Chapter Seven
ELECTROCHEMISTRY-II

() Important Points from the Chapter

Electrochemistry is a branch of physical chemistry which deals with the
effect of electricity on the chemical reactions.

Types of Reversible Electrodes A reversible cell consists of two
reversible electrodes. These are of following types

(i) Metal-Metal Jon Electrode The metal is dipped fnf;o a solution of its
own ions, e.g. Zinc rod dipped in zinc sulphate solution.

M == M+ ne
(ii) Gas- Metal Ion Electrode This hydrogen electrode consists of glass
tube, in lower end of which a platinum wire with platinum foil is used.

(ili) Metal-Insoluble Salt Anion It consists of a mqtal and a sparingly
soluble salt of the same metal dipping in a solution of a soluble salt
having the same anion.

Redox Electrodes This metal electrode is of metal like gold, platinum

dipped in mixed solution containing both the oxidised and reduced form of

a molecule or ion e.g. Fe™ | Fe™?, These electrode acts reversibly.

Electrode Reactions An electrode reaction refers to the net oxidation or
reduction process that takes place at an electrode. ]

Nernst Equation The electrode potential and e.m.f of the cell is affected
by the nature of electrodes, the temperature and the activity of the solution
involved. In a reversible cell, if all the substances are in their standard
state i.e., in unit activity, the e.m.f is the standard value E°.

Single Electrode Potential Each cell is made up of two electrons also
known as half cells. At one electrode, oxidation occurs (i.e. electrons are
evolved), while at the other electrode, reduction occurs (i.e. electrons are
taken up). The tendency of an electrode to lose or gain electrons when it is
brought in contact with its own ions in solution is called single electrode

potential.

Standard Hydrogen Electrode In hydrogen reference electrode,
hydrogen gas at one atmospheric pressure is bubble_d through a solution of
hydrogen ions of unit concentration. The POtentl‘?‘l of such reversible
hydrogen electrode is arbitrarily taken as zero and is known as standard

hydrogen electrode.

Standard Electrode Potential (E,,) If the concentration of the jons is
unity and the temperature is 25°C, the potenti&}1 of the electrode is called

standard electrode potential. It is denoted by o -
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I loctrolytic Cell An electrolytic cell is an electrochemical cell that
mlergoes a redox reaction when electrical energy is applied.

Hulerence Electrodes It is only the difference of potentials between tW©
‘lectrodes that we can measure experimentally by combining to gef 2
smplete cell. If the potential of one electrode is known then that of the
1her can be caleulated. The electrode whose potential is known is termed

an reference electrode.

(inlvanic Cell A galvanic cell is a device which converts chemical ener8Y

(or potential energy) into electrical energy.

Roeversible Cell A cell is a said to be thermodynamically reversible if 1t
wends out infinitesimally small current so that the cell reaction alwa¥*S
remains virtually in an equilibrium state. _
Irreversible Cell A cell which does not satisfy in reversible quﬁJltyr
condition, is an irreversible cell.

Illectrochemical Cell Those cells in which the electrical current restlts
(rom a chemical reaction and in which oxidation occurs at one electrode,
while reduction at the other are known as electrochemical cells.
Illectromotive Force (E.M.F) In a galvanic cell, the two electrodes haVe
different potentials. So, the difference of potential which causes floW of
current from one electrode (which is at a higher potential) to another
clectrode (which is at a lower potential) is known as electromotive fox¢™-
Concentration Cell Concentration cells are those cells in which the
clectrical energy is produced due to the transfer of a substance fro™ &
solution of higher concentration around one electrode to a solution of 10Wer
concentration around another electrode.

Liquid Junction Potential Liquid junction potential occurs when tWO
electrolytic solution of different concentration are in contact with each other.

Applications of Concentration Cells Following are the applications of
concentration cells.

(1) Determination of solubility of sparingly soluble salts.
(11) Determination of valency of ions.
(iii) Determination of pH.
(iv) Transition temperature.

Valency of Ions The valency of doubtful ions can be established by e.m.f
measurements, e.g. The valency of mercurous ion was established by
setting and determining the e.m.f of the following concentration cell-

Mercurous nitrate (ag) | NH, NO, Mercurous nitrate (aq)
Hg : Hg
C, Salt bridge ‘ C,
The e.m.f of the cell is given by, E = el In £y
nk C;

where, n = valency of mercurous ion and C, > C;.



148

.0591 B
At 25°C, 700991, Cp

n C; 4
Solubility Product The product of the concentration of ions in %

. saturated solution of an electrolyte at a given temperature is constant and
is known as solubility product.
AxB‘Y e s yB—
[A']* x [BT) =Kg
Activity Coefficient If m; and m, are the molalities and 7; and r, are the
respective mean activity coefficients, then the e.m.f of the cell can bé

expressed as

RY . Sne vy o BT Trmol T 5 = m2yall
E=— 2 12 In [.apgc =2 . a. _ =m7y9]
F e F Vi e
This equation can be used to calculate v, at different concentration

provided m,; and v, at any concentration are known.
Potentiometric Titrations The potential of an electrode depends on the

concentration of the ions to which it is reversible. .
PH Value pH may also be defined as the logarithm of the reciprocal of the

hydrogen ion concentration. Ao
Buffer Solutions Those solutions, which have reserve acidity and

alkalinity are called buffer solution. :
Salt Hydrolysis The phenomenon of the interaction of the salt with water

giving acidic or alkaline solution is known as salt hydrolysis. .
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(i_L) Long Answer Type Questions

@ 1. (i) Describe metal-metal ion, gas-ion and metals in _
soluble salt-ion reversible electrodes. What reaction
does take place on each type of the electrode?

- & ST, G- 3T o YE=Rie S STeuT SET SohHu
seieRrs H rgeit o ool ST Teies TR 3 SaEals U Sl
vfafsraTe Bt €2 ‘

(ii) What is difference between electrolytic and galvanic

cell? What are conditions for a galvanic cell to
become a reversible cell?

forga staeeit o oo To == & o1ax 22 Serdvig SA H
I o6 o Tieafres e =5t o= o £2

Ans. Reversible Electrodes Every reversible cell consists of two
reversible electrode. They are of following types

SRV TATSTS TTF SSHATE el | 1 Sohuvig seieers 2 51 3 Fi SR &
G i
(@) Metal-metal Ion Electrode It consists of a metal rod dipping 13

solution of its own ions, i.e. metallic rod dipping in ZnSO, solution an
a copper rod dipping in CuSO, solution ete. ‘
AT~ T AT TATRNS 3 THAHEIS | T H@ﬁgg_mﬁ—@a@%ﬁwg
H SN &R 1 ITrEweT ik wethe % faerm § <5 R @ 9%, B Tehe
oo o =t iR =) B snfl

Ms)——= M (aq)+ e

If the metal rod () behaves as a positive electrode (i-e-. electrog:
reaction involves reduction), the above equilibrium shifts to the left,
1.e. concentration of M™" ions in solution decreases.

af BE, TARHS sTEerS, Wi il SRR Y, S7eliq gorrS o STI=aA B, @
TS S | S Qe & e Sl 21 g8 sl o, M ST Rl Wi HH
21 S 2

M—M" +¢
If the metal rod behaves as a negative electrode (i.e. electrode reaction

involves oxidation), the above equilibrium shifts to the right, i.e.

concentration of M " ions in solution increases. So, the above electrode
1s reversible with respect to M ions.

ﬁ@sms@a@gaﬁﬂﬁwﬁ,aqﬁﬁa@gqmﬁﬁr
el S ¥ SR R iR smer e B que weat W, Mt STE W
T Al B Sl B, o9 soeRie M ST % griel SohHvia B
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For a metal of valency n, the electrode reaction will be
afs g M R S n W, @ o siuhE e SR SR
M(s) —— M"" (ag)+ ne”
(i) Gas-Ion Electrode ( 1T9-31Ta sHa2IS )

(a) Hydrogen Electrode This consists a hydrogen gas bubbling in a
solution of an acid, say HCI. The electrode reaction will be

RS SRS STl ferae H eregior 1 sanfed #39 W, 7€ gAY
arffsean s Bt 21

YT ET T, %— H,(g)— H (aq)+ e

P

Ha iﬁ h‘
1 atm —
HCI solution
™ : o

Pt foil

Fig 7.1 Hydrogen electrode

This electrode is reversible with respect to H" ions. As hydrogen
gas 1s non-conducting, platinum or some metal which comes
quickly in equilibrium with hydrogen is used to make electrical
contact. This electrode is represented as

T 2, fF a% soiadie HYemad & 9iel Soravia €, =k sssee 19
FECh ©, 3T0: ST A1 2779 I &g =1, 59 W a1t =t fohan 7 Sidt 8t
AT S BIESISH o W19 QrIEE Y T=ifha X ol ©F, 999 S gof A
F foe s 30 21 39 soERe W geR e e E

. Pt, Hy(g)1H" (aq)

)/ Chlorine Electrode This electrode consists of chlorine gas
bubbling at a given pressure into a solution of HCI. It is
represented as

FAMMTTAGRS U SAFIS B FAT 19 = Fafeg g W HCl % faea
¥ yaifed 0 21 =0 e yoeR @ v s ©

Pt,C1%(g)ICl™ (aq)
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The electrode reaction is

soiEere sifufme e TR @ = @t ST 9edt =
%(312(;3) o e O o)

This electrode is reversible with respect to chloride ions.
g TAFIE FASE AT % U ISHAT 2l

i) Metal-Metal Salt Ion Electrode It consists of a metal and a
sparingly soluble salt of the same metal dipping in a solution of a
soluble salt having the same anion. One important electrode of this
type is calomel electrode.

LTI~ AT AT AT TGS 3 TOaels | U g 997 S 2oy faa
AT BT § AT €1 Uoh Torera wev1 % faerm o, frad ereq foee oo & 9am
SEUTEA B, ST &dl €1 59 S0 <l Tad T SRS hHellHel SHa21S 2

Calomel electrode consists of mercury, solid mercurous chloride and a
solution of potassium chloride. It is represented as

FAa soeRe ¥ T, S ACRE TRRES 91 TRr sikEe % faead
T ®, SU e TR Wefi¥a 9 wehd ©
Hg | Hgly(s), KCl(aq)

It is set up by taking mercury at the bottom of a glass tube having a
side tube. It is covered by a paste of mercurous chloride (calomel). A
solution of KCl is added through the tube over the paste. The solution
of KCl may be normal, decinormal or saturated. The solution also fills
the side tube ending in a jet on the left side. A platinum wire sealed in
a glass tube serves to make electrical contact of the electrode.

TN gs T B i i 2ge W wed A o srar @1 e s "Ry
FARES (hemer) &t o ¥ foa9 & quR o o < @1 sud et SR onh
Tl N1 MR FeiRiEs &1 S e sren s 21 HCL &1 |rsan |,
SHFEHS A1 HJ@ B Fehell ) Ued el § oft, S feen i w S F sy
<o 21 398 HC =1 foer@m o) &2 S 81 s gaeht g &) Tet & e gl
T & AR h1 Y& TR § gaan =i 2, 9@ fF seeie = faga aftay &

SISt ST k|
%%' Platinum wire

KCI solution-

.-Jllll llllllllllllllli

AHNNNNNNNNN

s

Fig. 7.2 Calomel electrode
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If the electrode reaction involves oxidation, mercury would/liberate
electrons to send mercurous (Hg2") ions into the solution. Phese ions
then combine with chloride ions (given by KCl) to form insoluble
mercurous chloride. Thus, the concentration of chloride ions
decreases in the solution. The electrode reactions invdfved are

ﬁmﬁmﬁmm%ﬁmmmm
Hg3" 33 ! faeram & dstar 21 3 e KC1 9 S FaREsS ST 9 240
hTh 31T foera Hg Cl,aAm |1 or: foreram # siigs o) ! arsan & =+
3 st ?1 sfafsran e wer St 2 ,

" 2Hg(l) == HgZ" + 2¢

Hg2" + 2C1- —= Hg,Cly(s)
2Hg(l) + 2C1" == Hg,Cly(s) + 2¢

If the electrode reaction involves reduction, the Hg? ions given by
sparingly soluble mercurous chloride get discharged at the electrode
so, more calomel will pass into the solution. Thus, the concentration of

chloride ions increases in the solution. The electrode reactions
involved are

e grs AR ¥ stowae €ar 2, @ TeRRE SeiNge BRI W HagTH
3TE ToIeRIS WX W B oFa: iR eifueh (Hg,Cl,) Feme faem o wenfea
B TR FEIRIES ST St wrsal foeram § st sttafeand fr wer 2t &
HgCly(s) == Hgj" +2CI
Hgs" +2¢° — 2Hg()
Hg Cl,(s) + 27 == 2Hg(l) + 2CI”
(iii) This electrode is thus reversible, with respect to chloride ions

= 2, i el s IORES oaT ¥ 9ier SR 2

Galvanic Cell Electrolytic Cell
An electrolytic cell converts A galvanic cell converts chemical energy
electrical energy into chemical into electrical energy.
energy. -
The redox reaction is not The redox reaction is spontaneous and is
spontaneous and electrical responsible for the production of
energy has to be supplied to electrical energy.

initiate the reactions.

Both the electrode are placed in The two half electrode are set up in
same containers. different container and connected
' through salt bridge.

Here the anode is positive and Here the anode is negative and cathode
cathode is negative. is positive.
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ST ARe B T @ AR H o Bl Scurewar & farg Saver g

%1Wﬁwamﬁwwﬁl aﬂﬁaﬁiﬁﬁgﬁm?mﬁ?wﬁa
3R oqor F AreEd § e gY o

gl v T & Al s e & T e e & AR Wire T B

Condition for a Galvanic Cell to Become Reversible Cell

A cell is said to be reversible if the following two conditions are
fulfilled.

e feafies a0 o fog gfaafa 9 & s+

ww Al TheEd Fer S 2, Ak a% Frefarted v gl wa Rl

(a) If the opposing e.m.f is exactly equal to that of the cell itself, no
current is given out by the cell and the cell reaction does not occur.

Ifz ferdieh forgga aTew o, Ve 3 R aes oo o S WHM o 7, W A
¥ forera o St T At & aen A H et afufean o € S 2

(b) If the opposing e.m.f is infinitesimally greater than that of the cell
itself, an extremely small current starts flowing in the opposite
direction and the corresponding small amount of cell reaction is
also revesed. ‘

Tfe BRI e ae® oo, U0 % fOEd aRs a9 A I YeA w4 o
st 2, A T A erca ® T =W e faen ¥ waifd B @R @
A W HE0 W auEtE situfem o frada fown § i 2

@ Related Short Questions

1. With a suitable example, explain the working of a reversible electrode,
IRIE SRRl §RT Sahvi saagrs’ @ fharfafer wremswl [2010]

27 Write short note on calomel electrodes.

FAd godcrs R dferg fewefl faRag , [2014, 12]
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@What is difference between ‘concentration cell with
transference and concentration cell without transfergnce?
Derive eXpression for e.m.f for concentration cell without

transference.

ﬁmgﬁw@ﬁaﬁwﬁsﬁwﬁaﬁﬁml
e Ed WS e i o e s % fae sre St

-renceé between concentration cell with transference and

Ans. Diff :
concentration cell Without transference

MRS

e tion Cell With Coﬁcentration Cell Withﬁut
Concentra Transference

Transference _

The electrolyte Concentrai;ion cellg, in Th<:3 electrolyte concentrai:,ion cel]a_s, in
which the two electro}ytlc solutions which the two electrolytic solutions
are in direct contact with each other, are not in direct contact with each
<o that transference of ions from one other, so that the transference of ions
solution to the other takes place between the two solution does not.
it is called takes place directly are called

di v, - then
ccl)fli(;trll{;ation cells with transference. concentration cells without
> transference.
5y HCW@) : HCl(@y), e.g. Pt, Hy(g), HCl )| AgCl,, Ag
e.g. Pt, Hz(g) (1 atm) 2 () ( )A

Hy(g), Pt(1atm) :
wwwmﬁﬁaﬁmmmﬁﬁﬁw

e e Yw, Rl R wrwe 9w, Rl <1 Ry smecefe
gmﬁam@@%ﬁmmﬁ Ta-gRR b Y wHd F A 2 Ry smat
< &, oy gyl @ AT (FAATRT) 1 ST (TR T e g
wﬁgﬂq@@%ﬁﬂﬂﬁqﬂm@.ﬁ‘rsﬁ o ¥ @Y A & a1, 39 AfrEE (MR

WWWWW%I ATl A FEd Bl
H eg. Pt, Ha(g), HCl (a;) | AgCl(s).Ag
{1 atm)

Pt, Hx(g) HCl(a,) HC[(az): Ha(g) »
Pt (1 atm)

e

lls Without Transport or Transference In such
cells, there is no girect transfer of electrolytes from one solution to another.
W@mﬂawﬁﬂﬁ,@ﬁwﬁ@iﬁmﬁ%ﬁwnm@ﬁmﬁ
ofed = S A o€ ufeda Tt s S T B B

The transfer occurs due to the result of chemical reaction. In general,
consider orie cell il which the electrodes are reversible with respect to H

and Cl™ ions, as
o ¥, fad g3 HY 9 C17 ST ¥ WY ISHAUAT B 81 S
(A, (1 atm) | HCI(C,), AgCl(s)/ Ag(s))

Concentration Ce
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When the cell works, the hydrogen at LHE dissolve to form H' ions, where
ny silver is deposited from silver chloride at RHE, i.e.

Jo el = R §, A LHE W TESSE oRA HY wi e et 2, sri faee
RHE W RigoR SeiNEs il THia STl <
l.eft hand electrode (o 2R oS )

%Hz (latm) == H*(C,)+ ¢

Right hand electrode (St AR SAHRIS)
AgCl(s)+ e — Ag(s)+Cl (C))
The cell reaction is

g1 arfafear e R ert
% H,(1 atm)+ AgCl(s) = H*(C;)+ Ag(s)+ CI"(C,) == HCI(C,)+ Ag(s)

The e.m.f (E;) of the cell is given by,

I ¥ fora aes W@ (E,) % 50 & o @

El = EO__I%E logecl ...(i)

Now consider another cell with different concentration of HCI, i.e.
oM iE g 99 s, HCl &6t 9rsar

H, (1 atm) | HC1 (C,), AgCl(s)| Ag(s)
The cell reaction in this cell will be

T U ¥ Qo fufea = TR |l

% H, (1 atm) + AgCl(s) = HCI(C,)+ Ag(s) &5

The e.m.f. (E,) of the cell is gi;ren by E,=E°- Eﬁ—?— log.Cy
[ ¥ forga ae® o E, % 5N fa e 2

The above two cells containing HCI of different concentrations C; and C,
with e.m.f E, and E, are connected in opposition. We get the following cell

SR |1 = | €y 9 C, % W9 e f By 9 E, fawda § 98 g s, 7 fr
=isteh I A ©
H, (1 atm) | HCI(C,),AgCl(s)Ag(s)| AgCl(s), HCI(Cy) | Hy (1 atm)

The e.m.f (E) of the above cell is E; — E, and net cell reaction is obtained by
subtracting (11) from () 1.e.

IR A H e.m.f, B, — B, © 3R 72 Jar stfuftean vt (i) H @ ft () 1 oM W
W L 2
HCI(C,) = HCI(C,)
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e

B Rt (Ec'—ﬂ T c_l) —[E"-— i ) CZJ

i F
RIS Gy, S80S T i g /i)
s C, /

As C, > C,, there occurs a transfer of electrolyte from concentrated to dilute
solution. 4

$A ¢, > C, =, Trx faerm w5t wrsa § fom-oase S gLl e 2

@ 3. (i) What is a concentration cell? Obtain the e.m.f. of a
concentration cell without transference.

AT O =1 22 T Wea e ursar 9 &l e.m.f AT
HifSIg| '

(ii) What is meant by a reversible cell? Explain the work
ability of a reversible cell with a suitable example.

SEEHE e W = aread 22 Fedt Sornvia S W Rafata
Sfaa ST F T TIE HhifSa|
Ans.

(i) Concentration Cell Concentration cells are those cells in which the
electrical energy is produced due to the transfer of a substance from a
solution of higher concentration around one electrode to a solution of
lower concentration around another electrode.

[T=AT Uer ae o, ol & soeee & 9] AR S=9 sl 9 fFeea |
TR RS % =Rl SR e grsar one e H usid % ST % SRl
o=@ Sei W et €, 9rsdl 9 Heent 2

Concentration cells are of two types (I T THR &I Bl g)

(a) Electrode Concentration Cells or Amalgam Cells In this, the
extreme electrodes are of different concentrations. This can be
achieved by making the solution of metal electrode in mercury
(called amalgam) of different concentrations e.g.,

TATEIS HIEAT ST IT @O T 36 6 § 50 & S ISt sl
Trsand fa=-fir= 2t €1 af serake ug 2, T S9!t WIRRAT i, 39 Hehdl
 faeraT (SIHer™) I aRafda fean s awar 81 99

Zn —Hg(C,)|ZnSO,(aq) | Zn —Hg(C,)
When the cell works, the electrode reactions will be
wi& O & Wt 8, 9 saders Afafsear gl
At left electrode (@ s@lﬁ@@ )

Zri — Hg(Cy), —=Zn*" (ag) + 2¢”
At right electrode (gt 3@3@3 T)
Zn®*(ag)+2¢” —— Zn —-Hg(C,)



(b)
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Cell reaction (It afufsmar)
Zn — Hg(C,) =—— Zn —-Hg(Cy)

‘The electrode potential (E;) of left electrode is given by,

2tf TeERE o oo fava B, e @
2+

Eande RT n [Zn“"]
Zn/Zn 2K Cl
The electrode potential (E,) of right electrode in given by,
IRR SeERE 1 S=EA fava E, a2

E2 g EZ112+!Zn B 2F In [an““]
The total e.m.f of the cell is given by, ‘
Tt 1 weqol faEE A 9 &

2+
E =E1+E2={E;m‘7 e _RT, [Zn ]}
2it 2F Cl
E

; P e,
3 {EZnJZn2+ C oF o [an*']}
Zo/Zn2t T ZnZtiZn

2+
| BT - (20 SBEGL °C,
oF C," " 2P [Zn>]
RT.. C, -2.808RT.: - G
oF Oy oF C,

Tt means that e.m.f of the cell is dependent upon the concentration
ratio of the two amalgams.

maﬁ%,%ﬁamﬁgﬁmwaw%mwﬁw
aTiea e 2

E].:E

o

B =

Gas Concentration Cells An example of a gas concentration cell
is a cell in which two hydrogen electrodes at partial pressures p;
and p, are dipped in a solution of concentration gases.

S T e T AT St U Serer 9 ¢, faad itk el py 3
P, T Tl EESSH RS CHY o [H'] 9= HY =1 ¥ faere § 8 Bl
Pt H,(p; )| Solution of HCI1|H,(ps), Pt

if p, > p; , then electrode reaction

A py > py, T TS iR fr S €

At left electrode (9T SIS W)

% Ho(py) — H "+ e (oxidation) ( SATRATERTOT)
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(1)

At right electrode (T Q@IE@\IE ) ’
H* + 6 — -;: H,(py) (reduction) (4Ta=r=r,

Cell reaction (¥ I7fafsman) y

1 o1
> Hq(p) = > Hy(p2)

The e.m.f of the cell is given by E = %‘Z In 22
Py

Concentration Cells without Transport or Transference
Refer to long question 2

2T e arsar 9w <= v 2 W)

Reversible Cells A cell is said to be thermodynamically reversible if,
it sends out infinitesimally small current, so that the cell reaction
always remains virtually in an equilibrium state.

ISRAUHT AT 98 Aol SWras! & g § seruola €ar 2, S o1 < gav
fergga umr wenfea wear €, foa s Qo1 ififear a9 weuf e qremEen § )
For finding out whether the given cell is reversible or not, it is

connected to an external source of e.m.f working in opposite direction.
If the cell satisfies the following conditions, the cell is reversible.

afg @ & fau &6 i 91 Soravhia @ ar =, Sww a9y aes 9 % 9=
a9 Sirel Sar &, S foada fEen 7 = < 21

(a) If the opposing e.m.f is exactly equal to that of the cell itself, no

(b)

(©

current is given out by the cell and the cell reaction does not occur.

i folidl e.m.f, U & e.m.f o 3TA<1 Y&H A o 9HM BI, 0 9 # faed
a1 gEifed 2 B ® 991 Qo § gute oifufew of T € 2

If the opposing e.m.f is infinitesimally smaller than that of the cell
itself, an extremely small current is given out by the cell and a
correspondingly small amount of cell reaction occurs.

fg faieh faea ares o, S & foaga dew ol & 9gd &9 g1 2, 9 9
BRI 3T W faga o 9SS @ 99 ¥ W 9 "en ¥ e
sfufsran Bt 21

If the opposing e.m.fis infinitesimally greater than that of the cell
itself, an extremely small current starts flowing in the opposite
direction and the corresponding small amount of cell reaction is
also reversed.

fg faiE faga e 9, 9o & foga ars oo 4 9gd sifus &, A aa H
T W faga ur fauda e & waifea €9 ol ® 991 9 A@En 3
TaEfeR Afufsean faada feen & €t @)
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Method Daniell cell is a reversible cell. In it, zinc sulphate is placed in a
porous pot, in which a zinc rod is dipped. Copper sulphate solution is taken
in a glass vessel in which a copper rod is dipped. The porous pot is then
placed in the glass vessel. In it, the two solutions seep through the porous
pot and, therefore, comes in contact with each other at once. The reaction
occuring at each electrode are

fafdr Sfee S, v Sohavita 9 21 39 © Wy 9 R aete 7 e o
€, fes frp o <ol Wt ?1 OF H19 F 9= F S gethe F1 faeed 4 1 R
HI H DE ol W& T WY I Y Shiw & U B I ST 2, 39 A ¥ S faerd
T AT | BRI B § T Toh-gER & TRk | 30T o7 9 ¥ e seiaes
R BN Fre Afufpand o &

-  Ammeter

TTTTT
L
LLL1]

|

T.T
Il
|

I I|IIIII|II#IIEI

|
(RRY
Hll

e e T~ =2 CuSO,

_______ solution: " a0 o o~ solution
Fig. 7.3 Daniell cell
At zinc electrode (TS To=EI® W)
Zn(s) == Zn* (aq) + 2¢” (oxidation)
At copper electrode (I THAFLIS UT)
Cu® (aq) +2¢ —— Cu(s) . (reduction)

The cell reaction is thus represented as

Ta rfufsean f= v = S S 2

Zn(s) + Cu® (aq) == Zn?" (aq)+ Cu(s)
The electrical energy produced by a cell is given by the product of its e.m.f
(£1) and quantity of electricity (»nF') passed, where 7 is the valency of the

metal. If e.m.f is measured in volts and the quantity of electricity in
coulombs, the electrical energy is obtained in volt coulombs or joules.

In Daniell cell, the cell reaction occurs due to passage of 2 Faraday i.e.
2 x 96500 Coulombs of electrical energy produced in the Daniell cell.

el wier W o= foga o1, a1 % faga o e (7) asn wenfsq gy 9 96 (0 F)|
& UG F TS B B, ST&l n = ©1g H SASTHRAn afE g O oo 9 S i
Aot fSIEd SRl A Bl e H /9T S foega et skt A See—sper =@ S N e
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Sfirerer St #, et s 2 XIS FEIEI M 2 % 96500 FeAf forera e 3 Al
21 31a: S faga e @t A0

— 2 %x96500x1.1 o

— 212, 300 volt coulombs or joules. |

—212.3 kg Joule

@ 4. (i) What are concentration cells? Discuss a concentration
cell without transference.

TrEr Ter § < AT 82 Tk ARTET W gt S w1 9ol
hifsTa

(ii) What is the liquid-junction potential and how does it
arise? How this can be eliminated?

Se-afier foysgey & N THEA €2 A8 ol S €l 22 38 R R X
T G B? '
Ans.

(i) Concentration Cells and Qoncentration Cell Without
Transference Refer t0 long question 2.
ATaT Ter air syRpTad AT WAt | < we g 2 2w

(i) Liquid-Junction pPotential _When two salt solution of different
concentrations are in contact with each other, a potential is developed
at the junction of two 1iquid due to different rates of diffusion of the
two ions. This potential is called liquid-junction potential.

Fa-afer s iy arsdl @ S S0 R Th-gE % e W @ W S, 6
37 S =9 Y gfy w & T 6 R e € % s, we e s a

ST §1 56 fawe ) ga-Arg HEE FEd R

Origin’of Liquid- Junction Potential Liquid-junction potential
avises mainly dus 1o difference in rates of diffusion of ions across at
the interface (junction) of two 11qu1c}. In other words, it arises due to
difference in migration velocities of ions. Consider the following cell

Ta-afer e 53 st 599 {999 961 9 @ ) 589 3t 9fy ¥ SRR
ST 1 ey < B fdl 9 hRUT S Bl 81 g wIsal F, AE ot @t
ST Wi 3 frsar % RO SoIH B et A e de

I II
Pt, H, (g)/ HC! (@1)/HCl (ay), Pt (a, > ay)

Electrolyte will diffuse from higher concentration to lower
concentration. Different 1ons tend to diffuse across boundary at

different rate due to difference in velocities.

In this case H* and Cl_ both diffuse from concentrated solution to
dilute solution. The ionic velocity of H" ions is greater than CI™ ions.
So, H* will diffuse more rapidly than Clfrom q, to @, Thus, dilute
solution in II compartment will becomes positively charged w.r.t.
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solution in I compartment. Concentrated solution in I is left with an
excess of Cl” ions and thus acquires negative charge. Hence, an
electrical double layer of + veand —ve charges is formed at the junction
of two solutions and a potential difference is developed at the Junctlon
which is called liquid-junction potential.

faga-—sTTee 3= arsar 9 = wrsar &t o) famRa grm fafu= s g
TE F AR-IR T § =R 81 & Rul 5y sz 9 faaika € s9 a8 |
HYaar C1- 2 O faoma ¥ o fao=m = IR faufa @ 7Y smaa =6l
st i C1- emem | o1fdrek §1 81a: HY, C1- it gor o sifyss et § o, 9
a, ¥ faafa B 59 ¥R, 11 g9-af =t ag oo 1 sa-ufy & faoaa
el EERE 8 Sl

I 97T % 9% faees 8 C1 =t sAferar €1 STait iR g8 sEonafe g1 s, S
31 faerae & 9" W +ve 3R —ve TERE =1 T faga famax o= s 21 2R
Ty W T fava=R 3O 8 S ©, N ga-aty fasa wed 2

Elimination of Liquid-Junction Potential The following two
methods are generally employed to eliminate liquid junction potential

sa-Gfte fava o @ =@ =t fafiat sg-ufg favya = @ 63 & g
wr=a: FrAfataa @ fatEt @
(a) By adding a salt bridge between two liquids
T EaAl % & Us 901 | SeaEd
(b) Addition of indifferent electrolytes.
AHHH faga—a1qeed Hameht

@ 5. What are buffer solutions? Explain how a buffer solution
maintains constant pH? Derive Henderson’s equation for
calculating the pH value of buffer solutions.

TR T 1 7 SRS SIS foh, % foe = pH 1 ) fraf=a
WA 82 Wﬁw%pﬂmaﬁm—%ﬂamaﬁ
HHERTE|

Ans. Buffer Solution A mixture of weak base and a salt of it with a
strong acid (G.e. NH,OH+ NH,C]D) is very slightly influenced and it
maintains its pH value.

So, those solutions which have reserve acidity and alkalinity are called
buffer solution.

R e 59 T 9 NaOH gaol &R 991 S6a 377 o 919 39k a1 & fuisa
fororm & STelt S & 9o SESIRRTl ST WREUT W Sgd i uWE gl g, N fafta
faeia 9% e Fedn ol o1a: 0N e, foaet sreiiaar ar andgar STferda e
¥, 9L faerm weend ©
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Buffer solutions are of two types
T oo & woR F En ;

(1) Acidic Buffer Solutions It is a mixture of weak acid and a salt of it
with a strong base. e.g. Mixture of acetic acid and sodium acetate. The
pH of this buffer solution is always less than 7.

T U faeraT U0 99 e e o v 9 TH% Yo &1 ¥ 91 o oy
& fifdm foerem ¥ a7 21 samTer Uit ot @en wifsTm UeE snf
AT S e w1 pH wew 7 § =1 o &

(11) Basic Buffer Solution It is a mixture of weak base and a salt of it
with a strong acid. e.g. Mixture of ammonium hydroxide and
ammonium chloride. The pH of this buffer solution is always greater
than 7.

e TRt freram T w6 faerm Tefar e oo s S ST S e ST
= M forram 9§ 59 21 SERTeT SHIP SReiras qar eTIfET ToEe
M) T SR et =1 pH Wl 7 9 o1fuss grar 2 ‘
Explanation An acidic buffer solution like CH3;COOH + CH;COONa

contains a very small concentration of H' ions. The formation of
common acetate lon further suppresses the dissociation of acetic acid.

m@hmawﬁmmﬁ%mﬂuwﬁmﬁﬁa@w
RIS a2 B9 &1 Wifeam AEfide & o | se v WEite s gda
UEifesh 77T % SISl e X 29 B FTO S0 SRS A 39— o 2
CH;COOH — CH,COO + H*
CH;COONa — CH;COO + Na*

When a drop of an alkali, say NaOH is added to the solution it reacts
with CH;COOH to form CH;COONa and water. Thus, the OH ions of
the base are removed and the pH value of the solution remains nearly
the same.

TH 9797 # 0 g HCL faam W, S s oy s 33 £, 3 ade
AT W YR BT 3109 ST UEifess o s/ 2, orm: HCL % 99 Ssiet
fergga- srasrem e o st et % TrESeT S ¥ T U St T TE
ggar 2 -
CH;COONa == CH,COO + Na*
HCl=—=H" 3CI"
CH;COO™ + H* —= CH,COOH
Slightly ionised

Moreover, the addition of NaOH to a basic buffer solution containing
NH,OH+ NH,CI does not change its pH value, because the O~ ions
produced from. it readily combine with NHJ} ions obtained from N H,Cl1
to form slightly ionised NH,OH
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Tl ¥R ¥, NH,Cl @ NH,OH % &g JR faeem § g9a ek (NaOH)
fire® T, OH~ 37— & wr=v & qfieds =& san 98l NH,Cl 9 S99 NH,*
9 NaOH {380 OH 319 & UYe Bt 3169 3T NH,OH =1 241 21
NH,Cl—= NH," + Cl
NaOH—= OH + Na”
NH; + OH —— NH,0H
Slightly tonised

Calculation of pH Value of Buffer Mixture
(Henderson-Hassel Equation)

HET TS o pH |9 St 0T ( 3 ST -2 WHIeHUT )
Consider the dissociation of a weak acid HA as follows
AHl T THEr geer ore (HA) = mer fardifsm diar @
Consider an acidic buffer solution of a weak acid (HA) and a salt (AB) of it
with a strong base (BOH). Let C; and C,be the molar concentrations of the
acid and the strongly ionised salt (AB) respectively.
o et a1 (HA) 9 S99 Tae &K (BOH) % W19 =9 SR aaw (AB) &
o s ® €, 9 C, HE: o 99 Tl S wrEand 2

HAT—/H + A~
Applying the law of mass action

g-3gurt R & fFemrER,

K, = T IAT]
[ELA]
r. [HA] .
or [H ]—Ka.%[A] seill)

where, K, = ionisation constant of the acid.

K, = 37 &1 g fei=
The feeble dissociation of the weak acid is further suppressed by the
presence of A ions with the result that the concentration of the unionised
acid may be taken to be equal to the concentration of the total acid, i.e. [HA ]
= C,. The concentration of [A”] ions may be taken to be equal to the
concentration of the salt, as it is nearly totally dissociation, i.e.
fh 217 =1 Fordis ol | 9ga 0 a1 € a9 98 A9t (AB) Y IR ¥ 99 s
A” ¥ w0 SR ft HH A W@ e, o AT SO W GrEdl C, W W B

[A7]= Cz
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~.From eq. (1), (¥ (@) ¥)
&
+ =K ,__‘l
H =K, c,

[Acid]

% [Salt]

Taking logarithm and then reversing the sign, we get

T o aar fal B fanda s w,

- [Salt]
Ly L e
il [Acid]
or pH = pK, +1In [[ijllctl]l | ...(id)

Eq. (i) is known as Henderson—Hassel equation from which we can
calculate the pH of any acidic buffer solution.

T (i) W ISHA-THS GHIRIV Hed 2, Toes! Termar 9 e o sreiia awt
faeraa &% pH 49F & I %L 95 2
For buffer solution of weak base and strong acid in the presence of salt

gt &R TAT TS STFA F GIT 9 @0 i sufkefy § 9wy feam ¥ o,

[Salt]
H=pK,+]1
BOE =iy +in e

where, K, =ionisation constant of the base

w&l, K, = &R % g foris

Knowing pOH, we can calculate the value of pH, from the equation
pOH &1 99 919 11 W pH 7 94 f W01 317 I &7 95 &)

pH +pOH = pK,, =14

P Related Short Question

1. Write a short note on buffer solution. [2016, 13, 11]
THY e g ~ifgre feasht fafgl
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d Short Answer Type Questions

Q@ 1, ¥xplain e.m.f. of a cell and its measurement. {20131

T e F forga oS oot 3 TUS |IH Y SRS Hiftu
Ans. E.M.F. of a Cell In a galvanic cell, the two electrodes have
different potentials. So, the.difference of potential which causes flow of
current from one electrode (which is at a higher potential) to another
electrode (which is at a lower potential) is known as electromotive force

(e.m.f.)

[T T Torga aTE oot teafis da A, €1 fafr= fave 9 s9es B B, 3w faem
1 TF T o wEU fgd ORI U soae (S99 faug 9e) § TR sass
(f favs @) &t 3l warfed 2 =, foga ae® 9l (e.m.f.) FEadm B
Measurement The e.m.f. of a cell can be determined accurately by means
of a potentiometer (Fig. 7.4). The apparatus consists of a uniform wire AB
of high resistance. A battery whose e.m.f. is larger than that of the cell to
be measured, is connected at the ends A and B of the wire. The cell X, of
unknown e.m.f. is included in the circuit by joining its positive pole at the
same point A at which that of the battery is connected and then through a
galvanometer G and a jockey. The jockey is moved along the wire A B till no
current flows through the galvanometer. The position D is noted. The
e.m.f. of the cell, E, is then given by £, « AD

ST IO R et & fea aes w5 Avemnd 58RI/ o 9w € Tga
STHTVT § o S Siadiy 1 9’ AB B 2| R fagd e aa & el il St
faera See o ST Ael 3 fayd Tes 9o 9§ s a8, K % Al A 9 B @ s
S 21 B@ X ot foga oes o 9| w3 2R/ 2, 9 S 1 ¥ERAsE {80 aR R
IO R A | Sirer Siwen 2, a8 S w1 adenes o S8 B 81 99 X o TR R
F1 TeRAHET G qo Toel ot D | o % SgER e 24 21 oaef el i dR AB W
- <o ST 2, 59 96 Neamrer o @i e g vered e el 2 59 ferfa
D = forg forn nar @1 Jat & @ aes s E, &1 °F ws AD & STshHTar!
2t ®, 4l E, o« AD

= | B

Fig. 7.4 Potentiometer
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- 1

The cell X is now replaced by a standard cell S, the e.m.f. E, of Which.is
known. The jockey is again moved on the wire AB and the point D
determined when no current flows through the galvanometer.

T8 HE X % I R 0% ¥ S (e e o =et £, 90 811 2) %1 Sied 2
T A TR B Y AR AB T At 9% T Rl 91 fora o & e feadie
T =g faga e vonfea & € 21w 98 feg D & Wi g 21

E. AD AD
- or B, =——XxE,

IR AD AD’
Thus, E, can be calculated, if the value of E, is known.
E, &AM 9@ 81 R, E, & 99 &) 0 S ekl 21

& 2, Write a short note on corrosion. [2014, 13, 11, 10]
Henor 9T Hidre feogoft fafaw
Ans. Corrosion The process.of showing conversion of metal ions to their

undesirable compounds (usually oxides) by reaction with moisture and
other gases present in the atmosphere, is known as corrosion.

e.g. Silver gets furnished, iron gets rusts, copper develops given cooling on
its surface ete.

TWIOT 9% %ihar fOad o1g otge sTEiea difie (wma: siaune) ¥ siefdg
B 71 71 fohen enen ok g e w9t suftaf ¥ St 2, T e e ¥ e
Il U, |rg § s anf)

echanism of Corrosion-Electrochemical Theory of Rusting
According to this theory, the impure iron surface behaves like a small
electrochemical cell in the presence of water containing dissolved O, 0r CO,,
and is known as corrosion-cell. Here, Fe acts as anode and impure surfaces
act as cathode and moisture with dissolved O, or CO, constitutes
electrolyte.

et st Teranfafa—<in @ faga W a9 s & o1 R, ons o
! Fag S | sTEwntE O, a1 CO, i suieafa 7 o faga e 96 $i we suer
Fd 2, o Gt 99 w54 B, 981 Fe UHrs a91 3191 Oae $4UIe %t a3 a1 e
mﬁﬁaozsﬁxcoz%warﬁﬁa—mwmm%;

At Anode Oxidation of Fe occurs, (UHE W Fe =1 ATeRiHToT)
Fe —> Fe® +2¢7; ED =-0.44V
At Cathode Electrons are picked up by H' ions. (H* 3T&4 gR1 480 soi921S)
CO, + H,O0 — H" + HCO;
2H (ag) + 2¢" —— 2H
Thus, net reduction process at cathode (Fdie W Fal AT=TH &Fﬂﬁm‘"ﬂT)

2H+ 2 Lok S50, By =33.53V
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Net reaction of corrosion cell (H&IRUT WeT &t o1 Afafzman)
Fe + 2H" +% O, —> Fe® + H,0, By =167V
Bt

The ferrous ions so formed at the surface get oxidised to ferric state by
atmospheric O, and constitutes rust (hydrated iron (I1I) oxide)

g W 9 B A TigHTEAT O, B Y Tereen § aAfrddfiera €14 2, iR i w5
fmfor =3a @)
OTe 2+ +%0§,Z + 2H,0 — > Fe, 0, + 4H"

F9203 = X HEO —_—> F6203 7 XI{zO
Corrosion of Zinc Explanation by Over Voltage If pure zinc is
connected to a piece of copper and they are dipped in HC), the disolution or
corrosion of Zn takes place to produce Zn?'and H, is evolved over
Cu-electrode, the bubble over voltage over copper being 0.2 V.

If Zn contain any impurity (like a metal having two hydrogen), Hs is also
liberated at the copper containing part of Zn rod itself. This results in
corrosion of zine.

s sh1 HUROT 9f & S B 919 % EHS % 9y siesd HCL § ge fa=n s 2,
At SR o1 HaIRT B o el @ 31k Zn?" 921 H,, Cu Soars W fererar © iR serset
sAfeEreEa $MT 9 0.2 92 B 21 afk Zn ¥ WS ol © (W i ag e 2
BESISH ) H,, Zn 991 % HI9 9t 9r1 W Fesam 21 gl Zn w1 G&Ro7 2T 2

Prevention of Corrosion Corrosion can be prevented using following
measures

(1) By painting or coating the surface. (ii) By electroplating iron.
(ii1) By galvanisation (for Zn).

(iv) Use of anti-rust solution, e.g. Alkaline solution of some phosphates or
chromates, e.g. Sodium phosphate.

HEROT T S Fretfefiad &1 STEn @i W] | S=ie a1 su S 2
@) AT T U Hag W Fih) (i) TR H seRIiees hiF|
(iil) e (i & faw)
(iv) deqRor Ueht foe=d <1 wam

IETEIOT TP BIEHS 41 HiHC & 2y e S{-\ifesy wiesh)

X3 What is pH? Discuss one method for its determination.
pH 1 82 T Freivor & forg fepeht wee farfy wor ool swifsran -
(2015, 13]

Ans. pH Value pH of a solution i1s numerically equal to the negative
power to which 10 must be raised in order to express the hydrogen ion
concentration.
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pH W et fremm %1 pH W 10 % &0 oA %t 98 T 8, S 39 fqer W
BESISH ST TS TS HLE 7l
e.g. If (IQ) [H']=10"" then (§9) pH=x »
Mathematically, we can write (TOWE &4 8, g0 @ T )
[H'] =10"P"
log [H"] =—-pHlog 10
_~In[H"]

Hs—“=~In[H ' - In10=1
=10 n [H'] [ ]

1
. [H*]
pH may also be defined as the logarithm of the reciprocal of the hydrogen
ion concentration.

#1a: pH TF TESSH 3P % W01 % Yok &1 T 8l
Determination of pH By Using Hydrogen Electrode
(TEEIST SASIS o WaRT § pH o fraior)

The potential of a hydrogen electrode in contact with a solution of H"ions
involves the reaction,

=1n

H* + ¢ .?——"%Hz (1 atm), is given by
H oI ol e & weash § SRS W Toders aifviean
H* +e’ﬁ.r-21‘7H2 (1 IgHTSH)

¥ fou seErs fawe w1 am foe 2
= RT " s
B v = By —Fln [H*] ¢ n=1)
o ] _r° +
At 25°C, E(H,,!Hz) = E(H,,mz) + 005911 log [H']
By convention,
(H'IHg) L
= 2 s (P
E(H+}H2) =0.0591 log [H"]=-0.0591 pH

Thus, the potential of a hydrogen electrode depends on the pH value of the
solution with which it is in contact. Thus, pH of a solution can be
determined by combining a hydrogen electrode with calomel electrode
(reference electrode), to get the following cell.

T TREISH TATEIS F VA IT% W § A 9 e & pH e Wl
=l 21 T AR TRSSH W F hoide soere (T wRe) % g
e i1 T Q foreraa =1 pH 909 @ fRar <1 9 2

Pt,H, (1 atm) | H (¢c=Unknown) || 0.1 N KCl,,,, HgCly, | He
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The e.m.f of the cell is determined potentiometrically and is given by,
39 Tt i {5=T ares . o6t o 6N SR 9K S T e st R e s weRdr 2
E cell — E cell (rlght) —E cell GEft')

or K _,; =Reduction potential of right electrode — Reduction potential of left
electrode

E.q = (¥ RIS &1 191 faua) — (I sa=eis = sio=s+ faue)
E 4 =+ 0.3385— (-0.0591 pH)

or 0.0591 pH =E_;; — 0.3335
ar pH = Ece]l _033§§
0.0591
- pH = £ .oy —reduction potential of calomel electrode

0.0591

Hydrogen electrode can be used over entire pH range, but it cannot be used
1n solution containing strong reducing agents or in presence of reducible
ions, having positive electrode potentials, e.g.Cu, Ag, Au ete.

TEISH SeERTE %1 Ioi pH W % T ugea feean simn 2, g af faeam & w=et
ST B, O HHeHs Soaels fave 9t s1EEd o (SR—Cu, Ag, Au onfg) 8, @
BESIST SUSEIE ol TS &1 fohar S Wehal =)

@ 4. Why does an aqueous solution of ammonium acetate give
a mneutral response towards litmus while that of
ammonium cyanide gives slightly alkaline response?
Explain briefly.
sTeIfEe WEiee 1 Sieita e fadt faeaa % iy Seie = e,
SR STEE EAES T O suaer <Xiiar 8, =12 Suged
G E=2 RS

CH3COONH, — CH;COO™ +NHj
Hy,O ==—H" + OH"

Il [

CH,COOH NH,OH
(Weak acid) (Wealk base)
Both the acid (CH;COOH) and base (NH,OH) formed are weak and so are

feebly ionised. Thus, the solution contains neither an excess of H' ions nor
OH™ ions. So, the solution remains almost neutral.

FfRaT ® 91 877 (CHRCOOH) T 81X (NH,OH ) S €1 gt 819 & Rl AT
SEtd g €, o femw i@ | amﬁfw'}a;ﬁiqﬁ OH~ A= =i siferaar Tasil
®, siglq faaas wr: SerE ST 21

Ans.
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CH3COOCN = CH;C00™ +CN*
H,O =—H" + OH"

Il [

CH,COOH CNOH
(Weak acid) (Strong base)

The base CNOH thus formed, being scrong, ionises to a large extent, while
the acid CHz;COOH formed, being weak, ionises to a very small extent.
Thus, the solution contains an excess of free OH™ ions where by the

solution becomes alkaline.

SAfisH # 5 CNOH Wolet 817 % HR0T aifiss St €l € 9o CH,COOH g
B & U HH AT AT 2, 39 WO FEET ¥ T 91 ofuewdn 25 € am

faera aig geRfa =1 BT 2!

Q@ 5. For a salt of weak acid and strong base show that
TeleT TR Wl W &I & Tl & T gwise fop

_— W
K, =

K, [2011]

Ans. The hydrolysis of a general salt AB of this type can be represented
as

HHE 90 AB ol Siei-319927 157 y&R o gy &
AB+H,O—=HA +  BOH

Weale acid Strong base
In ionic form (3MaF® &9 ¥) |
A"+ B +H,O——=HA+B" + OH"
or A"+ H,O=—=HA+ OH"
According to the law of mass action,

_ [HANOH] . _ -
geATgurd fsha & fFEaNER, K = [AL,0] [K = constant] (f&ri=)

The molecular concentration of water remains constant, so

K x 11,07 = HAIOH]
[A]
_ {(HA}OH™] :
K, [A] kL)

where (S8) K, = hydrolysis constant. (Sie-sTgsrz" feeri=)
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The ionisation of the weak acid (14) can be represented as
geler o1 (HA) & faaem = it SR forg 9% 8
HA—=H" + A~
_ [H'][A7]
¢ [HA]
where, (ST8I) K, = ionisation constant of the acid.
(3171 =R TaasH =)
The ionic product of water (X,,) is given by
Sl =t SRR OERA (K,) i e ek o asa ©
K, = [H*]{OH"]
Dividing Eq. (i11) by (ii), we get
TR (iil) Y (i) ¥ 99 @9 W,
K, _[H'}{OH"][HA] _[OH™][HA] R
K, [H'[A] [A7]

5

e, N |
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..(31)

...(iii)

...(iv)

Q) 6. Define the terms ‘degree of hydrolysis’ and ‘hydrolysis

constant’,

ST Sqee Fealieh & SIeT- 7= h aRwifa i)

[2012]

Ans. Hydrolysis Constant The hydrolysis of a general salt AB of this

type can be represented as

Tt UEE fHoRiess 59 YaR & UM S99 AB o Sd-2319%eA o 9 v=Er fag

Hd
AB+H,O+—— HA + BOH
Weak acid Weak base

In an ionic form (34 9 ®))

A +B " +HO+— HA + BOH

Weak acid Weak base
According to the law of mass action,
Teant fhar & FrEmaER,
[HA][BOH] (K =

S = constant)
[AT](B" ][H0]

The molecular concentration of water remains constant, so
- ST W1 fvees e feR |t §, o

K x [,0] = IHAIBOH]
[A7][B"]




