Myl Ag™ | Ag
was 0.503 V at 298 K. Calculate % of lead in the ore.

E =080V

° .
Agtiag
[Ans.

[Hint:

0.0339%]
Anode % Hy(g) —s H A M) + ¢

-Cathode Ag*(x)+ e —> Ag(s)

SH)+ AW = A HHIAM) (=D

E® =0.80 - 0=10.80volt
(H] 1
[Ag'] x
. E=po - 0.0591 logyy O
e . . n

0.503 = 0.80 - 0‘01591 logjo [1)
X

Q=
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x=943x107% M

Number of moles of Ag* in 350 mL
MY 943x107°x 350

839

[Hint: Anode , Ag(s)——)Ag” +¢;  E°=0.80volt

~ Cathode [Ag(NH,),]" + ¢ —> Ag(s) + 2NH,; E° = v volt

Ag(s) + [Ag(NH,),]” === Ag(s) + Ag’ + 2NH,

1000 1000
=33x107 _[AgTINHE s (=)
[Ag(NH,), T ° () 080
Mass of Ag =3.3x 1075 x108=356x107* g , B Eg = (v~ 0.80)
356 % 10~ At equilibrium, £ = 0 :
% Ag in the ore = - X 100 = 0.0339%] ’ E=po 0.0591 log O
. "
108. Calculate Eo+ofth_e following half-cell reaction at 298 K: 0=(v=0.80)- 0.0591 log (6 x 10°%)
Ag(NH,); + e —— Ag + 2NH;
CAg e A E, ., =080V v="0373volt]
Ag(NH,); 7= Ag* + 2NH;; K =6x10"

5.

[Ans.

0.373 volt]

Set-1: Questions with single correct answer

An electrolyte is a substance which:

_ (a) conducts eleétricity

(b) decomposes on heating

(c) is acidic in nature N

(d) when dissolved in water, dissociates into ions

The theory of ionisation was presented by: '

(a) Faraday (b} Arrhenius{c) Ostwald (d) Rutherford
Dissociation of an electrolyte in water into negative and
positive ions is called:

(a) ionisation (b) electrolysis

(c) decomposition {d) hydrolysis

Degree of ionisation is equa} to:

(a) total number of moles of the electrolyte present in solution
(b} total number of moles of the electrolyte dissociated into
ions .

(c) number of moles dissociated /total number of moles

dissolved
(d) total number of moles dissolved/number of moles dissociated
Conductivity of aqueous solution of an electrolyte depends on:
(a) molecular mass of the electrolyte
(b) boiling point of solvent
(c) degree of ionisation
(d) volume of the solvent )
Degree of ionisation does not depend on:
(a) nature of the solvent
(b) nature of the electrolyte
{c) dilution
(d) molecular mass of the clectrolyte
Substances which give good conducting aqueous solution are
called:
(a) weak electrolytes {b) strong electrolytes
(¢) non-clectrolytes (d) catalysts
The number of ions given by one molecule of K Fe(CN); after
complete dissociation is:

10.

11.

12.

13,

14.

15.

16.

(a)5 (1 ()2 (d)y 10
The amount of electricity required to produce one mole of
copper from copper sulphate solution will be :

(VITEEE 2008)
(a) 1 faraday (b} 2.33 faraday
(c) 2 faraday - {d) 1.33 faraday
Mint: Cu®* + 2¢ — Cu(s) '
1 mole copper requires 2 mole electron, i.e., 2 faraday charge.]
The process in which chemical change occurs on passing
electricity is termed:
(a) ionisation (b) neutralisation
(c) electrolysis (d) hydrolysis
Which of the following condition is correct for operation of
electrolytic cell?
(a) AG=0,E=0 by AG<0,E>0
() AG>0,E<0 () AG>0,E>0
Which one is the correct equation that represents the first law
of electrolysis? .
(@ mZ=ct (b)ym=cZt (cyme=2t (d) c=mZt
When one coulomb’ of electricity is passed through an
electrolytic solution, the mass deposited on the electrode is
equal to: ’
(a) equivalent weight (b) molecular weight
(c) electrochemical equivalent (d) one gram
One faraday is equal to:

(a) 9650 coulomb
(¢) 19640 coulomb

(b) 10,000 coulomb
(d) 96500 coulomb

~When one faraday of electric current is passed, the mass

deposited is equal to:
(2) one gram equivalerit {b) one gram mole
{c) electrochemical equivalent (d) half gram equivalent

On passing one faraday of electricity through a dilute solution
of an acid, the volume of hydrogen obtained at NTP is:

(a) 22400 mL (b) 1120 mL
(c) 2240 mL (d) 11200 mL



o |

17.

18.

19.

w g of copper is depositcd in a copper voltamrieter when an
electric current of 2 ampere is passed for 2 hours. If one
ampere of electric current is passed for 4 hours in the same
voltameter, copper deposited will be:

(@) w ®) w2 (c) w4 (d) 2w

Copper sulphate soluticn is electrolysed between two
platinum electrodes. A current is passed until 1.6 g of oxygen
is liberated at anode. The amount of copper deposited at the
cathode during the same period is:

(a) 636 ¢ (b) 636g (o) 127g (d) 32¢

When electricity is passed through a solution of AlCl;, 13.5 g

of Alis discharged. The amount of charge passed is:

28.

29,

. 30.

31
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The extent of jonisation increases:
(a) with increase in concentration of the electrolyte
{b) on decreasing temperature of solution

- (¢) on addition of excess of water

(d) on stirring the solution vigorously

Molten sodium chloride conducts electricity due to the
presence of:

(a) free electrons (b) free jons

{c) free molecules- (d} free atoms of Na and Cl
When NaCl is dissolved in water, the sodium ion is:

{a) oxidised (b) reduced

(c) hydrolysed {d) hydrated

A solution of sodium sulphate in water is electrolysed usmg

26,

21,

22.

23.

24.

25,

26.

27.

: ay 1.5F

" (c) specific gravities

(b)) 05F €y T.OF (dy 2.0F

When the same electric current is passed through the solution
of differem electrolytes in series, the amounts of elements
deposited on the electrodes are in the ratio of their:

(a) atomic numbers {b) atomic masses

(d) equivalent masses
Faraday’s laws of electrolysis are related to: _

(a) atomic number of the cation

{b) atomic number of the anion

(c) -equivalent massof the electrolyte

(d) speed of the cation

The specific conductance of a 0.01 M solution of KCI is
0.0014 ohm™ cm™ at 25°C. Its cquivalent conductance is:
(a) 14 (b) 140 ) 1.4 (d) 0.14

The équivalent conductivity of 0.1 ¥ CH;COQH at 23°C is 80

and at infinite dilution 400 ohm™

of CH,COOH is:
(@ 1 (b) 0.2 (c) 0.1 {dy 0.5

The number of electrons involved when one faraday of
electricity is passed through an electrolytic solution is:

(a) 96500 (b) 8x10° (c) 12x10'° (d) 6x 107
One faraday of charge was passed through the electrolytic
cells placed in series containing solutions of Ag*, Ni** and

crit respectively. The amount of Ag (At. mass 108), Ni (At.
mass 59) and Cr (At. mass 52} deposited will be:

. The degree of dissociation

Ag Ni Cr
{a) 108 g 295¢g 175¢g
(b) 108g 590¢g 520¢g
(c) 108¢g 1080 ¢ 108.0 g
(d) 108 ¢ 1175¢ 1660 g

One faraday of electricity will liberate one gram mole of the
metal from the solution of:

(a) BaCl, {b) CuSO,

(c) AICL, (d) NaCl

Strong electrolytes are those which:

(a) dissolve readily in water

(b) conduct electricity

(¢) dissociate into ions even at high concentranon
{d) dissociate into ions at high dilution

33,

34.

35.

36.

37.

38.

40.

platimunt electrodes. The products at cathicde and anode are
respectively: ’

(a) Ha, O, (b) 0,, H,
i (C) 029 Na (d} 0‘1, 802
32. The electric conductmn ofa salt solutxon in water. depends;an,
R

(@) shapc of molecules (b) size of its molecules
(c) size of solvent molecules {(d) extent of its ionisation
In electroplating, the article to be electroplated ~ >rves as:
(a) cathode 0 wivvaurye

{¢) anode (d) conductor

The amount of electricity that can deposit 108 g of silver from
silver nitrate solution is: {AFMC 1993)
{a) 1 ampere
(c) 1 faraday

(b} 1 coulomb
(d} 2 ampere
A certain current liberated 0.504 g of hydrogen in 2 hours.
How many grams of copper can be liberated by the same
current flowing for the same time in Cu80, solution?
(a) 127g .(b) 159g () 31.8g (d) 63.5g
If the specific resistance of a solution of concentration C g
equivalent litre ™ is R then its equivalent conductance is:
100R I()O()

@) ®) 1000 (} @ IOOOR
If the spec1ﬁc conductance and conductance of a solution are
same, then its cell constant is equal to:
(a) 1 (b) 0 {c) 10 (d) 100
On increasing the dilution, the specific conductance:
‘ (Jiwaji 1990)
(a) increases (b) decreases :
{(¢) remains constant (d) none of these
The distance between two electrodes of a cell is 2.5 cm and
area of each electrode is 5 cm”. The cell constant is:

: (Jabalpur 1990)
(a) 2 by 125 {cy 7.5 (d) 0.5
At 25°C, the molar conductances at infinite dilution for the
strong electrolytes NaOH, NaCl and BaCl, are 248x 1074,
126x 107" and 280x10™*Sm” mol™ respectively. A*, Ba(OH),
in $m? mot™": (EAMCET 2009)
(a) 52.4x10™ (b) 524 x107*
(c) 402x 107 (d) 262x107™
[Hint : A%,Ba(OH), = A°,BaCl, + 2A°,NaOH — 2A°, NaCl
=280>M07 + 2% 248x 107 - 2x 126 x 107
=524 x107*S m” mol ']
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41. The electrochemical ccll stops working -after some time 52. The reaction,%Hz(g) + AgCl(s) = H*(aq.) + CI” (aq.) + Ag(s)
because : ‘ (VITEEE 2008) ) - ‘
(a) electrode potential of both the electrodes becomes zero occurs in the galvanic cell: . (AFMC 2009)
(b) electrode potential of both the electrodes becomes equal (a) Ag|AgCl(s)| KCl(soln.) || AgNO; (soln.) | Ag
(¢) one of the electrodes is eaten away (b) Pt]| Hy(g) | HCl (soln.) || AgNO; (soln.) | Ag
(d) the cell reaction gets reversed {c) Pt Hy(g) | HCl (soln.) |} AgCl(s) | Ag
42. Which reaction will take place at cathode when fused calcium (d} PtIH,(g)| KCl (soln.} || AgCl(s) | Ag
chloride is electrolysed? 53. The standard oxidation potentials, £°, for the half reactions
(a) Ca“‘ +2¢ —>Ca () CI" —>Cl+e are as . :
(¢) Ca** -2 ——Ca (@) CI -e —Cl Zn — Zn* + 2e7; E°=4+076volt -
43. In electrolysis oxidation takes place at: Fe —3 Fe?* + 2¢; E° =+ 0.41volt V
{a) both the electrodes (b) cathode - ‘ 2
(c) anode (d) in the solution Theemf of the cell, Fe™ + Zn — Ln T FFeis
44. The equation representing the process by which standard [CET (Karnataka) 2009]
reduction potential of zinc can be defined is: (a) +0.35 volt (b) - 0.35 volt
(a) Zn2+(S) +2¢ 7n (C) +1 17 Volt (d) —1.17 volt
g e e i ey o e ot e et i 54, The standard reduction potentials-at-252C for-the . following....——
2% = -poten or- g-v
(b) Zn(g) — Zn""(g) + 2¢ half reactions are given against each;
(c) Zn**(g) + 2¢ —— Zn
In**(ag.) + 2¢ = Zn(s); ~ 0762
(d) Zn**(aq.) + 2¢” —> Zn(s) 34 nd
Cr'(ag. )+ 3¢ —— Cr(s); - 0.740
45. The measured potential for, - NI o e
Me?* + 20 M) 2H + 2e = H,{(g); 0.00 _
Fe** + ¢ == Fe?*; . 0.77
does not depend upon: . ) .
(a) raising the temperature Which is the strongest reducing agent_? (VITEEE 2007)
(b) increasing the concentration of Mg”* ions ‘Ea; ;Z{n( ) (3) ;Zr2+
, c 3
{c) making the magnesium plate bigger . 28 ) (d) Fe™(aq)
(d) purity of magnesium plate ‘-55. Hydrogén gast will not reduce heated: o
46. All cells do not contain: (a) cupric oxide (b) ferric oxide
(a) an anode (b) a cathode (9] stan;nc ox1d§ - (d) alur_ninium oxide
(c) fons (d) a porous partition 56. A solution containing one mole per l-ltre (?f each Cu(NO,),;
47. When lead accumulator is charged, it is: AgNO;y; ng(I;IOQZdand N;g(NOf)z is ?emg electrolysed by
(a) an eléctrolytic cell (b) a galvanic cell using .mert € ectr§ es. The values o standird electrode
; potentials (reduction potentials) are” Ag/Ag™ = 0.80 volt,
{c) a Daniell cell {d) none of these . s ' 2e
48. The standard electrode potentials for the reactions, 2Hg1’H2 = 0.79 volt, Cu/Cu™ =+0.24 volt, Mg/ Mg
. - . =237 volt. With increasing voltage, the sequence of
Ag'(ag)+e > Ag(s) dep031t10n of metals on the cathode will be: A
Sn**(ag.) + 2¢” — Sn(s) [PMT (Kerala) 2004]
at 25°C are 0.80 volt and — 0.14 volt respectively. The emf of (a) Ag, Hg, Cu (b) Cu, Hg, Ag.
the CE” (C) Ag: Hga Cua Mg (d) Mga Cl.l, Hg: Ag
Sn | Sn2*(1 M) || Ag*(l M) | Ag 57. Four colourless salt solutions are placed in separate test tubes
is: 4 : and a strip of copper is dipped in each. Which solution finally
. 9
(2) 0.66volt (b) 0.80 volt (c) 1.08 volt (d) 0.94 volt turns blue? »
49, The cathodic reaction in electrolysis of dilute H,50, with - (@) PbiNOy), (b) AgNO;  (c) Zn(NOy), (d) Cd(NOy),
platinum electrode is: 58. Red hot carbon will remove oxygen from the oxide XOand YO
(2) oxidation - but not from ZO. Y will remove oxygen from XO. Use this
(b)' reduction , evidence to deduce the order of activity of the three metals X,
() both oxidation and reduction Y and Z putting the most active first:
. {d) neutralization (a) XYZ (b) Z¥X (© XXz (@ ZxY
50. Strongest reducing agent is: 59. ;\Zfahcigz ?}f the following metals does not give the following
. on’
@) K ) ®) Mg © Al ) (d)_I M + Water ~— Oxide or hydroxide + H,
31. The metal oxide which decomposes on heating, is:

(a) ZnO (b) HgO (c) AL O, (d) CuO

(a) Iron (b) Sodium {¢) Mercury (d) Magnesium
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{(a) The hvdrogen ion concentration is 1 M

60. Which is the best reducing agent? (b) Temperature is 25°C
' (a) F~ (by CI” (c) Br~ @1 (¢c) Pressure of hydrogen is 1 atmosphere
61. 1f a spoon of copper metal is placed in a solution of ferrous (d) It contains a metallic conductor which does not absorb
' sulphate: ‘ hydrogen
(a) Cu will precipitate out - 73. The electrode potential becomes equal to standard electrode
(b) iron will precipitate potential when reactants and products ratio is: ‘
(¢) Cu and Fe will precipitate (a) equalto ] (b) greater than 1
 (d) no reaction will take place (c) less than 1 (d) none of these
62. Among Na, Hg, S, Pt and graphite, which can be used as 74. For the half-ce]lreac;ion, B
electrodes in electrolytic cells having aqueous solutions? Au™" +3e” — Au
(a) Hg and Pt ) (b) Hg, Pt and graphite the value of n used in Nemnst equation is:
_ {c) Naand S (d) Na,Hgand $ : (a) 3 ®) 2. ey 1 (d) 3x 96500
63. The most reactive metal among the fo]]owing is: 75. When a piece of sodium metal is dropped in water, a reaction
(a) Al (b) Ni (c) Pb (d Cu takes place to yield hydrogen because: ’
64. Which of the following metals is most readily corfoded in (8) sodium loses electrons
moist air? (b) sodium acts as an-oxidising agent
S "('a')"-eopper”““— : (o)-ron—- ..{c).water loseselectrons .
() Silver (d) Nickel (d) water acts as a reducing agent
65. Which one will liberate Br, from KBr? . 76. Which one is the wrong staternent about- electrochemical
' series? .
(a) HI () I, ) Cl, (dy SO, : . . .
66. Which one of the following is not the correct representation? : (a)» Act{ve metgls have negatwe. r.e duc“‘?“ Qotennals .
. , ’ o , (b) Active non-metals have positive reduction potentials
(3) Ecen = Red. pot. of cathode + Oxid. pot. of anode {c) Metals above hydrogen liberate hydrogen from acids
(b) Eoy = Red. pot. of cathode — Oxid. pot. of anode (d) Metals below-hydrogen are strong reducing agents
o . 77. The reduction potential values are given below:
(©) By = Rgd. pot. of cathode — Red. pot. of anode APPYIAL = —1.67 volt, Mg®*/Mg = —2.34 volt,
D E:e” = Oxid. pot. of cathode + Oxid. pot. of anode Cu?t/Cu = + 0.34 volt, L,/217 =+ 0.53 volt.
67. Which of the following represents the p;)tential of silver wire Which one is the best reducing agent?
dlppe(;l into 0.1 M AgNO, solution ato25 C? (a) Al (b) Mg
(a) Ereq (b) (Epeq +0.059) (¢) Cu DI
() (B2 - 0.059) @ ( E‘?d - 0.059) 78.. From the values given in question No. 77, Wthh one is the
e R .  best oxidising agent?
.68. Tf tl?e solution of the CuSO, in which cop?er rod is immersed (@) Al (b) Mg © 1, (@ Cu
‘ _.15:d1’1uted to 10 tlmgs, t!ae fleCt;OdZ potennalg 30 79. When iron is rusted, it is: -
(a) {ncreases by 0.030 volt (b) decreases by 0.030 volt (a) reduced (b) oxidised
(c) mcr.eases by 0.059 volt @) decrease§ by 0.0059 vo_lt o (c) evaporated ‘ (d) decomposed
69. A}:’_Olliltlon Of‘l(‘;l:l(ln)cwzlfiatc 15 reaccl;ttedcmfl; KCl and KI. In . 80. Galvanization of iron denotes coating with: )
ch casev;: e Cu”" be reduced to Cu™? (@ Cu () Sn © Zn (@ Al
- (8) In both the cases. 81. The standard electrode potentials of four elements 4,5,C and
(b) When reacted with KCI D are ~3.05, 1.66, ~0.40 and 0.80 volt. The highest chemical
(¢) When reacted with K1 ‘ activity will be shown by:
(d) In both the cases but in presence of H N @4 (B @ C (d) D
70. From the electrochemical series, it can be concluded that: - 82. Which of the following methods does not liberate hydrogen?
(a) Zn** will liberate H, from 1 M HCl (@ Zn+H;S0,(dil) (b)) Mg+ H,S0, (dil)
(b) Ag metal reacts spontancously with Zn>* (¢) Cu+ 'HZSO4 (d'nl.) ('d) Zn + HCI(dil)
(¢) Zn metal will liberate H, from 1 M HC 83. A depolarizer used in dry cellis: o
(d)f Ag metal will liberate H, from 1 M HCI {a) ammonium chloride {b) manganese dioxide
L tential of lectrode at oH = 1is: (c) potassium oxide (d) sodium phosphate
71. The potential of a hydrogen electrode at p ' 84. . The oxide which can be reduced by hydrogen is:
_{(a) 0.059 volt (b) 0 volt (a) Na,O - (b) CaO (©) K,0 (d) CuO
{c) —0.059 volt (d) 0.59 volt 85. The reference electrode is made from which of the following?
72.  Which is not true for a standard hydrogen electrode? (a) ZnCl, {(b) CuSO,; (¢} Hg,(Cl, (d) HgCl,



86.

ELECTROCHEMISTRY

Given, standard electrode potentials; »
Fe** +3¢” — Fe; E° = - 0.036 volt
" Fe™ +2¢” — Fe; . E° = - 0.440 volt

The standard electrode potential £° for Fe>* + ¢~ — Fe?*
is: [AMU (Medical) 2007; ATEEE 2009]

(a) — _ 0.476 volt (b) - 0.404 volt

{c) 0.440 volt {d) - 0.772 volt

[Hint:  Apply AG =~ nFE

Fe'* +2¢ —Fe AG =-2x F x (- 0440 V) = 0.88F ..(})
Fe** 43¢ — Fe AG = -3 x F x (~0.036) = 0108F _..(ii)
Subtracting eq. (i) from eq. (ii),

- 87..

88.

89.

90,

91.

92.

93.

94,

95.

AG = 0108F — 0.880F
= —0.772F
AG __ w = 0.772 volt]

E? for the reaction = — — =
nF IxF

TFe"+e —Fe

-IQCa~—and~Liémetals—mayi»be»arréngedfin—the~dec;:reésing«rbrdel;»~- e

of their standard electrode potentials as:

(a) K, Caand Li {by Li,K and Ca

(c) Li,Caand K (d) Ca,Liand KX

In a galvanic cell energy changes occur like:

(a) chemical energy — electrical energy

(b) electrical energy —> chemical energy

(c) chemical energy — internal energy

(d) internal energy —— electrical energy

The reaction is spontaneous if the cell potential is:

(a) positive (b) negative

(c) zero (d}) infinite

Is the reaction, 2Al + 3Fe** == 2AI>* + 2Fe possible?
(a) No, because standard oxidation potential of Al < Fe
(b) Yes, because standard oxidation potential of Al > Fe
(c) Cannot be predicted

“(d) Yes, because aluminium is a strong oxidising agent

In an experimental set-up for the measurement of emf of a
half-cell using a reference electrode and a salt bridge, when

- the salt bridge is removed, the voltage:

{a) does not change (b) increases to maximum
{c) decreases half the value (d) drops to zero
More electronegative elements have:
{(a) negative reduction potential
(b) tendency to lose electrons
(c) positive reduction potential
(d) positive oxidation potential
Which metal will be deposited in the galvanic cell? -
CulCu®™ || Ag" | Ag
-(b) Ag
-+ {d} None of these
In the cell Zn | Zn 2 Cu N { Cu, the negative electrode is:
(@ Cu -~ (®Cu* () Zn (d) Zn**
Which of the following gains electrons more easily?
(a) Na* (b) Zn?
(c) AP (d) H*

(a) Cu
{c) Both

96.

97.

e 98,

99,

100.
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The potential of a hydrogen electrode at pH 10 is:
(a) 0.51 volt {b) Ovolt
(c) - 0.591 volt (d) 0.059 volt

" The emf of the cell,

Ni | NiZ* (1. OM)HAg (1.0 M)|Ag
(E° for Ni**/ Ni = - 0.25 volt, E° for Ag*ng 0.80 volt)
is given by: '
(a) — 0.25+ 0.80 = 0.55 volt
(b) - 025~ (+ 0.80) = — 1.05 volt
{c) 0+ 0.80— (~ 0.25) = +1.05 volt
(d) -0.80— (-~ 025)——055volt

The-reaction-for-the {‘bl‘

Zn|Zn* (I.O'M)H ca** (1.oM)|cd
is:
(a) Cd — Cd** +2¢”
(b) Zn® —>Zn-2e"

(©) Cd+Zn* — Cd** + Zn
(d) Zn + Cd* — Cd + Zn*

The position of some metals in the electrochemical series in
decreasing electropositive character is given as Mg > Al > Zn_
> Cu> Ag. What will happen if a copper spoon is used to stira
solution of aluminium nitrate?

{(a) The spoon will get coated with aluminium )

(b) An alloy of aluminium and copper is formed

{¢) The solution becomes blue

{d) There is no rea(_;tion

The half-cell reaction is the one that:

(a) takes place at-one electrode

{b) consumes half a unit of electricity

" (c) -involves half a mole of electrolyte

102.

103.

(d) goes half way to completion

Which Nernst equation is true to find out the potential of’
non-standard electrochemical cell from the following 7 .

Fe(s) [Fe?" (xM)|| 1™ (aq.)| L (s) (PY

[CET (Gujarat) 2008]
: 5 0.592
(@) E gy = Ecan - — logo [Fe** [T T
£ 0.0592 -
(b) Eceu Ecen = log o [Fe* 1[I T
£ 0.0592
(©) Egy = Ecay — logyo [Fe™ 1[I"]
o 0.0592 Fe** 1[I P
(d) Ecen Ecn = log,, [ 1]
nF - [Felll,]

During the electrolysis of fused NaCl, which reaction occurs
at anode?

(a) Chloride ions are oxidised
(b). Sodium ions are oxidised

(¢) Chloride ions are reduced

{(d) Sodium ions are reduced

E°(Ni®*/Ni) = - 0.25 volt, E°(Au**/Au) =1.50 volt. The
emf of the voltaic cell, ' '



(d) H, + Ni** —> 2H"* + Ni
(e) Zn(s)+ 2H (ag.) == Zn*"(ag.)+ H,(g)

. 844 G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS
Ni{Ni** (1.0 M) [[Au 3+ (1.0 M) | Au 113. Which one of the following will increase the voltage of the
is: : -~ cell?
(a) 1.25volt " (b) ~1.75 volt(c) 1.75 volt  (d) 4.0 volt o Sn42Ad" — Sn* + 2Ag
104. Which of the following does not occur at cathode? () Increase in the size of silverrod
@ Ag* Ag— o (b) Fe2* Fe'* 4 o {(b) Increase in the concentration of Sn~" ions
, c2+ 5 - i c - 0 -2 (¢) Increase in the concentration of Ag” ions
(€) Cu™ + = v (@2 27 e * {d) None of the above
105. The s.trong oxidising age.-nt has: ) 114. A chemist wants to produce CI, (g ) from molten NaCl. How
(a) high value of reduction potential many grams could be produced if he uses a steady current of 2
(b) high value of oxidation potential ampere for 2.5 minutes?
(¢) low value of reduction potential (a) 3.55¢g (b 1.775g (¢) 0.110g (d) 0.1775¢
(d) high tendency to lose electrons 115. In the electrolysis of CuCl, solution, the mass of cathode
106. The passage of electricity in the Daniell cell when Zn and Cu increased by 6.4 g. What occurred at copper anode?
electrodes are connected is from: (a) 0.224 litre of Cl, was liberated
(a) Cuto Zn in the cell (_b) 1.12 litre of oxygen was liberated - A
(b) Cuto Zn outside the cell » (¢) 0.05 mole Cu®* passed into the solution
{€).Zn to Cu outside the cell ... .(d) 0.1 mole Cu® passed into the solution - - -~
(d) Znto Cu in the cell 116. Consider the reaction,
107. Which of the following can be used as an electrode? Cly(g) + 2Br (ag.) — 2C1(aq.) + Bry
(a) Aglassrod {b) A wooden ‘stick The emf of the cell, when {Cl7 ] =[Br, 1= [Br" ] = 0.01 M and
(c) Anail (d) Asodastraw ,C]? gas isat 1 atm pressure, will be: (£ ° for the above reaction
108. H' ions are reduced at platinum electrode prior to: is 0.29 volt) .
(a) Zn** (b) Cul* ©) Ag* (@ 1, o (a) 0.54 volt (b) 0.35 volt (¢) 0.24 volt .(d) —-0.29 volt
109. Which of the folloxying statements is wrong? 117, If kow 35; and A° refer to equivalent conductance of a cation, an
(a) F, is the strongest oxidising agent as its reduction potential anion and equivalent conductance of the salt at infinite -
is high - . dilution, then according to Kohlrausch’s law:
(b) Li is the weakest reducing agent as its reduction potential (a) A° = }\Z‘ + )\Z (b) A° = }fc _ ;C:’.
iS low P o =] Q o - O L=
(¢c) Liis the strongest reducing agent as its oxidation potential (©) A=A, = A, (&) x = A >
is high - 118. How much silver will be obtained by that quantity of carrent
(d) F~ ion does not show reducing property which displaces 5.6 litre of H,? [PMT (Pb.) 1993]
110. Out of Cu, Ag, Fe and Zn, the metal which can displace ail (a) 54¢ (b) 135g () 20g (d).108g
: others from their salt solution is: 119. The specific conductance of a salt of 0.01 M concentration is
. (a) Ag (by Cu (c) Fe (d) Zn 1.061x 107*. Molar conductance of the same solution will be:
11t . V;’hi? Ithte: el;t;tric cu}:eﬂt ?s passed thr?ugh g ceiltl}:azing ag [PMT (Pb.) 1993]
electrolyte, the positive ions move towards cathode an -4
negative ions towards the anode. If the cathode is pulled out of @ 1'0.6” 107 (0) 1061 () 10.61 . (d) 106.] )
the solution: : ’ 120. What is the number of coulombs required for the conversion
(a) the positive and negative ions will move towards anode - of one mole of MnO; to one mole of Mn 7 ~
(b} the positive ions will start moving towards the anode [MBBS (Orissa) 1993]
- while negative ions will stop moving (a) 5x 96500 (b) 3 x 96500(c) 96500 (d) 9650
{c) the negative ions will continue to move towards anode  121. Which of the following solutions of NaCl will have the highest
‘ while positive ions will stop moving . specific conductance?
{d) the positive and negative jons will start moving 1'and0m{y_' (8) 0.001N (b) 0.1 N (©) 001N (d) 10N
S . o _
112, The oxidation potentials of Zn, Cu, Ag. HQ and N_are 0.76, 122. The equivalent conductance of a ] N solution of an electrolyte
- 0.34, - 0.80, 0 and 0.25 volt respectively. Which of the is nearly:
following reactions will provide maximum voltage? 10 6 . 5 4
) [PET (Kerala) 2007 (a) _3tn?1es 1t,s spect .1c conductance
(a) Zn + Cu?* Cu + Zn?* (b) 10 t_1mes ?ts spec%ﬁc conductance
. 0A 2 {c) 100 times its specific conductance
(®) Zn + ZA;‘; g+Zn . (@) the same as its specific conductance
+ +
(¢) Hy + Cu™” — 20" + Cu 123. Zinc is coated over iron to prevent rusting of iron because:

o) o

(a) itis cheaper than iron (b} E 1z = E(Fc”i?c)

o] o o]

i+
(© E{z d E(Zn“fzm > Efpc“fm

<
n2*/Zny £

(Fe?* I Fe)
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124. Free energy changé {(AG) is related to the emf of the cell (E) 133. An example of a simple fuel cell is:
. : ; ~ {a) lead storage battery (b) H, — O, cell
(a) E =—nF AG (bY AG = —nFE (c) Daniell cell (d) Lechlanche cell
RT R o 134. For the cell reaction,
©aG===FFlg b (@ AG==grlog £ Mg (s)+ 2g " (ag. )= Mg™ (ag.)+ 2A5(s),
. . t v E. is +3.17 V at 298 K. The value of £, AG® and Q at
. t t teatials at 25°C of Li*/Li, cell . cell >
125.. Th; 5 andard+ reduction p;entla s @ o M Ag" and Mg?" concentrations of 0.001 M and 0.02 M
Ba®"/Ba, Na"/ Na and Mg*" / Mg are - 3.05, - 2,73, - 2.71 respectively are: (ISAT 2010)
and — 2.37 volt respectively. Which one of the following is the (a) 3.04 V, —605.8 kJ mol™, 20000
strongest oxidising agent? (b) 3.04V, 611.8 kJ mol™", 20000
5 o+ . 3 . 3 .
(@) Na- (&) Li*. () 3.13V,-604 kJ mol™", 20
(c) Ba™" (d) Mg™ (d) 3.04 V, —611.8 kJ, 20000
126. Three faradays of electricity was passed through an aqueous [Hint: E°=+ 3‘13 Vin=2
solution of iron(Il) bromide. The mass of iron metal (At. mass 0= Mg™]_ 002 = 20000
56) deposited at the cathode is: (EAMCET 1991) {Ag” ]2 {0.0017
(a)A S6¢g ; (b) 84 g {(cy 112g - (d) 168¢ A‘(y = —nFE®
127. . The standard electrode potentials of Zn, Ag-and-Cu-are—0.76, - - - = 2% 96500 317 _
0.80 and 0.34 volt respectively; then: = -6l })%15%
{a) Agcan oxidise Zn and Cu E=E- log,o Q0 v
{b) Ag can reduce Zn?* and Cu?* 317 0'05910g 20000)
(¢) Zn can reduce Ag* and Cu** 304 V] B
o . =+3.04V
(d) Cucan oxidise Zn'and Ag 135. Which of the following statements is correct?
128. The standard emf for the cell reaction, : {a) The temperature coefﬁment of electrolytic conductance is
Zn + Cu™ — Zn?* + Cu e positive
is 1.10 volt at 25°C. The emf for the cell reaction when 0.1 A (b) The ttempe:rature coefficient of electrolytic resistance is
Cu?* and 0.1 M Za** solutions are used at 25°C is: negative
- » A (MLNR 1994) © tl;‘t;;pr:rs;:i:ce of an elc;trolyte decreases with- decreasmg
(@) 1.10 volt (b) 0.110 volt (d) The resistance of electrolytic conductors is independent of
(c) — .10 volt {d) - 0.110 volt femperature
129. ng:szgfcig;ziﬁ%pdésfgéhr:;ﬁfgf efz:g:;giigl 136. Kohlrausch’s law states that at: ‘|CB&E (PMT) 2008]
4 3 e . . o
© The ratio of amounts of cations reduced at cathode will be: (@) mﬁ‘é‘tetd‘h‘t’o;" eacfx 1:):1In;akeshd:ﬁmtebco;ltnbuaon tc%
13 b) 2:1:3 conductance of an electrolyte, whatever be the nature o
Eg 32 E d§ 6:3:2 the other ion of the electrolyte
130. In the electrolysis of an aqueous solution of NaOH, 2.8 litre of ® ;ﬁfeh:tiii:ll:: ﬁ?g;j:ﬁi&éﬁ;‘g@kg gzg;gf tceoriirgggig; t:;
oxygen gas at NTP was liberated at anode. How much of the r:imre of the other ion of the electrolyst,e ?
hydr liberated at cathode?
(3) ; g,elril ti: as was fberated a (b) ;) 6elitre (¢) finite dilution, each ion makes definite contribution to the
1'1 li d 2; 4 Jitr. equivalent conductance of an electrolyte, whatever be the
(c) 11.Mlitre (_ ) 22. 14; 0799 vol nature of the other ion of the electrolyte
131. Two ]qalf—cells have potentials - 0. and 0. g!n voit (d) infinite dilution, each ion makes definite contribution to
resp_ecuvely.v These fwo are coup les)i to make a galvanic cell. equivalent conductance of an electrolyte depending on the
Which of the following will b?‘?'”e' . nature of the other ion of the electrolyte
(a) Electrode of half-cell potential - 0.44 V will act as anode 137. Whi . » I
. . . ich one of the following conditions will increase the
(b) Electrode of half-cell potential ~0.44 V will act as voltage of the cell represented by the equation?
cathode N \ '
- 2+
(¢) Electrode of half-cell potential 0.799 V will act as anode - Cu(s)+ 2Ag (ag.) == Cu™"(aq.) + 2Ag(s) (KCET 2006)
(d) Electrode of half-cell potential — 0.44 V will act as a " E';g i“creas’c in tt*;:’ i{mensfon Ogiu ellecifroie
positive terminal ncrease in the dimension of Ag electrode
. . I+ -
132. When a icad storage battery is charged: {c) Increase in the concentration of Cu”" ion
(a) PbO, dissorves (d) Increase in t.hevconcemmtion of Ag® ion ,
(b the lead electrode becomes coated wuh lead sulphate Mint: Cell voltage will increase, cither by increasing the
(¢) sulphuric acid is regenerated cozicentraﬁon of Cu® jon or by decreasing the concentration of
(d) the amount of acid decreases Ag™. ’ '
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- 138,

. 139,
— . through aqueous solution of AgNO; is:

140.

141.

142.

143,

144.

[Cu?']
Q=7
- [Ag7]
Lesser is the value of Q, greater is the cell voltage.]

charging of storage battery? .
(@) Pb** +2¢-—>Pb
(b) Pb —— Pb** 4+ 2¢7

(c) Pb* + 803 — PbSO,
(d) PbSO, + 2H,0 — 5 PbO, + 4H* + SOL" + 2¢~

(MGIMS 2007)

The amount of silver deposited on passing 2F of electricity

Which -of the following reactions occurs at cathode dﬁring -

- 145,

146.-

) Z>Y>X

" potential of Z>Y > X, then:

-gof silver is:

(MHT-CET 2007) 147.
(a) 54 ¢ (b) 108 g (c) 216g  (d) 324¢
Statements: . ’ ,
(1) Unit of specific conduct1v1ty is ohm ™! em .
(n) Specific conductmty of strong electrolytes decreases on
~dilution. - T B 148,
(iii) The amount of an ion dlscharged durmg electr{)lyms does -
not depend upon resistance.
(iv) The unit of electrochemical equivalence is g/coulomb.
.(a) All are correct '
(b) All are wrong
(c) Only (i), (ii) and (iv) are correct
(d) Only (ii), (i1i) and (iv) are correct
Which among the following expressions is/are not correct?
. - o : : 149.
@ u" =y, AT +y_ AT
) =L ars L
n )
(C‘) }“‘:alion = "L:;ti(m X faraday
(d) Nnion = Meaion X faraday 150.
For the electrochemical cell, M |M*||X " |X,
E .., =044VandE _=033V.From this data we can
deduce that: {IT (Screening) 2000]
(a) M + X — M* + X is the spontaneous reaction B
. 151.

(b) M* + X~ ——> M + X is the spontaneous reaction
(€) Epy =077V

(d) E gy =~0T77V

For thé cell reaction,

Cu*(aq.) + Zn(s) —> Zn** (ag.) + Cu(s)
) )
the change in free energy (AG) at a given temperature is a
function of: (CBSE 1998)

(a) In C,

(©) In (C, +Cy) (d) InC,

The standard reduction potential values of three metalhc
cations X, Y and Z are 0.52, —3.03 and ~1.18 V respectively.
The order of reducing powers of the correspondmg metals is:

(1IT 1998)

'T"ﬁg ‘emf of the cell in which the following reaction, =~

" G.R.B. PHYSICAL CHEMISTRY FOR COMPETITIONS

b X>Y>Z

(A Z>X>Y

A gas ‘X at 1 atm is bubbled througli a solution containing a
mixture of 1 M Y™ and 1 M Z~ at 25°C. If the reduction
(T 1999)

@Y>Z>X

(a) Y will oxidise X and not Z
(b) ¥ will oxidise Z and not X
(c) Y will oxidise both Zand X'~

- (d) Y will reduce both X and Z

The number of coulombs required for the deposmon 0f 107.87
[PMT (MP) 1998]

(a) 48250  (b) 10000 () 96500  (d) 19300

At 25°C, the standard emf.of a cell having reaction involving

two electrons change is found to be 0.295 V. The equilibrium
constant of the reaction is: (1IT 1999)

(a) 29.5x 107
() 1x 10'°

() 10
(d) 29.5% 10"

Zn(s)+ NiZ* (0.1 M) — Zn?* (1.0 M) + Nils)
oceurs, is found to 0.5105 V at 298 K. The standard emf of the

cell is: ‘ . (11T 1998)
(a) 0.4810V (b) 05696V -
() 05105V () 0.5400 V
0 059 1
. [Hiﬂt’ Ece(! - Ecell k)g —']

2

- The molar conductances of NaC] HCI and CH;,COONa at

infinite dilution are'126.45, 426.16 and 91 ohm™" cm? mol™!
respectively. The molar conductance of CH;COOH at infinite
dilution is: |CBSE 1997; DCE 2009]
(a) 201.28 ohm™ cm mor1 (b) 390.71 ohm™ cm? mol™

" (©) 698.28 ohm™ cm? mol™! (d) 540.48 ohm™ cm? mol™

The specific conductance of a 0.1 N KCI solution at 23°C is
0.0112 ohm™ cm'l.;Th'e resistance of the cell containing the
solution at the same temperature was found to be 55 chm. The

cell constant will be: - - {CBSE 1999)
(a) 0.142 cm_ (b) 0.918 cm_
(©) 1.12em™! (d) 0.616 cm™!

Which of the following plots represents correctly variation of
equivalent conductance (A) with dilation for a strong
electrolyte? )

A
" Dilytion Dilution
@ o)
A
Dilution Dilution
() {d -
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while the eq)ulvalent conductance of its 0.01 M solution is
196 s cm” The equlvalent conductance of the
electrolyte at mﬁnlte dilution (ins cm? eq ) will be:

[1AS (Pre.) 1998]
(a) 250
(c) 392

(b) 196
(d) 384

(8) 2Cr™ +7H0 — C0% +14H*

The standard reduction potential 160. What is the amount of chlorine evolved when 2 ampere of
Cu®* /Cu” are 0337 V and 0.153 V respectively. The current is passed for 30 minutes in an aqueous solution of
standard electrode potential of Cu” / Cu half cell is: NaCl? (BHU 1998; AIIMS 1999)
[AMU (PMT) 2009; CBSE (PMT) 2009 (a) 66 g (b) 1.32¢
(a) 0184V (b) 0.827V {c) 33 g (d) 9¢
(€) 0.521 Vv (d) 0.490V 161. When 9.65 coulomb of electricity is passed through a s?lutmn
153. Solubility of a sparingly soluble salt S , specific conductance x of silver nitrate (Atomic mass of Ag=108gmol™), the
and the equivalent conductance A, are related as: amount of silver deposited is: (KCET 2000)
[IAS (Pre.) 1997] (a) 16.2mg » (b) 21.2mg
1060 - {c) 10.8 mg (d) 6.4mg
(@) §=——~Aq (b) S =KA, 162. The quantity of electricity needed to deposit 127.08 g of
V K 1000k ~ copperis: [CET (Pb.) 2000; PET (MP) 2004]
(©) §=— d) §=—rnr (a)_1 faraday (b) 4 coulomb :
Lo o o (c) 4 faraday (d) 1 ampere
154. 2Ag (ag.) + Cu(s)¥== Cu™" (agq.) + 2Ag(s) 163. The charge required to deposit 9 g of Al from AI** solution is
(Eca =+ 0:46 V) (At wt. of Al = 27.0): IMEE (Kerala) 2000]
Which change will increase potential the most‘? : (@ 3216 3 (b) 96500 C (c) 9650C  (d) 32163 C
~ (2) Doubling the[Ag"} " . 164.. The.émf of the cell NilNi2* (1.0 M) Il Au> (10-M)l Au-isES — -
(b) Halving the [Cu®*] ~ forNi>* |Ni = - 0.25V; E° for Au™* |Au = 1.5 V):
- - : [CET (Pb.)2000; PMT (MP) .
() potin e 013V @ Ay OB 9 15
155. Asa lead storage battery is charged: [ PMT (MP) 1993, 2000] 165. . 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
@) lead dioxide dissolves standard Gibbs energy, AG® will be :
(b) sulphuric acid is regenerated (F = 96500 C mol™") ( AIPMT 201 0)
(c) lead electrode becomes coated with lead sulphate . (a) -89KJ (b) —89 ]
(d) the concentratl.on of suIPhunc acid decreases : (©) —44.5Kk] (@) -98KJ
156. Inthe electrochemical reaction, 166. In electrolysis of NaCl when Pt electrode is taken then H, is
2Fe’* +Zn — Zn*" + 2Fe’™* liberated at cathode while with Hg cathode it forms sodium
increasing the concentration of Fe**:  [CEE (Kerala) 2000 . amalgam: [CBSE (PMT) 2002]
(a) increases the cell emf (a) Hg is more inert than Pt
(b) increases the current flow (b) more voltage is required to reduce H" at Hg than at Pt
{(c) decreases the cell emf (c) Na is dissolved in Hg while it does not dissolve in Pt
{(d) alters the pH of the solution (d) concentration of H* jons is larger when Pt electrode is taken
157. In the cell reaction, 167. Zn gives H, gas ‘with }12804 and HCI but not with HNO,
' Cu(s) + 2Ag*(agq.) — Cu**(ag.) + 2Ag(s). because: o [CBSE (PMT) 2002]
o a) Zn acts as oxidising agent when reacts with HNG
Ecell = 0.46 V. By doubling the concentration of Cu®*, Eq Eb)) HNO; is weaker acgi d %ha n H,S0, and HCI }
is: doubl [MEE (Kerala) 2000' (c) in electrochemical series, Zn is above hydrogen ) &
gg)) hZil\?ezd (d) NOj3 is reduced in preference tq hydronium ion &
"(¢) increased but less than double - 168. A current is passed through two voltameters connected in
(d) decreased by a small fraction series. The first voltamgter containg XSO, (aq.)-whlle the
158. The conductivity of 0.01 mol/dm aqueous acetic acid at 300 ~.second voltameter contains Y380, (ag.). The relative atomic
_ K is 19.5%10°° ohm™ cm™ and the limiting molar masses of X and ¥ are in the ratio 2: 1. The ratio of the mass of
conductivity of acetic acid at the same temperature is 390 X liberated to the mass of Y liberated is:
ohm™ ¢m® mol™. The degree of dissociation of acetic acidis: ?3 12 11 ?3 :1;)2e of these
" 2: n
" (@) 05 (b) 0.05. : © 5x 107 [1(12)8 g";g}”s‘ 169, Which of the following reactions is possible at anode?
159. The ionization constant of a weak electrolyte is 25x 107 6 (AIEEE 2002)’

(b) B, — 2F~
(©) 50, +2H* — H,0
(d) None of the above
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-170.

171.

- —unit of constant of proportionality is:

172.

" Reaction quotient J'= [

173.

- 174,

"G.R.B. PHysicAL CHEMISTRY FOR COMPETITIONS

' Wﬁen the sample of coppervwith zine impurity is to be purified

by electrolysis, the appropriate electrodes are:
: _« (AIEEE 2002)

Cathode Anode
{a) Pure zinc Pure copper
(b) Impure sample Pure copper

(c)" Impure zinc Impure sample

{(d) Pure copper Impure sample

Conductivity (Unit Siemen’s ‘S”) is directly proportional to
area of the vessel and the concentration of the solution in it and
is inversely proportional to the length of the vessel, then the

(a) S mmol™

) S 2 m* mol

(b) S m® mol™ -
(d)"S? m® mol® .
Zn(s) + Cu:"*(aq.)ﬁ Cu(s)+ Zn“-(aq )
2+

]

247

u]
“mewithO4 = 1.10volt. £_; = 1.15%91 volt when:
A

T”
|
|

Ecen

' log Q —»
() [Cu**]/[Zn**]1=0.01 (b) [Zn®"]/[Cu®"]=0.01
C(Zn™]7[Cu* =01 (d) [Zn?*] /[Cu®* =1

In which of the following cells will the emf be independent of

the activity of the chloride ions?

" (a) Zn | ZnCly(aq.) | Pt(Cl,)

(b) Zn |ZnCly(aq.) || KCl(ag.) |AgCl(s), Ag(s)
() Ag, AgCl(s) | KCl(aq.) | Pt(Cl,)
(d) Hg, Hg,Cl,(s) | KCl(aq.) || AgNOs(aq.) | Ag(s)

Standard electrode potential data are useful for understanding

the suitability of an oxidant in a redox titration. Some half-cell
reactions and their standard potentials are given below:

MnOj (aq.) + 8H' (ag.) + 5¢” — Mn**(aq.) + 4H,0());
' E? =151 volt
Cr,OZ'(aq )+ 14H (aq.) + 6¢ —> 20+ (ag)+ 7H20(I)

E° =138 volt
Fe*(ag) + € —Fe(aq.); E° =077 volt
Ch(g)+ 2¢ ——->3Cl“€&q-); : E° =140 volt

- 1dentify the only incorrect statement regarding the quantitative

estimation of aqueous Fe(NO,),: {IT 2002)

(a) MnOj can be used in aqueous HCI

(b) Cr,0% can be used in aqueous HCl
(¢) MnOj can be used in aqueous HZSO,,'
(d) Cr,02" can be used in aqueous H,SO,

178,

176.

The standard reductxon potent1a1 E°, for the half reactlon are:
) Zn — Zn* + 2¢7; CE°=076V

E°=034V

The emf for the cell reaction, Zn(s) + Cu®* — Zn?* + Cu(s)

is: {Bihar CECE (Pre.) 2004]
(a) 042V (b) - 042V
(©)-11V (d) + 1.1V
In a galvanic cell, the electrons flow from:
(a) anode to cathode through the solution
{(b) cathode to anode through the solution
(c) anode to cathode through the external circuit

Cu — Cu** + 2e ;

(KCET 2004)

,,,,,,,,,,,, (AIEEE 2002) -

Variation Eccll With'Q'i§ of the

177,

178.

179.

180.

181.

182.

183.

leen

(d) cathode to anode through the external circuit

The standard emf of a galvanic cell involving cell reaction
with # = 2 is found to be 0.295 V at 25°C. The cqulllbnum
constant of the reaction would be:

_F =96500 Cmol'; R =8314 JK™* mol™

[CBSE (PMT) 2004; ATEEE 2004]'”

(a) 2x 10"

(c) 1x10?

The emf of the cell,
Zn | Zn?* (0.01 M) Il Fe?* (0. 001 M)|Fe

at 298 K is 0.2905 V then the value of equilibrium constant for

the cell reaction is: [IIT (S) 2004]
(a) 3%/00295

(b) 4 x 107
() 1x 100

(b) 1 P32/0.0295
(d) 100.32/ 0.0591
The standard emf of the following electrodes are;

Lo] . Ll
B e =+ 07TV Eg o) =— 014V

(c) 100.26! 0.0295

under standard cohditions, the potential for the reaction,

Sn(s) + 2Fe** (ag.) —> 2Fe’* (ag.) + Sn?*(aq.) is:

' (AIEEE 2004)
(a) 1.68V  (b) 140V () 091V (d) 063V
The highest electrical conductmty of the following aqueous
solutions is of* (AIEEE 2065)
(a) 0.1 M acetic acid * (b) 0.1 M chloroacetic acid
(c) 0.1 M fluoroacetic acid  (d) 0.1 M difluoroacetic acid
Aluminium oxide may be electrolysed at 1000°C to furnish
aluminium metal (Atomic mass = 27 amu; 1 faraday = 96500
coulomb). The cathode reaction is:

AP 436 — Al

" To prepare 5.12 kg of aluminium metal by this method we

would require: {AIEEE 2005) -
(a) 5.49 x 107 C of electricity (b) 1.83 x 10 C of electricity
(€) 5.49 x 10* C of electricity (d) 5.49 x 10'° C of electricity
During the process of electrolytic refining of copper, some
metals present as impurity settle as ‘anode mud’. These are:

' (AIEEE 2005)
(a)Sn and Ag {b) Pb and Zn
{c) Agand Au (d) Fe and Ni
When an acid cell is charged, then:
(a) voltage of the cell increases
(b) electrolyte of the cell dilutes

(AFMC 2005)
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185.

~salt bridge and if:

(b silver electrode acts as anode, then
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(c) resistance of the cell increases

(d) none of the above

How 'many coulombs of electricity are required for the reduc-
tion of 1 mole of MnO; to Mn**? [PMT (Kerala) 2005]
() 96500 C 5)1.93%x10° C

(©)4.83x10° C (d) 9.65% 10° C
(€)5.62x10° C '

The standard electrode potentxal of Ag*/Agis+ 0.80Weand of

Cu®*/Cu s + 0.34 V. These electrodes are connected through a
! [PET‘ (Kerala) 2005]

(a) copper electrode acts as cathode, then E, is + 0.46 volt '

i '”(c) copper electrode acts as anode, then E;n is + 0.46 volt

(d) silver electrode acts as cathode, then E:eil is — 0.34 volt

~~{e)silver-electrode acts as anode; then Eoyp s+ 1 14 volt--

186.

187.

The half- cell reaction for the corrosion,
2H" + 5 02+2e — H,0; E° =123V

 Fe?* +2¢” — > Fe(s); E°=-044V
Find the AG ° (in kJ) for the Voverall reaction:- [IIT (S) 2005]
(@-76k1  (b)-322k] (©)-161kJ (d)-152kJ
[Hint: Fe(s) — Fe™* .+ 2¢7; AG|

HY +2¢ +10, —H,00);  AG;

Fe(s) + 2H" + 3 0, —> Fe*" + H,0; AG; -

Applying AG] + AG; = AGy
| AGS = (-2F x 0.44) + (—2F x1.23)
= (-2 X 96500 X 04) + (-2 X 96500 x 1.23)

=-322310]=-322kJ]

What is the cell reaction occurring in Daniell cell (galvamc .
.cell)?

' (8). Cu(s) + ZnSO,(aq.) —> CuSO,(ag.) + Zn(s)

[CET (J&K) 2006]

- (b Zn(s) + CuSO,(ag. ) — Cu(s) + ZrlSO4(aq)

188.

189.

(c) Ni(s) + ZnSO,(ag.) — NiSO,(aq.) + Zn(s)
(d) 2Na(s) + €dS0,(ag.) — Na,S0,(aq.) + Cd(s)
What are the units of equivalent conductivity of a solution?
' ’ [CET (J&K) 2006]

(2) mho em” _ (b) ohmem™ g equiv™!
(c) mho cm™ g equiv (d) mho em? gequiv™?
The amount of copper deposited by one faraday current will be
maximum in an acidic solution of one litre of:

[PMT (Kerala) 2006]
(b) 2 M Cu(NO,),
(d) 5M Cu4(PO,),

1
-1

(a) 1M Cu,Cl,
(c) 5M CuSO,
(e) 10 M CuF,
[Hint: Greater is the equivalent mass, more is the amount
deposited by 1 F charge.]

Eoyis—034volt

190. The reriuction potential values of M, N and O are +246V,

191,

192,

193,

194.

195.

196.

- 113V, ~3.13V respectively. Which of the following
orders is correct regarding their reducing property?

[HEE (Orissa) 2006}
(a)O>N>M’»{_ by O>M>N
{OM>N>0 (d)M>O>N

The molar conductivities of Ajyps. and Ay at mﬁmte
dilution in water at 25°C are 91 and 426.2 § cm’ mol ™'
respectively. To calculate, Ay, the additional value

required 18! (AIEEE 2606)
@ Ao (b), Akay
(©) ANaOH (@) Anaci

C [Hint:  Ayose = Aysoac + A =~ Aaal

" The equivalent conductances at mﬁmte drlunon of HC 1 and
* NaCl are 426.15 and 126.15 mho cm geq

! respectively. It

can be said that the mobility of: [CET (Gujarat) 2006]

" (a) Hi;?ons is much more than that of Cl™ ions
~(b)- €1” fons is much mere than that of H-ions - - -

(¢) H” ions is much more than that of Na* ions

(d) Na” ions is much more than that of H" ions

The tendencies of the electrodes made up of Cu, Zn and Agto
release electrons when dipped in their respective salt solutions
decrease in the order: (VITEEE 2006)
(a) Zn > Ag>Cu () Cu>Zn>Ag

(©) Zn > Cu > Ag (&Y Ag>Cu>7Zn

The electrode reaction that takes place at the anode of
CH, — O, fuel cell is: (VITEEE 2006)

(a) 20, + 8H" + 8¢~ —— 4H,0

(v) CH, + 2H,0—> CO, + 8H" + 8¢~
(¢) CH, + 20, — CO, + 2H,0
(d) 2H* + 2¢” ——> H,
The cell,
Zn(s)1 Zn** (1 M1I1Cu™ (1 M) Cu(s) (Egy = +1.10V)
was allowed to be completely discharged at 298K.. The relative

2+
concentration of Zn** to Cu®* [En_%_] is
[Cu™] (AIEEE 2007) -
(a) 9.65 x 10* (b) antilog (24.08)
- (©)37.3 @107
. V , 0059  [Zn®*]
[Hint: E=E° - 5 log [Cu?*]
2+
0=110- 205 [Zn2 ]
. ) [Cut]
24 P
log 20 1 _373
Cu ]
[Zn 37 3]
[Cu 2*} :
The efficiency of a cell is given by |CBSE (Med.) 2007]
AG o
a) — By 22
(a) ﬁ S ( )
AH -

(©) A‘—G v (d)
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197,

198,

=125 cm_l):

G,R.B. PHysiCAL CHEMISTRY FOR COMPETITIONS

An electric current of 1 amp is passed through acidulated
water for 160 minutes and 50 seconds. What is the volume-of
the hydrogen liberated at the anode (as reduced to NTP)? -
(SCRA 2007)
(a) .12 litre  (b) 2.24 litre (c) 11.2 litre  (d) 22.4 litre
[Hinez V= 1+V,
96500
_1x9650x11.2
96500
The resistance of N/10 solution is found to be 2.5 x 10> ohm.
The equivalent conductance of the solution is (cell constant
[PMT (Kerala) 2097]

(b)5 ohm™ cm?® equiv!

=1.12 litre]

(a)2.5 ohm™' ¢cm? equiv_l

205. Electrolysis of dilute aqueous NaCl solution was carried out

by passing 10 milli ampere current. The time required to
liberate 0.01 mole of H, gas at the cathode is: (I faraday =
96500 C mol™ ) (IIT 2008)
(a) 9.65 x 10* sec (6)19.3 x 10* sec
(c) 28.95x% 10 sec (d) 38.6 x 10* sec
[Hint: Mass of 0.01 mol H, =0.02 g
_ IE
. 96500
R 0.0z 2 10}107% x £ x1
* 96500
1£=19.3x10% sec]

199.

200,

201,

202,

203.

g

204.

(©)25 ohm™ cm™ equiv! (d)5 ohm™ cm™ equiv_1
(€)1.25 ohm™ cm? equiv™

For strong electrolytes the plot of molar conductance versus

JCis: (VITEEE 2007)

(@) parabolic ™~ TT(B) lingar

(c) sinusoidal ‘ (d) circular

How long (in hours) must a current of S ampere be maintained

to electroplate 60 g of calcium from molten CaCl,?
(VITEEE 2007)

(a) 27 hours  (b) 8.3 hours (c) 11 hours (d) 16 hours

Emf of hydrogen electrode in term of pH is (at 1 atm pressure):

(MHT-CET 2007)
RT RT 1
a)Ey. =— x pH b) By = —
(&) By, == X ®) B, ==

. 2303RT
(¢) Ey, = 7 pH

The rusting of iron is catalysed by which of the following?
(MGIMS 2007)
(a)Fe (b) O, (¢)Zn (HH
On the basis of E° values, the strongest oxidising agent is :
[Fe(CN),]*™ —— [Fe(CN) I~ + e E°=-035V
Fe”* — Fe’ + ¢ . E°=-077V
[CBSE (PMT) 2008]
(b) [Fe(CN), >~
MMWW‘ (d) Fe**
GivenE° s =~ 072V, E° ptjp, =~ 042V

The potent1al for the cell, cr|cr3+ (0.1M ) || Fe2* (0.01M )| Fe

is: (AIEEE 2008)
(a)-0. 26 V (b)026V  (¢)0339V (d)-0339V

Mint: E, =—-042-(-0.72)=+ 030V
2Cr(s) + 3Fe? (0.01M) = 2Cr** (0.1M) + 3Fe(s)
I (50 GO (L2 ) G
[Fe** 1> [0.01]?
According to Nernst equation,

(d) Ey, =~ 0.0591 pH

(a) Fe**

0.059;
E=FE° - —/logloQ
—030—&6591@0 ¢ n=6)

=0.261V]

206.” The emf of a cell containing sodium/copper electrodes is

3.05V, if the electrode potential of copper electrode is
+ 0.34 V, the electrode potential of sodium is:

. [Comed (Karnataka) 2008|
(@—-271V . (b)+271V (c)-371V (d)+371V -

207. " What 1s the number of moles of oxygen gas evolved by

electrolysis of 180 g of water?
(a) 2.5 (b) 5.0 (c) 7.5

(SCRA 2009)
(d) 10.0

208. The Gibbs energy for the decomposition of Al,0; at 500°C is

as follows
-—M O3 — — Al+02, AG= + 966 kJ mol™

The potent1al d1fference needed for the electrolytic reduction
of Al, 0O, at 500°C is at least : (AIEEE 2010)

(a) 25V (b) 5.0V (d) 3.0V
[Hint: In the given reaction,

2l A 1 4e—>%Al (n=4)

(c) 45V

'AG = —nFE
£ _AG _ 966x1000
nF  4x96500

=-25V]

Set-2: The questions given below may have more
thén one correct answers

What is the difference between galvanic cell and electrolytic
cell?

(a) In galvanic cell electr1cal energy is produced while in
electrolytic cell clectrical energy is consumed

(b) In galvanic cell, anode is (—)ve while in electrolytic cell
anode is (+)ve

(c) In galvanic cell, cathode is (+)ve while in electrolyt1c cell
anode is (—)ve

{d) All are correct

AglAg®, KIIl Agll Agemfis E, then K, of Aglis given as:

nF SE° ’
a) K =—1logE° (b) I nK_=nF - E° |
® Ko = 30rr 85 O M Ee=n lST l
nF nFE°
) mK, d log K, =——
© T E° (@) log Ky, 2.303RT

A hydrogen electrode is placed in a buffer solution of acetic
acid and sodium acetate in the ratio y:x and x:y has



ELECTROCHEMISTRY

electrode potential values E; and E2 volts respect1vely pK
" value for acetic acid is:

E +E, - _ E2 E

—_ b

(a) 0.118 ® 0 118
—(E +E) E -E)

c — e

© 0.118 « ) 0 118

(E, and .Ezv are oxidation potentials)

4. For which electrolyte ot = }}:—” doesn’t hold good?
(a) CH;OH . (b) HCI1O,
(¢) HCOOH (d) NaNH,

5. -The main factors which affect corrosion are!
(a) position of metal in electrochemical series
(b) presence of CO, in water
(¢) presence of impurities in metal

12.

13.

(b) If same quantity of electricity flows through the scwtions
of 0.1 M AgNO; and 0.1 M CuSO, solutions, same weight
of silver and copper will be deposited

(¢) Electrochemical equivalent has the units of grams per
coulomb

(d) Passage of one faraday of electricity produces one gre-a -
equivalent of the substance at the electrode

- Which of the following statements is/are not correct?

(a) Zn-Cu cell is called Daniell cell

(b) Rustis Fe,05

(c) Saline water slows down rusting

(d) Pure metals undergo corrosion faster than impure metals

In electrolysis of very dilute NaOH solution using platinum

electrodes: _

(a) H, is evolved at cathode

(b) H, is produced at anode

.(d) presence of protective coating

(c) Nais obtained at cathode

3

3

6. Which is correct about silver plating?
(a) Anode—pure Ag
_(b) Cathode—object to be electroplated
(c) Electrolyte—Na[Ag(CN),]

_(d) Electrolyte—AgNO,
7. Lead storage battery contains:
(a) Pbrod as anode
(b) Pb rod as cathode
(c) Pb plates coated with PbO, act as cathode
(d) electrolyte is H,SO,
8. During the electroly51s of AgNO, (using Pt electrodes)
concentration around cathode as well as anode falls from 4M
to 3M. What will happen if th1s happened with Ag electrodes?
() Result will remain same
(b) Concentration around cathode will: fall from 4M to 3M
but around anode will increase from 4M to SM

“(v) Reverse of statement (b)

(d) Concentration increases from 4M to SM on both the
electrodes

- 9. Emf of the cell Pt-H, (1 atm) | H+(aq ) IIAgCl|Ag is 027V
and 0.26 V at 25°C and 35°C..Heat of reaction occurring -

. inside the cell at 25°C is:
(a) —54.8KkJ ‘ (b) 26.05 k)
(¢) —26.05KkJ (d) +54.8K)
10. Given that, :
Ni**/Ni =025V, Cu*/Cu=034V,
Ag"/Ag=080V and Zn?*/Zn =-0.76 V

which of the following reactions under standard condition will
not take place in the specified direction?

(2) Ni**(ag.) + Cu(s) — Ni(s) + Cu**(aq.)
_(b) Cu(s) + 2Ag.+(aq.) —— Cu**(aq.) + 2Ag(s)
(¢) Cu(s) + 2H"(aq.) — Cu**(aq.) + Hy(g) .
" (@ Zn(s) + 2H'(ag) —> Zn>*(ag) + 3Hy(g)

11,-» Which of the following statements is/are correct?
(a) One faraday is the charge carried by one mole of electrons

14.

15.

16.

17.

18.

(d) O, is produced at anode
We observe blue colour if:

(a) Cuelectrode is placed in the AgNO; solution

(b) Cu electrode is placed in the ZnSO, solution
- (¢) Cuelectrode is placed in the dil. HNO,

(d) Cu electrode is placed in dil. HZSO4

In which of the following cell (s); By = Eoey;?

(a) Cu(s)| CuZ*(0.01 M)!l Ag*(0.1 M) 1 Ag(s)
(b) Pt(H,) | pH=11l Zn?*(0.01 M) | Zn(s)
() Pt(H,) | pH=11! Zn2+-(l M) Zn(s)
(d) Pt(H,) | H" = 0.01 M I Zn**(0.01 M) | Zn(s)
- Rusting on-the surface of iron involves:
(a) Fe(s) — Fe?*(aq.) + 2¢ (at anodic site)
(b) Oy(g) + 4H'(ag.) + 4e” —> 2H20(1) (at cathodic siis®
(c) 4Fe™*(aq.) + 0,(g) + 4H,0(]) — 2Fe,0,(s) + 8H*

(d) Fe,04(s) + xH,0(]) — Fe,05-xH,0
Fuel cell involves following reaction(s):
' (@) 0,(g) + 2H,0(]) + 46~ —> 401 (agq.) (at cathode)
(b) O,(g) +2H,0(]) + 4¢” —— 40H (agq.) (at anode)
(c) 2H,(g) + 40H (aq.) —> 4H,0(}) +de (at anode)
(d) 2H,(g) + 40H (aq.) —> 4H20(l)< +4e (at cathode)
In the following question, more than one of the answers given

may be correct. Select the correct answers and mark it
according to the code:

cell

Codes': [BHU (Mains) 2008]
(@12 > and'3 are correct (b) 1 and 2 are correct
(c) 2 and 4 are correct (d) 1 and 3 are correct

Hint : Ina cell Zn(s) | Zn>* || H* |H,(Pt); the addition of H,SO,
to the cathode compartment, will:

1. decrease E

2. increase E

3. shift equilibrium to left

4. shift equilibrium to right]
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19. For the reduction of NOj in an aqueous solution, E° is 0.96 V.

The

“"*Values 6f E° for some metal ions are given below :

Vo +26 ——V E°=-119V
Fefog +3¢” —Fe E°=-004V
Au(aq) +3¢” — Au E°=+140V
Hg(aq) +2¢ —— Hg =+0.86 v

G.R.B. PHYsICAL CHEMISTRY FOR COMPETITIONS

The pair(s) of metal that 1s(are) oxidised by NOj in aqueous

solution is(are) : - (IIT 2009)
(a) Vand Hg (b) Hg and Fe

(c) Feand Au (d) Feand V

[Hint : E° M /M for V, Fe and Hg are lower than that of NOj, so,

NO;3 will oxidise V, Fe and Hg. ]

Assertwn-Reason TYPE QUESTIONS

quést_fons 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 of (A).

10.

11,

(A)Molar conductivity of a weak electrolyte at infinite
dilution cannot be determined experimentally.

(R) Kohlrausch’s law helps to find the molar conductivity of a
weak electrolyte at infinite dilution.

(A) One coulomb of electric charge deposits weight equal to
the electrochemical equivalent of the substance.

(b} Tt both (A) and (K) are correct, but (R) 18 not the correct

(R) One faraday deposits one mole of the substance.

¥

R

eXplamation of (A).
(c) If(A) is correct, but (R) is incorrect.
(d) If (A)is incorrect, but (R) is correct.

. (A)When acidified zinc sulphate solution is electrolysed

between zinc electrodes, it is zinc that is deposited at the
- cathode and-hydrogen evolution does not take place. -

(R) The electrode potential of zinc is more negative than
hydrogen as the over voltage for the hydrogen evolution
on zinc is quite large.

(A)In electrolysis, the quantity of electricity needed for
depositing 1 mole of silver is different from that requlred
for 1 mole of copper.

(R) The molecular weights of sﬂver and copper are different.

N (ALIMS 1996)

(A) Equlvalent conductance of all ¢lectrolytes decreases with
increasing concentration..

(R) Lesser number of ions are aVailable per gram equivalent at
higher concentration. Ly (AIIMS 1999)

(A) Zinc displaces copper from copper sulphate solution.

(R) The E° is Zn of — 0.76 volt and that of copper is +0.34

~ volt. ' (AIIMS 1999)

(A) An electrochemical cell can be set-up only if the redox

" reaction is.spontaneous.

(R) A reaction is spontaneous if free energy change is negative.

(A) If an aqueous solution of NaCl is electrolysed, the product
obtained at the cathode is H, gas and not Na.

(R) Gases are liberated faster than the metals.

(A) Specific conductance decreasgs with dilution whereas
equivalent conductance increases.”

(R) On dilution, number of ions per cc decreases but total
number of ions increases considerably.

" (A) The cell constant of a cell depends u/pon the nature of the

material of the electrodes.
(R) The observed conductance of a solution: depends upon the
- nature of the material of the electrodes.

. {A)The ratio of speciﬁc conductivity to the observed

conductance does not depend upon the concentration of
the solution taken in the conductivity cell.

(R) Specific conductivity decreases with dilution whereas
observed conductance increases with diltien.

12.

13,

14.

15.

16.

17.

18.

19.

20.

(A)It standard reduction potential for the reaction,
Agt +e —— Ag is 0.80 volt, then for the reaction,
2Ag" + 2¢” —— 2Ag, it will be 1.60 volt.

(R) If concentration of Ag™ ions is doubled, the electrode
potential is also doubled.

(A) Gold chloride (AuCl;) solution cannot be stored in a

vessel made of copper, iron, nickel, chromium, zinc or tin.

(R) Gold is very precious metal.

(A)In the Daniell cell, if coricentrations of Cu 2 and Zn?*
ions are doubled, the emf of the cell will be doubled.

(R) If the concentration of ions in contact with the metals is
doubled, the electrode potential is doubled.

(A)H, + O, fuel cell gives a constant voltage throughout its
life.

(R) In this fuel cell, H, reacts with OH ™ ions, yet the overall
‘concentration of OH ™ ions does not change.

(A) Presence of CO, in the air accelerates corrosion.

(R) CO, is a poisonous gas.

(A) For the Daniell cell, Zn | Zn?* Il Cu®* | Cu with Eyy = 1.1
volt, the application of opposite potential greater than 1.1 V
results into flow of electrons from cdthode to anode.

(R) Zn is deposited at anode and Cu is dissolved at cathode.

' _ (ATIMS 2006)

(A) A current of 96.5 ampere is passed into aqueous AgNO,
solution for 100 second. The weight of silver deposited is
10.8 g. (Atomic weight of Ag = 108)

(R) The mass of a substance deposited during the electrolysis
of an electrolyte is inversely proportional to the quantity
of electrl01ty passing through the electrolyte.

|[EAMCET (Engg.) 2006|

(A) Accordmg to Kohlrausch’s law, the molar conductance of
a strong electrolyte at infinite dilution is sum of molar
conductivities of its ions. -

(R) The current carried by cation and anion is always equal.

(AIIMS 2007)

- (A) The cell potential of mercury cell is1.35V, whlch remains

constant.
(R).In mercury cell, the electrolyte is a paste of KCH and
Zn0. (AITMS 2008) .
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e Set-1 f . p

1. (d) 2. (b) 3. (a) 4: () 5. (0 6. (d) 7. (b) 8. (2)
9. (c) 10. (c)- 11. (c) 12. (b) 13. (©) 14. () 15. (a) 16. (d)
17. (3 18. (2) 19. (a) 20. (d) 21. (0 22. (b) 23. (b) 24. (d)
25. (a) 26. (d) 27. (c) 28 (c) 29. (b) 30. (d) 31. (a) 32. (d)
33. (a) 34. ©) 35. (b) 36. () 37. (a) 38. (b) 39. (d) 40. (b)
41. (b) 42. (2) 43. (0) 4. (d) 45. () 46. (d) 47. (d) 48. (d)
49. (d) 50. (a) 51. (b) 52. (c) 53. (a) 54. (2) 55. (d) .. 56. (a)
57, (b) 58. (b) 59. (c) 60. (d) 61. (d) 62. (b) 63. (a) - 64. (b)
65. (c) 66. (b) 67. (d) . 68. (b) 69. (c) 70. (c) 1. (c) 72, (d)
13 (a) 4. (a) 75.(a) 76. (d) 77.(b) 78. (<) 79.(b) 80. (0
81. (@ 82, () 83. (b) 84. (@) 85. (©) 86. (d) 87. (b) 83. (2)
89. (a) - 90. (b) 91. (d) " 92. () 93. (b) 94, (o) 95. (d) 96. ()
97. (c) 98, (d) 99. (d) 100. (a) 101. (b) 102. (a) 103. () 104. (b)
105. () 106. (b) 107. (c) 108. (a) 109. (b) 110. (d) 111. (d) 112. (b)
113. (c) 114. (0) 115. (d) 116. (b) 117. (2) 118. (a) 119. (o) 120. (a)
121. (d) 122, (a) 123. () " 124, (b) 125. (d) 126. ) ~ 127. (o) 128. (a)
129. (d) 130. (b) 131. () 132. (o). 133. (b) 134. (d) 135. (d) 136. (a)
137. (d) 138. (a) 139. (c) 140. () 141. (d) 142. (b) 143. (b) 144. (a)
145. (a) 146. (c) 147. (c) 148. (d) 149. (b) 150. (d) 151. (b) 152. (c)
153. (d) 154, (a) 155. (b) 156. (c) 157. (d) 158. (b) 159. (o) 160. (b)
161. (c) 162. (c) 163. (b) 164. (b) 165. (b) 166. (b) 167. (d) 168. (2)
169. (a) - 170. (d) 171. (a) 172. (b) - 173. (c) 174. (a) 175. (d) £ 176. (©)
177. (d) 178. (b) 179. (c) 180. (d) 181. (a) 182. (c) 183. @~ 184. (c)
185. (c) 186. (b) 187. (b) 188. (d) 189. () 190. (a) 191. (d) 192. (c)
193. (c) 194. (b) 195. (d) 196. (b) 197. (@) 198. (b) 199. (b) 200. (d)
201, (d) 202. (d) 203. (a) 204. (b) 205. (b) 206. (a) 207. (b) 208. (a)

e Set-2 _ _ - .

1. (d) 2. (d) 3. (3 4. (b) 5. (ab,c,d) 6. (abc) 7. (acd) 8 (b)

9. (a) 10. (a,c) 11. (a,c,d) 12. (b,c;d) 13. (a,d) 14. (a,c) 15. (a, b) 16. (a,b,c,d)
17. (a,c)  18. (c) . 19. (a,b,d) ' o

1. (a) 2. (b) 3. (). 4. (2) " 5. (b) 6. (&) 7. (©) 8. (d)

9. (b) 10. (b) 1. © 12. (d) 13. (b) 14. (d) 15. (a) 16. (c)
17. (b) 18. (c). 19. (c) 20. (b)
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l OBIECTIVE QUESTIons] for &

IIT ASPIRANTS ‘

When aluminium oxide (Al,O) is electrolysed for the

- production of aluminium metal. For a given quantity of

electricity, the number of moles of aluminium obtained if the 7
volume of O, gas obtained is 201.6 litre measured at NTP, is:
()9 (b)6 012 - (D45
[Hint: Number of equivalents of oxygen = %é =36
(Equivalent volume of oxygen = 5.6 litre at NTP)
~. Number of equivalents of Al =
Mass of aluminium =36 x9¢g

o
,zg]

. If four moles of electrons are tranéferréd from anode fo

cathode in an experiment on electrolysis of water, then total
volume of the two gases produced at STP will be:

(a)224L (b)726L (c)672L (d)89.4 L
[Hint: Equivalent volume of H, = 11.2 L . '

Equivalent volume of O, = 5.6L »

Volume of H, and O, evolved by 4 moles electrons or 4 faraday

36x9 °

charge =4 < T2+ 4 X 56=672L]

*

ki

- (c)‘goldhas“hxgherreductlonpotentxalthanlr on T

N Ia £ 1 £ 0} 4 :
INWTIOCT- O MOICs-oIanumnmum -~ =Ta] [}

27

Asmug ¢gler could not carry gold by depositing iron on the gold
surface since:

{a) zold is denser
(b) iron rusts

'd) gold has lower reduction potential than iron

On electrolysis, which of the following does not give out
oxygen?

{a) Acidic water using Pt clectrode

(b) Fused NaOH using Pt electrode

(c) Dilute H,SO, using Pt electrode

(d) Dilute H,S0, using Cu electrode

During electrolysis of a solution of AgNQ,;, 9650 coulomb of
charge pass through the electrolytic cell; the mass of silver
deposited on the cathode will be:

{a)21.6g {(p)108g  {c)108¢g (d)1.08¢g

An electrolytic cell contains a solution of Ag,SO, and has
platinum electrodes. A current is passed until 1.6 g of O, has 9,
been liberated at anode. The amount of silver deposited at
cathode will be:

(@108g  (b)lég  (¢)08g (d)21.60¢g

[Hint:  Number of equivalents of oxygen = }"gﬁ =02

. Number of equivalents of Ag deposited = 0.2
Mass of Ag deposited = 0.2 x 108 % 21.6g]

16,
In the process of electroplating, m g of silver is deposited when o
4 ampere of current flows for 2 minutes. The amount (in g) of
silver deposited by 6 ampere of current flowing for 40 seconds
willbe: - ‘
@dm (b % ) %’" () 3m il.
- W, _ &
Hint: Lzl
W, @
ﬁ Xy
W, I,xt
12.
m 4 x2%x60
W, 6% 40

When—one—far aday—of—dectnmty—m—passe&—thmugh—ﬂmc——' ;

elecfrolytic cells containing Ag*, Ni>* and Cr** ions

respectively, the deposited Ag (At. mass = 108), Nl (At. mass
= 59) and Cr (At. mass = 52) are:

Ag Ni - Cr .
——(a)-—108g— 295¢g. - R R e
{b) 108g 9g 52¢g
(c) 108g 108 g - 173g
(d 108g 295¢g 166 g
108

[Hint: Equivalent mass of Ag = 0= 108

Equivalent mass of Ni = 5—29 =29.5

Equivalent mass-of Cr = 5—; =173

.. Amount of these metals deposited by 1 faraday charge will be:.
108 g Ag, 29.5 g Niand 17.3 g Cr respectively.]

Which of the following reactions occur at the cathode during’
the charging of lead storage battery? -

(@) Pb™ +2¢- — Pb

(b) Pb** + SO}~ — PbSO,

() Pb — P>t + 2¢”

(d) PbSO, + 2H,0 — PbO, + 4H' + SOF™ + 2¢”

A current of 2.6 amp was passed through CuSO 4 solution for 6
minutes and 20 seconds. The amount of copper deposited is:

(a)0.3175g (1)0.003lg (c)635¢g (d)3.175¢
ItE_2.6x380x3L.75

_ 96500 56500 )

In the electrolysis of fused salt, the weight of the substance

deposited on an electrode will not depend on:

(a) temperature of the bath

(b) current intensity

Hint: W = =032g]

" (c) time of electrolysis

(d) electrochemical equivalent of the ions
When an aqueous solution of sodium chloride is electrolysed

using platinum electrodes, the ions discharged .at the
electrodes are:



ELECTROCHEMISTRY | . 855

(a) sodium and hydrogen (b) sodium and chloride
{c) hydrogen and chloride  (d) hydroxyl and chloride

[Hint: Only those electrolytes are used in salt bridge whose
ions have same transference number in agar-agar gel.]

equal

13. How many coulombs are required for the oxidation of 1 mole 20. The increase in the equivalent conductance of a salt solution
of H,0, to 0,7 : on dilution is due to increase in the:
(a) 9.65x 10° C (b) 93000 C (a) attraction between the ions
(©1.93x 10°C @) 19.3x 102 C (b) degree of 10n1zat?on of the salt
) o . o (c) molecular attraction
[Hint: H,0; — 0y + 2H" + 2¢ (d) association of the salt
1 mol H,0, =2 mol & 4 21. When 96500 coulombs of electricity are passed through nickel
_ sulphate solution, the amount of nickel deposited will be: '
=2%96500C @lmol  (b)05mol (c)0.1mol (d)2mol
=193000 C {¢fine: | faraday deposits 1 equivalent of nickel.
- =193% 10° C] 1 equivalent of Ni = 1/2 mole of nickel.]
‘ 3+ - . —
14. A current of 2 amp when passed for 5 hours through a molten - 22- - Al7(ag) +3e” — Alls); E *=-166V
salt deposits 22.2 g of metal of atomic mass 177. The Cu2+(aq.) +2¢ — Culs), E°=+034V
.oxidation state of the metal in the metal saltis: .~ Wi " Suced—ind ard it !
+1 by +2 {c)+3 (d) +4
(2) "nmbmzn%m&maeuens with-these- »standa;dmelcctmde——
ks [Hint: o= AE potentials?
96500 @132V (b)2.00V  (c)230V (d) 434V
Ee W x 965\}0 22.2 % 96500 =595 [#int: The cell will be:
» Ir 2x5x3600 Al(s)1 AI** (ag)) || Cu?*(ag.)| Culs)
Equivalent mass = o ormic IS 2y = B ~ E -
q = Oxidation state et = Ecathode ~ Eancte
595 = 177 =B ey " Epiv a
> =+0.34 - (~1.66) =+ 2.00 V]
o n=3] 33. For which of these oxidation/reduction pairs will the reduction
15. When water is electrolysed, hydrogen and oxygen gases are potential vary with pH?
produced. If 1.008 g of H, is liberated at cathode, what mass L AmO?* /AmO; I AmO3* /Am**  IIL Am**/ Am2+
of O, is formed at the anode? (a) T only (bj 11 only
@32e (b)16¢ W (‘2 8e (d4e (c) I and II only (@) I, [ and II
{Hint: ﬁl =Agl WHigt: 4H" + AmO" + 26— Am*" + 2H,0
, 2o o Itincludes H" ions; hence the electrode potential depends on pH.]
008 _ 1.008 24, 2Ag"(ag.)+ Cu(s) == Cu®*(aq.) + 2Ag(s)
W, 8 The-standard potential £° for this reaction is 0.46 V. Which
W,=8g change will increase the potential the most?
where, £, and E, are equivalent mass of hydrogen and oxygen (a) Doubling the [Ag"]
respectively. ] . (b) Halving the [Cu**]
16. The cell pf)tential (E) and fhe free energy change (AG) (¢) Doubling the size of the Cu(s) electrode
accompanying an electrochemical reaction are related by: (d) Decreasing the size of the Ag electrode by one-half
(@AG=nF log E (b) AG = nFE 35, 10C1~ (aq.)+ 2MnO; (ag.) + 16H (ag.) == 5Cl;(g)
(¢) ~AG = nFE -~ (d)-AG=nF log E S o
: . - + 2Mn“" (ag.) + 8H,0(])
17. The units of conductivity are: .
() siemens~! em™! (b) siemens cm ~The value ofE for this re‘actxon is0.15V. Wh‘?k is the value of
(c) siemens cm™! (d) siemens cm~2 mol ! the equlhbnzlslm constant (Kz) for this reac;mn ) .
18, The calomel electrode used as a reference electrode contains: @) 2. 4 X107 (b)4. 9 x 101 (c) 12100 (d)34 % IAO o
. . 5. N
(a) PbO,-PbSO,, mixture (b HgCl, i K = antilog { nE ] . L
(¢)Hg,Cl, - {d) ZnCl, - , 0.059
19.- KClis used in salt bridge because: T T10%0.15
" (a).it forms a good jelly with agar-agar = antilog { 0.059 ]
{b) itis a strong electrolyte : s
(c) it is a good conductor of electricity : =24 x107]
(d) the transference number of K* and Cl™ ions are almost 46. What takes place when zinc metal is added to an aqueous

solution containing magnesium nitrate and silver nitrate?
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29,

-30.

31.

- 32,

33.

‘Consider a voltaic cell based on these half-cells:

Ag*(ag) + & —> Ag(s); E°=+0.80V

Cd™(ag) +2e > Cd(s); E°=-040V '37. The standard reduction potential of hydrogen is zero because

Identify the anode and give the voltage of this cell under
standard conditions.

(a) Ag; E .y = 040V (b) Ag; E o =2.00V

©)Cd E =120V (d)Cd; E oy = 2.00V

[Hint: Anode has lower standard reduction potential; thus Cd
will be considered as anode.

Eéell = ECathode - -EAnode

-E
EAg Ag ca? rcd

=0.80 - (~ 040)=1.20 V]

If the E_,; for a given reaction has a negative value, which
gives the correct relationships for the values of AG ° and K eq?
(@)AG° >0, K <1 b)AG> 0; Ky > 1
(c)AG°<0K >1 (d)AG°<OK <1

Which of the followmg solutions is used as an antl-rustmg
solution?

(a)Na,S0, (b)NasPO, (c)NayBO, (d)Na,S

The pressure of hydrogen gas is increased from 1 atm to 100
atm. Keeping the H™ (1 M) constant, the valtage of the
hydrogen half-cell at 25°C will be:

(@)0.059V (1) 0359V (©)0.0295V (d)0.118V
Efficiency of the following cell is 84%.

A(s)+ B¥ (ag. )<= A¥*(ag.) + B(s); AH =—285K]
Then the standard electrode potential of the cell will be:
{a)1.20V b)240V  {()110V @124V

AG®  —-nFE®
int:  Effici = =
[Hint iciency N CRINTT
0.84 = — 2% E° x 96500
~285 x 1000

E°=+124V]

G.R.B. PHysicaL CHEMISTRY FOR COMPETITIONS
1. Zn is oxidised ) Mg?* is reduced 34. A chemical reaction will be spontaneous if::
3. Ag” is reduced 4. No reaction takes place @E pent}S p OSItlt‘_'e ¢ ! K (g) g?o 8 nggattl_.ve
(@) 1 and 2 only (b) 1 and 3 only (¢) reaction quotient, @ < K - (d) Egq is negative
35. Match the List-I with List-II o
{c) 1,2 and 3 only {d) 4 only ; K . .
27. 1In the galvanizing process, iron is coated with zinc. The List-I {Electrode) List-I (Type)
resulting chemical protection is most similar to that provided 1. Calomel . (A) Reference
when: 2. Glass ~ ‘ - {B) Redox
- (a) a magnesium bar is connected to an iron pipe 3. Hydrogen . {C) Membrane
" {b) an iron can is plated with tin 4. Qumhydrone "~ (D) Gas
{c) copper pipes are connected using lead suider Codes: A
o oot ooyt I I
. at is the sign of / and the value o or an ‘
electrochemical cell for which E%,, = 0.80 V? (b) 1-B LA 3-D 4-C
AG® K (C) 1-C 2-B 3-A 4D
@ _ -1 {(dy 1-D 2-A . 3-C 4-B
®) + -1 36. The conductivity of -saturated solution of BaSO, is
- © + <1 306 x 107° mho cm™ and its equivalent conductance is 1.53
@ i <1 mho cm? eq ™. The K, for BaSO,, will be:

(@4 x1072 M (by4x 108 M
(©)4x1072 M (D 4ax107 ¢

- (a) it is assumed
(b) hydrogen is casiest to oxidise
(c) hydrogen has single electron
- {d) hydrogen is-electronegative

In the following three questions, three statements I, II and 11 are
given. Mark:

(a) if all the statements are correct
(b) if 11 and II1 are correct
{c) if L.and I are correct

(d)if only I1 is correct : [BHU (Mains) 2007}
38. L Conductance of electrolyte solution increases with
temperature.
II. Resistivity is reciprocal of molar conductivity of
electrolyte.
III. Cell constant has unit cm ™.
() : (b) © C))

39. 1. The conductivity of molten NaCl is due to movement of.
Na* and C1 ~ ions.
1I. Solid NaCl is also conductor of electricity.
III. Moiten sodium is a good conductor because of mobile
electrons,
(@) (b (© @
40. 1. Cathode is —ve terminal both in electrochemical and
electrolytic cells.
II. Reduction occurs at cathode both in galvamc as well as

electrolytic cells.
1II. Chemical charge in electrolytic cell is'non-spontaneous.
(@) (b () (d)



41.

- ELECTROCHEMISTRY : " 857

In an experiment, 0.04 F was péssed through 400 mL of a 1 M

solution of NaCl. What would be the pH of the solution after -

the electrolysis? " [PMT (Kerala) 2007|
(@8 T (b 10 (c) 13 @6

- (®9

cathode and oxygen gas at anode, the electrolyte solution
contains NaOH after electrolysis. )

Number of equivalents of NaOH formed = 0.04

(Hint: Electrolysis of ag. NaCl gives hydi'ogen gas at

Fe
easier to oxidise Fe?* to Fe’* in alkaline medium.]

Mint: EC ,, JFeH* is positive in alkaline solution, therefore, it is

45. Dipping iron article into a'strongly alkaline solution of sodium
- phosphate: (VITEEE 2008)

(a) does not affect the article .

(b) forms Fe,0,-xH,0 on the surface
(c) forms iron phosphate film

(d) forms ferric hydroxide

43.

Select the correct statements about dry cell:
(a) It is also called Leclanche cell

_ (b) It is also called Daniell cell

() Electrolyte used is moist paste of NH,Cl and ZnCl,
(d) Cathodic process is:

2MnO,(s) + 2NH; (ag.) + 2¢~ — Mn,05(s) + 2NH;(g) ‘
- ‘ + H,0()
Given the standard oxidation potentials,

. +04V e ~08V 3+
Fe ——— Fe”" (ag.) ——> Fe’ (agq.)
+09V 06V
Fe ——— Fe(OH), —— Fe(OH),

It is easier to oxidise Fe* to Fe** in:
(a) acid medium

(b} alkaline medium

(¢} neutral mediom

(d) both in acidic and alkaline mediums

CaHyg (2)+ = Oylg) — 4C0,(2)+ SHL0()

Change in oxidation number of carbon =+ 16 — (— 10) =+ 26
. Number of electrons involved in cell process will be 26.
) Eo = -AG® __ (-2746) x 1000
. nF 26 x 96500
=+ 1.09V]

48. Molar conductance A, is plotted agains Jc (mol litre™ ') for

three electrolytes (NaCl, HCl, NH,OH)

T | | (2()1)

@)

Normmali Ne 0.04 1000 _ ol 4“6.' For the redox process, | »
, “ a0 Zn(s)+ Cu®* == Zn% + Cu(s) ESy =+ 1.10V
IOH = 011M which graph correctly represents E; (Y-axis) as a function of
pOH=1 - pH=13] [Zn?*] . :
42. An alloy 6f Pb-Ag weighing 1.08 g was dissolved in dilute log [Cu?] (X-axis)? .
HNO, and the volume made to 100 mL. A silver electrode was , ‘
dipped inthe solution and the emf of the cell set-up @ - B}
Pets)Hy () HFE- M) HAg Cag ) HAgts)y was-0:62 V- By » P— ~— "

- - is 0.80 V, what is the percentage of Ag in the alloy? TV ‘ —
(At25°C,RT/F = 0.06) [PET (Kerala) 2007] T
(@) 25 (b) 2.50 10 @1 N
() 50 _ —1.0 0 +1.0 ~10 5) +1.0
[Hint: Overall cell reactioniys. -~

I o .
Hy(g) + 2A8" == 2Ag(s) + 2H" (ag.) © oy @ :
0.06 x 2.303 [H* ]2 x \ 110V
E=po - 200X 2200 100 UL - A
2 [Ag™ ]° pH,
. - T1o ) 10 1o o 70
0.62 = 0.80 + sz_zﬁ log[Ag" ] ] : * - - e
. : , ;4.’?. A fuel cell involves combustion of the butane at 1 atm and
[Ag*1=0.05M 298K .
Number of moles of Ag* in 100 mL  CHy, (g)+ 1_; 0,(g) —> 4C0,(g) + SH,0(!)
=Ef_=w=0.0@5 . AG® =— 2746 kJ/ mol
~ 1000 1000 whatis E° of acell?
Mass of silver = 0.005 x 108 g (@+4.74V (0)+0.547V (c)+1.09V (d)+437V -
’ . int: Int ti
Percentage of Ag in 1.08 g of alloy = %x—llow = 50%] [Hint: In the reaction ci-s A
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which of the following is correct ?

1 2 3
(a) NaCl ~ HCL  NH,OH
(b . HCI NaCl - NH,0H
0 NH,OH  NaCl HCI '
(@) NH,OH HCI  NaCl

49. In the concentration cell

* Initial concentration of chlorate ion was 0.1 M. The

equilibrium concentration of per chlorate jon will be :
(20.19V (b) 01 M (©)0.024 M (d)0.019M
[Hint : '
ClO3{ag. )+ H,0(l) —> ClO3(ag.) + 2H" (ag.) + 2¢
20" + ClO5{(ag:) + 2¢ — CIO; {ag.) + H,0()

3C10; (ag.) == Cl0;(ag.) + ClO;(ag.)

ES, =033-036=-003V

49. () .. 0. (@

HA (01 M) |[HA (1M)
P o 1) HNaA m)| T p=r -2 1550
(pK, of HA =4) Atequilibium, E=0, n= 2 0=K
Cell potential will be: 0.059
(2)0.03V  (b)0.06V  (c)-0.06V (d)=0.03V 0=-0.03- log K
[Hlint g, 200991, [H"] Cathode logK =1 ‘
) o 1 [H ] Anode X - T : o
- " E.y = 0.06 [pH Anode ~ pH Cathode] ) 10
pH Anode = pK,, + log [HA]= 4 + 1og%'1' =3 | 20103 {ig) == €10} dg) + CI0j ag)
. t, 0.1 ’ 0 0
pH Cathode = 4 (from eq. 1) t:q 0.4 -2 M x
Een =~ 0.06 V] ' gooxxx 1 ,
-50,--Tnthe followmg process-of-disproportionation: -~ === -7“(0;1*:22)2:—-16"“-"--*"-'“-'-~ S s
E° =4+ 036V x=0019 ‘
2C10; ==CIO; + Cloy. oW *=0.019]
Chigﬁte , Per g(l;;orate : ECIO} 1103 = 4 ()33 vV
Le 2@ 0 n@ 4@ 5. (@) 60 . 1.9 8@
9 (@) 10. (@ . 1t. (a) 12. (©) 13. () 14. © 15. () Y16, (©
17. (©) 18. (&) 19. (d) 20. (b) 21. (b) 22. (b) 23. (b) 24. ()
25. (2) "26. (b) 27. (2) 28. (a) 9. @ - 3. @ 3.0 32. (9
33, (d) 34. (a,b,c,d) 35 (a 36. (d) 37. (3 38. ¢ 39, (0 40. (b)
41, () 42. (® 43, (a,c,d) 44, (b) 45. (o) 46. (B 47. © 48 ()
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Integer Answer TYPE QUESTIONS

9. (6) 10. (O®

. . . . M ,6' If an aqueous solution of NaCl is electrolysed using platifum
This section contains 10 questions. The answer to | @ ® @ electrode by a current of 5 amp, then what volume of Cl, gas
_ each of the questions is a single digit integer, ranging |@ Q' @ @ in litres at STP will be produced? '
from 0 to 9. If the correct answers to question numbers % % % % 7. Charge of 6. 24 % 10'® elecirons will be (in coulomb) :
X, Y, Z and W (say) are 6, 0, 9 and 2 respectively, then |& @ @ & " 8. A current of 2 amp-when passed for 5 hour through a molten
the correct darkening of bubbles wxll look like the |{@ ® @ ® © salt deposits 22.2 g of metal of atomic mass 177. The positive
glven figure : %% % % oxidation state of the metal in the metal salt is:
ofoX Xo! 9. Cr(s) | Cr®* || Re*" | Fe(s)
. In above cell, the value of n in the Nernst equation:
L .
:I()(;vlvo :st;i;;?s of water will be electrolysed by 96500 ie. E = Eo- 0059 logQ will be :
2. Number of faradays reqmred to convert 1 mole of Crz() into 10. In the Nernst Equatlon
Cr*t ions s ; 2303RT.
3. At what pH the potential of hydrogen electrode will be E=L7= log, 0
- - uosove 0 will be equal to the equilibrium constant K, ‘when the cell
4. The ratio of[ AMJ for Ca3 (PO,), will be equal to: potential £ is equal to :
5. 1,(s)/ T (0.1 M) half-cell is connected to H' (ag ) /(H, 1 atm)
Pt half-cell and its cell potential is. found to be 0.7714 V.If -
E1 ;- = 0535V, the pH of H' / H, half-cell will be :
1. (9 2.0 3. 4. (6) 53 6 | 7. (1) 8. ()
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-

e Passage 1

In a lead storage battery, Pb (anode) and PbO, (cathode) are
used. Concentrated H,50, is used as electrolyte. The battery holds
3.5 litre acid with it. In the discharge process, the density of acid fell
from 1.294 10 1139 g/mL. The sulphuric acid of density 1.294g mL™
is 39% by mass and that of density 1.139 g/mlL is 20% by mass. .
Answer the following questions: '
1. Equivalent mass of sulphuric acid in lead storage battery is:
(a) 49 , - {b) 98
()24.5 . » (d) none of these
2. Normalities of sulphuric acid before and after discharge are:
(@) 5.15,2.32 (b)2.32,5.15 () 5.15,5.15 (d)2.32,2.32
‘3. The numbér of amperé-hours for which the battery must have

3. On <wlectrolysis of dilute sulphuric acid using platinum
electrodes, the product obfained at the anode will be:

(a) hydrogen - (b) oxygen .
(c) hydrogen sulphide . (d) sulphur oxide
4. How many faradays are required to reduce 1 mol BrO; to
Br™?
(@3 ®5 @ (©6 (d) 4

5. Calculate the volume of gas liberated at the anode at STP
during the electrolysis of a CuSO, solution by a current of 1A
passed for 16 minutes and 5 seconds:

(a) 224 ‘mL (b)56 mL () l12mL (d)448'mL
[Hint: Atanode: 20H" — H,0+ 15 0, +2¢

been used is:

{Oxygen gas is evolved)

¥

" (a) 26504 amp-hrs (b) 2650.4 amp-hrs
{(c) 265.04 amp-hrs (d) 26.504 amp-hrs

4. The amount of charge which the battery must have been used

is:
(a)9.88F (b)8.98F (c)8.89F (d)7.88F

- -&; - Which-of -the-following-takes-place-in- dlscharge -process-at-

anode?

(a) PbO, + 4H' + SO}~ + 2¢” —— PbSO, + 2H,0.
(b) PbSO, + 2H,0 —> PbO, + 4H" + SO;” + 2¢”
(¢) Pb + SO~ ——> PbSO, + 2¢

(d) PbSO, + 2¢” —> Pb + SOf”

. Passage 2

Electrolysis is the process in which electrical energy is converted
to chemical energy. In electrolytic cell, oxidation takes place at
anode and reduction at cathode. Electrode process depends on the
electrode taken for electrolysis. Amount of substance liberated at an
electrode is directly proportional to the amount of charge passed

- through it. The mass of. substance liberated at eléctrode is calculated

using the following relation;
Coe ItE
96500
Here, E represents the equivalent mass and 96500 C is called the
Faraday constant. Faraday (96500C ) is the charge of 1 mole
electron, i.e., 6023 x 10° electrons; it is used to liberate one gram
equivalent of the substance. ' '
Answer the following questions:
1. The platinum electrodes were immersed in a solution of cupric
sulphate (CuSQ, ) and electric current is passed through the
~ solution. After sometime, it was observed that the colour of
copper sulphate -disappeared with evolution of a gas at the
electrode. The coloutless solution contains:
"(a) platinum sulphate (b) copper nitrate
(c) copper sulphate (d) sulphuric acid
2. The passage of current liberates H, at cathode and (I, at
anode. The solution is:
(a) copper chloride in water (b) NaCl in water
{c) mercuric chloride in water(d) AuCl; in'water

Equivalent volume ¥, of okygen =5.6litre

I, 1x965x5.6x%10°
96500 96500

6. The quantity of electricity required to liberate 112 cc hydrogen
at S.T.P from acidified water is:

Vo=

=56 mL]

{Comed (Kamataka) 2008}
‘ (@9%65C 1)96350C () 96500 C f. (d) 4825.C
e Passage 3

The concentration of potassium ions inside a biological cell is at -
least twenty times higher than the ouiside. The resulting potential

- difference across the cell'is important in several processes such as

transmission of nerve impulses and maintaining the ion balance. A
simple model for such a concentration cell involving a metal M is:
M(s)| M (aq. 005 molar) || M™ (ag; 1 molar) | M(s)

For the above electrolytic cell, the magnitude of the cell potential
[Eeen | =70 mV. . ]
Answer the following questions:

1. For the above cell 7
@ E, <GAG>0 MY E . >0 AG< 0
, (©) Ey <G AG> 0 (d) Egq > 6, AGP< 0
2. Ifthe 0.05 molar solution of M is replaced by a 0.0025 molar
M* solution, then the magnitude of the cell potential would,

be:
(a) 35 mV - (by70mV
(c) 140mv (d) 700 mv [II'T 2010]

[Hint: 1 (b) Electrolyte concentration cell will be spontaneous
when the concentration in cathodic half cell is greater than that of
anodic haif cell. Thus, the given cell is spontaneous hence

AG <0, E >0

2. (¢} Ey. =0, for every concentration cell
+
E=0~ 0.059 10g [1‘{ ]anode
n [M ]cathode:

= 005910 2 0.0025]

= +153 mV
It is close to 140 mV.]’
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e Passage 4

The driving force AG /diminishes to zero on the wa.y to
equilibrium, just as in any other spontaneous process. Both AG and

the corresponding cell potential [E =- %] are zero when the
n

redox reaction comes to equilibrium. T he Nernst equatton for the

redox process of the cell may be given as:
Fego_ 0.059 log O
n

The key to the relationship is the standard cell potential E °, derived
from the standard free energy change as:

[ Passagé 5

Conductors allow the passage of electric current through them.
Metallic and electrolytic are the two types of conductors. Current
carriers in metallic and electrolytic conductors are free electrons
and free ions respectively. Specific conductance -or conductivity of
the electrolyte solution is given by the following relation:

/
K=¢cX—
A

where, ¢ =1/ R is the conductancé and 1/ A is the cell constant.
Molar conductance (A,,) and equivalence conductance (A,)of an

electrolyte solution are calculated using the following similar
relations: -

. .
E° =— AG . Am =K X M
nF M
g L 1000
At equilibrium, the Nernst equation is given as: A, =KX -
0.059 . :
= log K ~ wnere, M and N are Ine molarily and normality of the solufion -

n

Answer the following questions:
1. On the basis of information available for the reactlon

gA1+o2 —>§A1203, AG =—827 kJ/mol ofo2 :

the minimum emf required to carry out an electroly51s of

Al,O; is:
(Given: 1 F = 96500 C) -
(a)2.14V b)428V  (c)6.42V (d)8.56 v
[Hint: Al 5 AI* + 3¢
imolAlEix?’ mol e
3 3
=4 mol e
ie, _ n=4
AG =-nFE
—827 %1000 =-4 x 96500 X E
E=214V]
2. The equilibrium constant X ;. will be equal to O, when:
@YE=E° b)RT/nF =1
©E=0 (dE°=1

3. The nature of graph of E,, against log K, is a/an:
(a) straight line (b) parabola
(c) hyperbola (d) elliptical curve

4. The equilibrium constant X . for the reaction: ‘

Cus) + 2Ag" (ag.) == Cu®* (ag.) + 2Ag(s) (B =0.46 V)
will be:
(a) antilog 15.6 (b) antilog 2.5
. (c) antilog 1.5 (d) antilog 12.2
' 5. £ 1or the electrochemical cell,
Zn(s) 1 Zo > (1 M) aq.l Cu* (M) aq.| Cu(s) is 1.10 volt at
25°C. _
The equilibrium conctant for the cell reaction:
Zn(s) + Cu** (ag.) = Cu(s) + Zn*>* (aq.)

will be:
(@)107™ (b) 10

(c)107% (d)10%*

respectively. Molar conductance of strong electrolyte depends on

concentration:
o]
A, = Am - b\/c

where, A;,, = molar conductance at infinite dilution

T T¢=concentration of the solution
b = constant
The degrees of dissociation of weak electrolytes are calculated
as:
A A
o=

m _ e

| Ao A

Answer the following questions:

1. Which of the following decreases on dilution of electrolyte
solution? .
(a) Equivalent conductance . (b) Molar conductance
(c) Specific conductance - (d) Conductance

2. The correct order of equivalent conductances at infinite
dilution of LiCl, NaCl and KCl is: _
(a) LiCl > NaCl > KC1 (b) KC1 > NaCl > LiCl
(c)NaCl > KCl > LiCl - (d) LiCl > KCI > NaCl

3. For which of the following electrolytic solutions A,; and A,
are equal? )

. (a)Ba(Cl, (b)KCl () AL,(SO,); (d) CaCl,

4. The conductance of a solution of an electrolyte is equal to that
of its specific conductance. The cell constant of the
conductivity cell is equal to:

_ (a) resistance (b) faraday
(c) zero ~ (d) unity
5. Which of the following equality holds good for the strong
electrolytes?

@A=Aasc—1
(c)A=A°asc— oo

(b)yA=A°asc—>0
(d)A=A°asc—>4/3

e Passage 6

At infinite dilution, when the dissociation of electrolyte is
complete, each ion makes a definite contribution towards the molar
conductance of electrolyte, irrespective of the nature of the other ion
with which it is associated.



The. molar conductance of an electrolyte at infinite dilution can

' be expressed as the sum of the contributions from its zndzvzdual ions.

A B —— xA”* + yB*
NS (ABy) =X o + 90

where, x and y are the number of cations and anions respectively.

as:
a=ln
A

Answer the following questlons

1. The ionic conductances of AI** and SO2 jons at infinite

_dilution are x and y o_hm cm? mol™ respectively. If

Kohlrausch’s law - is ‘valid, then molar conductance of
aluminium sulphate at infinite dilutien will be:

The degree of ionisation ‘0.’ of weak electrolyte can be calculated

862 o o G.R.B. - PHYSICAL CHEMISTRY FOR COMPETITIONS

EMg2+IM -237V, E. e = -0.74 V.

The correct increasing order of reducing power is:
@ K>Mg>Cr>Hg>Ag(b) Ag>Hg> Cr>Mg>K
() Mg>K >Cr>Hg>Ag(d) Cr>Hg>K>Mg>Ag
2. Which of the following oxides will be thermally most stable?
(a) ZnO. (b) MgO (c) Cu,O (d) Ag,0
3. Which of the following reactions is not correct?
() Zn + H,SO, — ZnSO, + H,
(») Fe + H,S0, —> FeSO, + H,
(¢) Mg + H,SO, —> MgSO, + H,
" () Cu + H,S0, —> CuSO, + H,
4. Which of the following-couples will have highest value of
“emf?

(a) MgIMg2+IlAg /Ag  (b) Zn|Zn™ I Cu® ICu

@3 F 2y ) 3yF X © X ¥2y @3x+F3y

R}

R}

2 1ne—molar‘cond(rctanceS‘armfnnterdrlutrorrﬁ)relectrolytes

(©) Zn|Zn**IIAg* /Ag = (d) CulCu®* llAg" |Ag

~and -CA are 140 and 120 ohm™ cm? mol™!. If the molar
conductance at infinite dilution of BX is 198 ohm_L cm? mol_l,
then at infinite dilution, the molar conductance of CX is;
(2) 178 (b) 198 (c) 218 (d) 130

i

* Mint: Az =Ag+ A= 1Np : T
" =120+ 198 — 140 =178]

3. ‘The molar conductance of 0.001 M acetic acid is 50 ohm™
cm? mol™'. The maximum value of molar conductance of
acetic acid is 250 ohm™' cm? mol™!. What is the degree of
dissociation (o ) of acetic acid? .

(a)0.5 - (102 (©)0.3 - dyo0.4

4, Which of the following solutions will have highest value of

the molar conductance of CH,COOH?

(a) 1 MCH,COOH. (b) 0.5 M CH,COOH :
(¢) 0.3 MCH,COOH (d) 0.1 M CH,COOH .
"5, The unit of molar conductance of an electrolyte solution will
- be: .
(a) ohm" cm? mol™ (b) mho cm 2 mol™
(c) S cm? mol™! (d) ohm™" cm™ mol ™!
e Passage7

. The potenttal associated with each electrode is known. as

_electrode potential. If the concentration of each species taking part

in the electrode reaction is unity (if any appears in the electrode
reaction, it is confined to 1 atmospheric pressure) and further the
reaction is carried out at 298 K, then the potential of each electrode
is said to be the standard electrode potential. By convention, the
standard electrode potential of hydrogen electrode is 0.0 volt. The
electrode potential value for each electrode process is a measure of
relative tendency of the active species in the process to remain in the

-oxidised/reduced form. A negative E'° means that the redox couple-is

a stronger rediicing agent than the H *1H, couple. A positive E °
means that the redox couple is a weaker reducing agent than the
H*|H, couple. The meial with greater positive value of standard
'reducﬁoh potential forms the oxide of greater thermal stability.

Answer the following questions:
1. Given the standard reduction potentials,

E°. -293V, E =+0.80V, E°

KK g¥iAg =079V

Hg2*/Hg

'5. Which of .the following metals will not displace hydrogen
from water?

(@ Mg~ () Zn. (@S (@ Ag

.. Passage 8

Chenical reactions involve interaction of atoms and molecules. A
large number of atoms/molecules (approximately 6.023 X 10%) are

present in a few grams of any chemical compound varying with their
atomic/molecular masses. 1o handle such large numbers

_ conveniently, .the mole concept was introduced. This concept has

implications in diverse areas such as analytical chemistry, -
biochemistry, electrochemistry and radiochemistry. The following
example illustrates a typical case, involving
chemical/electrochemical reaction, which requires a clear
understanding of the mole concept.-

A 4.0 molar aqueous solution of NaCl is prepared and 500 mL of
this solution is electrolysed. This leads to the evolution of chlorine
gas at one of the electrodes (Atomic mass : Na=23; Hg =200;

. 1 Faraday = 96500 coulombs)." - (IIT 2007y

Answer the followingjque_stio_ns:
1. The total number of moles of chlorine gas evolved is:
(@) 0.5 - 1.0 (©)20 (d) 3.0
[Hintt Number of moles of NaCl = My _ 4x500
‘ 1000 1000
2C17 — Cl, + 2¢7

2 mol CI” ions glve 1 mol Cl, ]

=2

2. Ifthe cathode is a Hg electrode, the maximum we1ght (in g) of
amalgam formed from this solution is:
(a) 200 (b) 225. (c) 400 (d) 446
Hint: Electrolysis gives 2 mol sodium at cathode. Thus, *
amalgam (Na/ Hg) will contain 2 mol of each sodium and Hg.
Mass of amalgam = 2 x 200 + 2 x 23 = 446] '

3. The total charge (in coulombs) required  for complete
electrolysis is:
(a) 24125 (b) 48250 (©) 96500 (d) 193000

[Hint: 2 mol electrons will be required, therefore, required
charge will be 2 faraday or 193000 coulombs.]
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ASS!GNMENT NO. 12

N . - 6. The cell reaction mvolvmg qumhydrone electrode is:
'SECTION-l o i A

Stratght Objective 'I‘ype Questions
This section contains 10 multiple choice questions. Each
' questlon has 4 choices (a), (b), (c) and (d), out of which only
" one is correct. -
1. The specific conductance (x) of an electrolyte of 0.IN
concentration is related to equivalent conductance (A, )by the -
following formula: {CET (J&K) 2007]

T+ 2HY 4+ 27 E°=1.30volt

. What will be the elecirode potential-at pH=37

DA ok  ®A, =10k @148V  PM20V  (©LIOV (@130V
‘ = o = i . 00891, ., :
(c) A, = 100K @A, =10000c © Hint: - E= E -~ log[H &

2. The standard Em, values- of 4,B and C are +0.68 V,

~2.54 V, ~0.50 V respectively. The order of their reducmg : =130+ 00391 x3=148 J

ower is. 7. The standard reduction potential £° for OCI” / CI” and for
P : (MHT— CET 230?) CI” /1/2Cl1, are 0.86 'V and — 1.10 volt respectively. The £ °
(a)A>B>C(b)A>C>B(c)C>8>A(d)B>C>A value of OCI /1/2C1, will be: '
3. Inthe electrochemical reaction, @+196V  (b)-196V (C) +024V (d) 024V
: 2Fe® + Zn —> Zn** + 2Fe* [Hinf: o - _
increasing the concentration of Fe**: [JEE (WB) 2007] OCI' +H,0+ ¢ —ClI" +20H  Eg =086V
(a) increasing the cell emf ' ‘ I —> 1(312 +e E, =-1.10V
(b) increasing the current flow ' 2 ‘
(c) decrease the cell emf : ) , q- I - o 0 RE :
(d) alter the pH of the solution ' : OC” + H,0 pCh # 200 ER=086+ 119
4, Fully charged lead storage battery contains 1.5 L of . =—0.24 V]

5 M H,S80,. If 2.5 amp-of current is taken from the cell for
965 minutes, then what will be the molarity of remaining
H,50,? Assume that volume of battery fluid to be constant:

§. The standard reduction potentlal for the following. two
*. reactions are given:

AgCl+ ¢ —> Ag(s) + CI" (ag); E°=022V ...(1)

(@4M b)35M  (©2M @a25m Ag* (ag) + & —> Ag(s) S E°=080V ..(Gi)
5. In a hydrogen-oxygen, 67.2 litre of H, at STP is used in The solubility product of AgCl under standard condition will be:

1§ ~inmtes. What is the average current produced? B (a)1.613 % 107 M? (b)1.535x 1078 A2

(a) 549.4 amp (b) 643.33 amp :

. ~10 2 —10 2
() 965 amp (d) 129.8 amp (€)3213x107° M2 (@1535x107° M
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[Hint: From eqgs. (i) and (ii), -
AgCl(s) == Ag’ + CI"; E° =022 - 0.80=—-0.58 V

0.0591.
Ecqn = Ego -y log IA TIery
0.0591

0=-0.58 ~

log [A F1ICr]

=[Ag"1[CI"] =1.535 x107'° M?*]

(c) Cufs) + 2H' (aq) — Cu** (ag.) + Hy(g)
(d) Zn(s) + 2H" (ag)) — Zn** (ag) + Hy(g)

SECTION-I
Assertion-Reason Type Questions .
This section contains 6 questions. Each question contams
Statement-1 (Assertion) and Statement-2 (Reason). Each
question bas following 4 choices (a), (b), () and (d), out of
which only one is correct..
(a) Statement-1 is true; statement-2 is true; statement-2 is a
‘ correct explanation for statement-1.
- (b) Statement-1 is true; statement-2 is true; statement-2 is not
- a correct explanation for statement-1. o
(c) Statement-1 is true; statement-2 is false.
(d) Statement-l is false, statement-2 is true.

9. The ethbrlum constant for the reaction,
Cu(s) + Cu®* (ag. )= 2Cu’* (ag.)
ECuz*;c:u =034V ‘ ECu2+/Cu =015V
(Given: log 3.72=0.571) o
(2)3.72x 10°¢ ‘ (v)3.72x 107
(©)3.72x107 (d3.72x10" ;
10, Cations absoib 6. 023 x 107 electrons for theﬁ%ductrom How

many equivalents of the ion are reduced?

¥

’ Multrple Answers Type Ob]e_c_tlve Questions

11.

12.

13.

14.

15.

(a) 0.1 )00l . (90001  (d)0.0001

~ SECTION-II

1In an electrolytic cell:
(a) anode is positively charged
(b) cathode is negatively charged

~ (c) oxidation takes place at anode _

(d) reduction takes place at cathode

One gram equivalent of a substance i is hberated at an electrode

by:

(a) 6.023 x 107 electrons

(b) 96500 C’

(c) 1 amp current for 1 second
(@1 amp current for 96500 sec

If 9 gm H,0 is electrolysed completely w1th the current of
50% efficiency then:
(2) 96500 charge is required

-(b) 2 X 96500 C charge is required

(¢) 5.6 L of O, at STP will be formed

(d) 11.2 L of O, at STP will be formed

A galvanic cell involves the followmg reaction:
Zn(s) + 2Ag " (ag.) == Zn*" (ag.) + 2Ag(s)
Select the correct statements among the following:
(&) Zinc is negatively charged

(b) The given redox process is spontaneous ‘
(c)Ag® + ¢ > Ag, takes place at anode

(d) Zn(s) — Zn** + 2¢7, takes place at cathode
Given that,

-E;ig,,mi =-025V, Ez:u“/(:u =+034V

E:g+ me =t 080V E;n2+ . =-076V
Which of the following redox processes will not take place in
specified direction? .
(a) Ni** (ag.) + Cu(s) — Ni(s) + Cu®* (ag.)

(b) Cu(s) + 2Ag* (ag.) — Cu®* (aq.) + 2Ag(s)

nhargg “,q” PMQWQL%—&MM%&%S—MIP—ﬁ—— .
) electrodes '
‘Because

Statement-z In the electrolysis of water, two faraday of
charge will produce half mole of H, gas and one fourth mole
of O, gas.

17. " Statement-13 Aqueous solution of CuSO; turns colourless o
complete electrolysis using platinum electrode.

© Because :

Statement-2: CuSO, is converted to Cu(OH), on electrolysis.

18. Statement-1: ‘Sodium ions are discharged at a mercury
cathode in preference to hydrogen ion.

. Because .

Statement-2: Na™ is stronger reducing agent than H.

19. Statement-1: KCl and NH4CI cannot be used in salt bridge of
acell contammgAg Hg3* and TI" ions. ’

~ -Because .

Statement-z' Cell will be destroyed due to precipitation of
metal chlorides.

- 20, Statement-1: The voltage of mercury cell remains constant *
for its life time.

Because -
Statement-2: Overall cell reaction does not involve any ion.
21. Statement-1: In alkaline version of dry cell, NH,;CI is

replaced by KOH. .

Because
Statement-2: Zinc container does not undergo corrosion in
alkaline medinm. .

SEC'I'ION-IV S :
Matrxx—Matchmg Type Questions

“This section contains 3 questlons Each question contains
statement given in two columns whrch bave to be matched.
Statements (a, b, ¢ and d) in Column-I have to be matched with
statements (p, ¢, r and s) in Column-II. The answers to these
questions have to be appropriately bubbled as illustrated in the
following examples:
If the correct mafches are (a-p,s); (b-q,1); (c-p,q) and (d-s);
then correct bubbled 4 % 4 matrix should be as follows: '
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SECTION-V

Linked Comprehension Type Questions

Redox reactions play a pivotal role in chemistry and biology.
The values of standard redox potential (E°) of two half-cells
reactions decide which way the reaction is expected to
proceed. A simple example is a Daniell cell in which zinc goes
into solution and copper gets deposited. Given below are a set
of half-cell reactions (acidic medium) along with their £° (V
with respect to normal hydrogen electrode) values.

I, +2¢” — 2I° : E° =054
Cl, +2¢7 — 2CI7 ; E%=136
22. Match the Column-I with Column-II: Mn® 4+ & —s MnZ2* . E°=150
Column-I Column-UI CFe’t 4+ —— Fe?t . E°=077
(a) Nickel-Cadmium cell (p) Used in auto vehicles 0, +4H" + 4e~ — 2H,0" . EY =123 (IT2007)
(b) Lithium battery (q) Secondary cell Answer the following questions:

£ 1y Faed 1} £ X ¥ A%}
(©H, =05 cell (ry Fuoeltceit

23,

24.

Match the Column-I with Cobimao-11:
Column-I Column-Ii
(a) Specific conductance, K (p) A5, / A,

~ (b) Molar conductance, A,, (g) Decreases with dilution

(c) Resistance of electrolyte (1) Increases with dilution
solution, R

(d) Degree of ionization of  (s) Increases with increase in
weak electrolyte, 00 the distance between parallel

250

26.

(b) Fe?* is oxidised by iodine
.(¢) Iodide ion is oxidised by chlorine
(d) Mn>" is oxidised by chlorine -

. [Hint: Species with greater reduction potential, oxidises other

. with lower reduction potential.]
While Fe’* is stable, Mn**
because:

(a) O, oxidises Mn>* to Mn>*

is not stable in acid solution

- plates (b) O, oxidises both Mn?* and Fe?*
Match the Column-I with Column-II: .
Column-1 Column-11 (o) Fe 0’_““‘“3 H,0t0 O,
(a) Concentration cell {p) Fe is oxidised by Ni, Oy (d) Mn>* oxidises H,0to O,
(b) Edison cell (q) Zinc anode [Hint: Mn®* oxidises H,0 to O, because the standard reduction
(¢) Mereury cell . (1) HgO cathode potential of (Mn3+ —s Mn?* )A is greater than that of
«(d) Dry cell (SYE® =0 Oy —> H,0).] ~
L @ 2. (@) 3. (o) 4. (a) 5. (b) 6. (a) 7. (d) 8. (b)
9. (¢) 10. (a) 1. (a,b,c,d) 12 (a,b,d) 13. (b, c) . 14. (a,b) 15. (a,¢) 16. (c)
17. (¢) 18, (b) 19, (a) 20. (a) 21. (a) 22, (a-q) (b-q) (c-1,8) (d-p.g)
‘ ) 25. (c) 26. (d)

23. (aq) (b1) (c-q8) (dpr) 240 (a5) (bp) (e-qr) (d-0)

) Amoﬁg—tlrefoﬂn\viﬁg,"rdéﬁﬁfwh“e_‘cbmcmtaremeW""""— """
{(d)yLzead storage-battery —(sy Used-in-Apotlo-space-craft——————(a) Chloride ton s oxidised by G5 e —




