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oncentvation celis .»

= A cell n Which electical enex¥gy is p¥oduced v& the +wransfesence of a substance from Dwmm?:.
of high concentwation to one at low concentwotion s known as a concentwation cell.

OR

A cell in which EMF depends upon the diffevence of concentration is called concentvation
cell.

OR

Cells in Which the EMF axises mot due to any chemical weaction but due ko transfes ..
mattex from one half-cel\ to other because ofF a diffevence n the concentration of the
species volved.

!

upes or concentyation cells:»

Concentryation cells

-

22

Electsoade-Concentuotion

N7

Elec .,_.ar,wl te - concentyation cCells
— These ove the cells In which the two
clectrodes ove of the same material which

— These av¥e the cells in Wwhich the electsodes
ove of diffesent concentrations and oave dipped

inn the same solution of thelr salt (-e. the ase dipped wmio two solutins of same
electrolyte of only one styength. electwolyte Hhough of different Al couriany T
1. Amalgum concentration cells 1. Concentyation cells without transpost o
2. Ghas concentwation cells tvanstewence.

9. Concentration cells Wwith tronsport o¥
tsons fevence.
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In thic cell, the two m_mn_&oiw._n solutions @gve mot in dirvect contont with each othex and +he
txanspowt of ions fxom One solution t0 othew does not toke place n__.qmnim_ - These awve cCalled
concentyation cells without tvamspost o¥ transtevence.
Tn ovdes +o6 wundesstand the mmi,..sw up such a cell, considey o simple eleckrochemical cell
such as

Pt, Hy(9), Hel (@) | AgCi(s), Ag

L atm

Let activity of HT jons in the solution be (a4), and that oF ci- be (a.),.

since weduction tokes place at the imrn hand electvrode Ond oxidation at +he left hand
electvode, the two half - cell veactions will be as +ollows -

T.F.F;Cr_ﬂ...;:_ nal4 cell reaction .

>wn;3+ e~ == L) (a.), t+ Ag(s) — @
Oxigaati oy hali cell vTeaction

IWI.M- ﬁ&u = I.*pru—uf e- — @

— The net ¥veaction gx._:m place in the cell for one hod.ombu of n_mnﬂlh“J is obtained fm.

o&%:m_ eq-® ond @.Thus,

LH(a) + Agails) = H¥(a)), + cim(a), + Ag(s) - @
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— Now consides the same cell With diffevence that the an_.S...M ofF HCI
Pt, H,(9), Hai(ay) | )mn_mmu. >@
latm
— The mMmet cell weaction for owne wo&o&a& ot m—mn_nﬁn._wm_ Wil Mow be as Jollows:

solution is ynow a,.

LH,(9) + Agei(s) MY (0, * (a0, * Ag(s) —®

— Finally, consider o Situation when the two cells ave connected to each othex In such
o way that .,..5mm send cuxrent in opposite dizection. Thus,

Pt,H,(8), Hcila,), Ageils), Ag | Ag.AgCI(s), Hai(a,), Hy(g), Pt
1 atm {atm
— The ovevall veackion of the combined cell fox the passage of one favaday of ﬁmawﬁn,.m& will,
evidently, be obtained by subtvacting eq & from eq. (-e.
Ht(ay, + ¢ (a), == H*t(a), + c(a) -6
Thus , fox the How of one hodﬂn_om of eleckricity , the ovevall veaction is the transter
of one ole of each H+ ond ci- ions or one mmole of Hcl, from a solution of Dn$<._.w a,

to +nhat of Q&S«u = P

— Hence, EMF of such a cell wowld be &.:RJ r.M.
AT T P S
Buats, * g ES. YR N Gy,
- RT i np..nm.w |® cooQ = rQLx ro-ﬁ

= Cot)}
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whese (ai), ond (A1), ave the mean lonic activities of the electvolyte
. W the two solutions

( )

ond Subscsipt w.o.t. stonds foxr ' without transfevence

— We Kknow that for uni-univalent n.ﬂn.«d,am.w

a=(a1)t — ®

So, eq.- (® becomes

Wwheve O, and a, O0v%e the activilies oF Hcl iny two solutions.

— It Will Obsewved +that the cell weaction does mot involve tvamsfer of electwlyte from one

golution to the other n:dmni&. It takes place Indivectly. This cell is, thewefowe, a concenbtration
cell withouk tronsfewence.

— If the Tniddle electyode, viz,, __ym‘>mn_ (s), is withdvawn , the +wo solutions ofF HCI will be in
dizsect contact with each othes. The cell will then become a concentration cell with tyansfewence.
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> Concentyation Cell With tYansSpost
— Tn these cells, the two solutions ove in divect cContact with each other. Twhe transfesence
of ions fwomm one solution to the othey toakes place o__.dmnm.&. such cells a¥e called concentyation

cells with transport ox twansterence.
Now conside¥ o concentwation cell formed _om 003535M two S&n:om@a qes electrodes n
contact with HCl solutions of diffewent concentrations.” The two solutions ove In divect contact

with each other , a5 Shown.
P, H,(9), Hal (@) | Ha(ay), H,(8), PF

Latm L atm
Rt —
«— C\~

— The =eaction on the left involves oxidation and that on the right involves weduction, as usual
- The h.o:oc..,._:m nrbsmnm ave involved +tox the flow of orne ﬂo,u.pn,o& of m.nﬁwqmn.;m“ .

Lert Hand el\leclyvdge.

l_nMT—u.ﬁmv . _l_.,TAQ.vv_. *lQ1 B @

Right Hand electyode:
J

I+hDLn+ " w—— |_m H, (?) — @

Thus, H* ions ase Qenerated at the left hand electwode and comsumed at the ,wmmf¢ -
as the cuwrent follows.
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Since the solubtions ave In divect contact With each other, the ions ave free to move From
one Solution to othex when cuxvent Flows .m:«ocmj the cell.

In the present cose, HT ions moves fvom the solution on the left hand side to thot on
¥ight hand side.

Since anions Yaove in diveckion opposite to that n Which cations move, ¢~ ions 3.&33

feom N57¢ o left side.
Lekt

Tf tvanspost Mumbex of C1= ions = +_ aiia
and twanspoxt Mmumbex of H* ions = t, = L-t_ (: t,+t_=1)

Then, tow oOve fovaday of electicity passing through |

t_ fovaday will be cavsied b
c\- lons and t, Jno,.dabm_ Um HY ions. d Se. &

>nno,qa__5m to Fovaday's Second law , t_ equivalent of ci— ions will be trans feved from solution

of activity 0, to the solution of aclivity @ ,. This may be vepresented as<
poom(edy e itientas), — @

At the same time, ¥, equivalent of H* ions wil be transfosmed from the solution of activi
a, to that of Qnic..w.m a, Wwhich may be Tepresented as

*&. H* ﬁQ.—.v—. Sl ¢+ I.# ﬁo.*,vﬂ .Illl @

— The met wesulk for the How of one .ﬂo,«ormom of- electmicity 1s summed up below:

¥
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nhand electyode ‘- The ﬁO:oESm opevations occuy abt this electwode .
> Gain oF 1 gm equivalent of H* ions by process ©
- Loss of t, gm equivalent ofF H* ions vm process (@

Net gain of Rt ions = (1-t,) gram equivalent = t_ gvam equwvalent

At the same time
Net gain of Cl=ions= t_ gvam equivalent _om process @)

Right hand electsode The ﬂo__ocu.,sm, opevations occux at +his electyode:
- loss of 1\ gm equivalent of HT ions _ou p¥ocess @
> (an of t, gsam equivalent of H* ions by process @
Net loss of HY jong = m»ufu&«p? equivalent = t _gqvam equvalent

- b

At the same time
Net loss of ci” ions = £ _ gram equivalent by process (3)

Thus , fos evewy one f%ﬁmﬁm of electricity , +theve is o net tvansfey of E_ qram equivalent
of H* ions and t_gwam of <~ ions from zight to left, e, from the solution In which
DﬁW..(._ﬁN— of Ha is Dh.-ﬁlﬁu +that 'n Which Qﬁ.ﬁm(.-ﬁd Oﬂl HCL s p..

— These Orbﬁamm axe .qmv«mmm:an as
L_H* (ay), == t_H*(a,),

t_ci-(a)), == t_ Ci~(a.),
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—The EMF of Concevntration cell with tsanspost is given wal

- RT ;. (Q+) RT ;. (8
mzﬁ. = *u..r = In ﬁD...u_l—- Wlﬂ. jﬁ.Dtu. @
'
= & BV in ﬁO.var —® a = FD.LX Ablud
= (a1), 02)"
- :

whese (@), and (A1), ove +the Mean ionic oactivities of two HA solutions.
— We Know +hat +or Lni-univalent elecktvolyte
pa
o=@+ — @
so, eq- (& becovwes

RT A2
k= in = D)

Ew.,.r
whese Q,and a, ase the ochtivities of Hcl solutions of d.wuyw
hand awnad lett hand electrodes ,.a.mmvmnﬂ,\m_m.

— Eq. ® is used for nﬁ.nF_ois& Qn¢<._...d of an mgmng,&nn at & @7\@: concen traktion
if Ew.k. and Qn¢<._¢m of one of the sSpolutisn s kKnown.
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> Liquid junction potential (Ey):>

— When two salt solutions of diffevent concentyations aye placed n contact with one another
the lops f¥om the concentvated solution wWill tend to diffuse into dilute one. |
The wsate of diffusion of each ion is P%«ox..éoﬁm_x psopostional to the speed of the ions In
the electxic field.

suppose that positive ion voves with a greater speed than the 3mm0¢<m ion . I+ means
that the positive ions fvom the concentvated solution will diffuse ahead of the ﬁmmon.EP
in the dilute solution. Thus, the dilute solution becomes vow..w?m.m nyo,qmmn_ With wvespeck to the
concentvated solution.

suppose the negative ion move fastew . Tt means +hat negative ion Will diffuse vapidly mn
dilute solution than the positive ion and +*he dilute splution mmﬂm a 3mmD¢<m nro«mm.

In both the above mentioned cases, an electrical double ,oam« ls set up at the junction of
the two solutions and thus a potential diffewence is set W at this junction. This potentid
diffevence n_.w<m.,o_gmo_ akt the junction of +two solutions ofF Jiffewent concentyations s
teymed as liquid junction potential CEy).

Fxomn the above discussion, it follows Hhat

() The liquid junction potential is due to the diffevent 45&40#.65 velocities of ions.

(i Zomd.,wtmm of liquid junction potential depends wpon welative speed of \ons.

(i) TF two lons axe 330<._5m with the saome speed,these will not be Djm :ﬁc.._nw junction ﬂO»ﬁ:ﬁﬁ..
The EMF of a concentration cell with transpoxt includes the liquid junction is given _.om

- RT (ax); _
Ew.t. 2% = in NO&: e
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— The EMF of concentvation cell without transport does not Tnclude \iquid junction potential is

mmcmj Gu

at)
mc_,._.o..w. - 2t bﬁh .

3 (@), ©

Hence, liquid junction potential Ey is given wm‘
mhu mE.R. = mcc.o..m..

. 2t lﬂl.ﬂ..c_. (o1), RT 4 (a4),

BT SnPL_l =——Jn D,
= @ ERTY
- (at- (k) e m_w. SRR
e (2t -&-t) %? ﬁw”
N

It I1s evident fsom Eq - @ that the m&j as well as the gpmﬁﬁnﬁmm of L-J-?. depends

on the tronsport mumbers of the anion ond cabion.



—
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I
t_=¢t, +hen L.J.P. =0 ox 5mm:m.&_m small

+_<t, then L JP. will be Smm9¢,<m

£ >t, then LJ.P. Will be positive anad will add to the EMF of the cell.
Potassium chloside and ammonium mnitrate avwe Dgo_Jme the ﬂ.mng,&mmm in which the
transpozt Mumbers of cationg oand onions ave 53«_& the same. The solutians of these

m_mnﬂ_o_&gw ove, thewefore, %«m@ﬁmjzm_ used as salt bridge because +he liquid junction T&mzma_
is then 7weduced to ™Minimum.
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1. Detesminatidon ot rolen

o4 W<

!
-
L
fl’-_

S
f
v

— The vaolency of mewcuvous ion was m doubt Fox o cosidesab
by dete¥mining the EWMF ot a concentration cell of the type given below:

ia time. TE was b:a:m established

Mewcury , Mevcusous mitsate solution (¢,) [| Mescuvous mMitsate ((,), Mevcury

— The saltb de&@ﬁ sepxesented ,oa the two vertical lines noﬁjanm,vw the two solutions Contains
satusated solution oF ammonium mitsate.
— The EMF of the cell | E, meﬁg._sw the onic._wm coefficients to be equal to 1, s gven w& the

mxvammmoﬁ

= — loq =2 (at 2s'c
E = 8 < ( )
I+ was Ffound that when Ca/¢c, was Lo, the EMF Was 0:0295 volt. Therefore,
the 49—msnm of Mmevcusous ion js 2 gnd it Shouwld be Tepvesented as Ime,.
9. Detexmination ofF the _p...:”.,frr_ﬁ.__:.& product constant .-

— The mo_cv,._._J product constant of o m_uoq...:m_m. soluble salt is o kind of equilibrium constant.
— Consides the salt Mx in m.nrc.:__ra,.Cg wth its igns N a saturated solution.

MX (8) =—= m*(aq)+ x- (aq)
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— The mo_c&..:wm peoduct of the salt s given _om Kg

Solution so that activities equal concentrations.
— The obove Yweaction is the cell weaction fox the .ﬂo:oﬁ.,vm cell .

p= A+t Ay- = [m¥][x7], Qmwc.ja..sm an ideal

M MmTx~ (Saturated sol-) \ Mx(s), ™M
The half cell veactions awe

R-H-E. 5
Mx(S) + e~ == M+ X

L-H.E.

M == MT(aq) + -
ovexall xeacktion
Mx(s) =—= MT(aq) + %x-(aq)"

° - °
E" = Eg-E_ (values of mw, &L E® ove taken from std eleckrode
potential at 25°c fyvom table)

— xsoE.Sm_ the value of E° Por cell under considexabion ovnd cmm@ the Tvelation:
—-—AG®= MNFE®
ox -AG&%= 2.303 RT .—.om Wwﬂ
o MFE%= 2303 RT dog Ksp

MNFE®
2:30% R7T

»om xm_ou
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2:303RT

Z.e c®= dog K
nFE g "
o 009591 "
o E = B bomXM_. at 25°%

Tous, K, <on be calculated Peom 4the known value of E°.

Detearmnation o activit Coerricients oF elechwlytes: »
\ r . .
J b

— Fox dete¥mination of an,_s_um coefficient of HC\l, considex o cell without liquid Junction

containing Hel.
- The two electrodes oxe so chosen +that one is sevessible with ¥espect to the cation of
electsolyte omad othex is Tevewsible with wespectk +o the anien

- The h;‘wﬁ pﬂhﬁqomn 'S gl.ﬂd@%ﬁ m—mﬁgmm and the OWTﬁd. con be the silvex - silvey chloride
elecksode . Dnnoqm._jm_u  the cell oﬁosmogmvw IS as ha:o&m..
Pt Ho(g)(tatm) | HA (m) | ?@QﬁmP bmﬁmy
whese ™ s the 430—9:.& of Hci solution.
The cel veaction is
< Hy(9) = )mn,nmv = Ag (s) + Rt (m) + c~-(m)
EMFE of the cell s given _ou
QI+ Dn-l

ﬁ DT_Pu:u.

E=c°- 0:0591 _om
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(+% 1 E = E®- 0.0531 ‘ro& 0.I.+ Dh_l

Because Qiu.c._wu of each _Pmnmf Dmn.m& and Hy(§) abt L atm prvesswe is taken as c:.;m_.
For uni-univalent an««oﬂawm. Qﬂﬁ&& \s Jiven rm

Qya G- = (ag)* =My = Y% m?
wheve Y+ = mean onic Qn*u,;\.;um coeHicient
™ = 450,9:«@ of Heai
hence E « E° 0.059) .pom Yo m*

- E%- 0.0591 ._bm<upl ®.0591 ._bm m*

—

ES- 2% 0.0591 ...om Yt - 2X 0:0531L™

E = E®- 0-us2dogYt —0-1182 Yog m
Reowramging

E+0-N182log m = E®°- 0-182 (_am Y+

The two Unknowns E° and Yt in above equation can be detewmvwined .um Asmomr&?m‘
the EmFs of the cell over vawsious concentrations of Ih_..,ﬁn.cmﬂsm dilute concentrations.
At infnite diluton , mm=0 ana Y+ =4 SO0 that ,.Pom Y+ = 0. Alme_D plot of © + 0'lig2 _Omg
v[s m, extrapolated to ™M=o gives E° as the 4 intexcept.

wsos,_sm the value ofF E®, Yi of HaI at any concentyakion cor be determined from EMF
data of the cell at that Concentration.
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a\i'd t r e 1P AL e S
steNTiIOwvietsiC Tisations .—»

I.?,n.p|vowm:¢._9_ of an electrode amﬂmsmw upon the concentvation of the jon to wWhich it is

oy
7

seversible in accorvdance with Newnst mﬁ‘coﬁo?

In a titsation, thexe is nrosmm in lonic concentyation wWhich can be $ollowed _om ijn.wc«,.:m the
potential of a suitable electrode.

The potentiometric titvations ave, thus, those titwations which involve the veasurement of
electsode potential with addition of the +titvant.

The end point is detexmined by _u_oin._sm a cuwve of potential versus +he wvolume of titrant
ond dmnodm..ﬁm the inflection point.

Advant t:@ e ok po tentiometxic t \ Csations. »

The N ecessary appavatus wvequived 1s mmjmuﬁ:& inexpensive, veliable and «m.pm.__m available
in ost lobosatosies.
It is momm to interpwet +Htvation curves with a Minimum of ™Methamatical eFffort.

The wethod can be used fox coloutsed solutions and in solutions where v#mnﬂvmg¢m§
occuxs duri :m, the weaction.

l?ﬁ«smwsom,mpvv:nor_o.m hod Dg_amu.m Oﬁn:cfmwo_cfgnro._wr r..,m_r mmmqmm o__,r accuracy.
— In potentiometyic titvations, sevewal compoments Asod be titrated in the same solution

Wwithout the vomw..t.:..wm of ndicatms .%wm*«m««..:& with each obhex, $or instance, iodide amd
byomide ™ay be +itrated together.

The Method ™ay be made automatic by bringing velay in opevation which Wi\ stop the
liqud From Funning from the burette Wwhen EME Yeaches a cewbain value.



Learn Chemistry Online

— (Gilass electsode
— Membrone electrode
- Qijrm_ua‘o:m elecksode

- |ﬂc.smmwm5 and go_a_ammsgﬁ, electrode

= Ixa«omms electvrode

— Antimony - >s¢.3ojm_ oxide electyod
L. Acid - Base titvations

Q. ﬁoéo.nxogmgm_n titsations

3. Oxidation- seduction titvrations

4 Precipitation tityations

e

. d
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-2 Potentiomets\|IC tityations ' >

» AcCid -base tTtwato

| )
-
Ry
v

- The neutsilisation of acids and bases ase always accompanied by change in the concentration of

1+o«OI..,_oﬁT..n.ﬁror&ymmo_cﬁojv.._w..mmimms«.ﬁ)o& hgjdvogen clectrode Moy be used in
these titvations.

— The wefevence electsode used in this case is N- calomal electrode.
— The oppavatus used for acid base titwations is shown In h_.mc,..m L
A xnown volume of the acid to be titwated i kept in a bealkey
roz._ﬁm an automatic stiwes. It also has a Standasd hydwogen
electsode . Tt is Connected to a N-calomel electrode through o salt
b¥idge. The 5&%0&05 and colomel electsodes ase connected to o
potentiometes , ana the EMF of the solution s Tecowded. Aftex
the each addition of bose fyom busette into the beaker, the EMF
s weasuved. TThis proceduse is conkinued . Then the Vvalues of EMF

axe plotted Q@P..ﬁmn the ™! of bose added and a cuwve is obtained as shown n .Pm.w.
— The potential of ony hydrogen electyode 1 given by

ﬂ..ac..._m &

E=E%-0:0591 log HY ak 25°¢ P e
E = E°+ 0:0591pH (o pH= —LogHT) = T
— Thus, the change In EMF of a cell is peopostion to the change 7 -
in pH duving weaction . The poink wheve the EMF incyeases at 18 L pout
one gives ...@.n. end point. This ethod is Mokt vewy accuwate. R N VR PRl

— Fo¥ move sotisfoctory Method of debecting the endpownt AE/pv

ﬂ,mcam 2.
s m__of.nn_ Ouo.wsmm V.
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Complexometsic titvation can be Ffollowed Wwith an electvode of metal whose ion is involved 'Mm
complex fowmation.

Fox example, o Silver electsode ™ay fmcmﬁmﬁo.ﬂo:oru.mf.m.ﬂ._gbﬂgboﬁw ﬁdOj..-mm .ﬂojg.l.for
standaxd silvex solution.

e potential of the silvew cleckyode s m..cmd 6& lﬂo:orugm mn_‘co,m_Oﬁ
E = E? 4+ 0:0831 ,._,omﬁbm+|._ (25c) —©

e silvex ion concentyation wWill be detexminedby +he equilibyium constant For the complex
Lowmation .

.Pm.q + 2CN” = >mhhzup| - @

CAgCcns ]
L rmd Ccn)?

Kg = — @

Tn this case, solid silver naod_mm _umm..jm to be precipited soon aftew the m@ﬁ,\o._m.an.m point

A small addition of silvex does miethes hro:pmm the conwentration of- the complex Mox ofF
the silver ion to any extent,; S0 that the

titration curve has oawn almost horizontal porti on
w:ﬁi& after the equivalence pomnt.

Potenbiometsic end-point detection has been chmmﬁE& applied to EITA titwations voqInc._nim
by Reilley (19s9),
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> _,U.. A r-J A0 N e aulcC c\ oN OY edoX +.l_ _.. 50\ ci10 _,!._ 37

— Like acid- base titwations, the sedox titvations axe also cawxied out vowmsmogmﬂ_.._n.n:u.

_ In this case, the electvode vwevewsible With wespect to HY ion is ¥eplaced _om on inext metal
such as platinum wi¥e , immessed in a solution centaining both the oxidised ond seduced
foxms of same species. The electvode acts as an oxidation- weduction electrode.

— Let us considew -+the wedox veaction involving oxidation ot Fe*Z ions Um Cetdjons.

Fe** (aq.) 4+ Co™¥ (0q) == Fe'’(aq) 4 Ce*?(aq.) -®

— With the presence of both the Fe'® ana Fet3 ions, the electvode behaves as an oxidation-
seduction clectyode whose potential, Dnnodn:jm +o the Newnst equation is m._<,m5 by-

RT . [Fe*]
- B, &
F = Fa PF L TreS @
o ﬁﬂ.p.*uuvu -
) - ES,+ 0-0S21 Jog y T at 25'¢ (@
— For Ce*%/Cet3
Cca*?) —®

o e
E= Eg + 00521 log Tcer

— At the equivalence point, [re*]-[ce**) ond [Fe**]=[ce®] 5o that the electyode potential ot

equivalence point |
Fetd +4)
Eeq E° +0-0591 Lo Ii.ll_w = g° . LCet®)
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The above equations may be wW3yitten as

CFe*3)
B o "
mm.P. = E ¥ 0-0591 x_rom .Ilﬁ_umt.u _g @
+4
ond Eeq = E° + 0-053l bomE — ®

— Adding and m,..B:.;..&..an. th?:& in mind that at equivalence pont
[Fe+r]) = [ce*®) anad (re™] = [ce*?]

ﬁﬂﬂ;:.lw

[ Fet3)

CFet*3]

o -
Fren] + ES + 0-0531 log

2Eeq = EG + 0-0531 apom

(433 ulmmnfu. mwo._.mou.
_ Ef+ED
or Eeq= = ©)

— For poentiomeltsic measusments |, the oxidation —veduction electxoae Nc._w‘vmp Fa¥ ve*") s
combined with a wefevence electsode, e-g. Calomal electrode , to fowm a galvanic cell s
(e xepsesented as

Hg, Hg,Cly (), Kel (sat- sol-) | Fe™, Fe*d; PE

_ Refose the equivalence point, the EMF of cell would be given rm

] a
E=E_-Eg=Eag+ 0:-059L ...om mmwnﬁw = Ecalomal

= 0.77 + 0-0591 log .WMMW -0-2¢ —(9
e
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ond ofter the equivalence point, EMF of cellis given by
[Cet*4)
E =161+ 0-0591log -0-24 —(9

ﬁhﬁ.*.“wlu
At the mn_‘cbé&mdnb Point, Os Q_qmﬁa& discussed, the EMF of cell is &._Sms w¥
E= OT1+1°6)\ - Bida l@

2

— The EMF of the cell ¢ mMmeasured vogjﬂogmﬁd,,ﬁp:nw at each m¢c&m ol titvabtion and the

EMF dota +hus obtained ave pvocessed fow the equivalence point.
— The Tsedox titsation cuwxve is mxnnin,_ gimila¥ to the adid-lbase titwation <urve.
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= ¥ __._,_u.__r;..f_r;__,_j clI TratioONnNs (&

— Suppose solution of silvey Mitvate is standoxdise wm i tvating Qmp._sww a standavd solution of
potassium chloxide.

— The silvex electsode is used as the Indicatox clectyode W this case.

- The potential of the half cell, >m+\ )m_ is Measused G& no.:_:mnﬁ:m i\t With calomel electrode.

- The solution is titvated agawnst a standazd solution of potassium chlox¥ide the steength of

which is about 10 times highes.
- As the weaction pwoceeds, the Ag' ions get grodually puecipitated as silvex chloride.

Ag* + NOg + (Kt+crIr) == AgCl ¥ + K7+ NoF

— The concentsokion of Ag" lons goes on dec¥easing and hence the potential of the silvew
electyode goes on mmndmn.w.,jm noj*.,:rrocm_m on _u«omdmmm?__m addition of Kc| solution.
— Twe potential of silver electrode onnoam._j@ t+o Nevnst equationis Qiven wm.

Eey = Eaq + 0:0531 log [AgT] (at 25%)
— The electsode potential twill nrnsmm mforz,m at fivst but mMore and mose d.o..e._i_& as the end
point  appxoaches.

— At the end point, the concentsation of >&1 ions is vexy smal due to w_..mf¢ mo,cw.__#u of mmn_.

Hence, the change in electsode potential is mnaximum at the end point.
_ If the oddition of KC| is continued Puvthex, the concentsation of AgT ions yewmains almost

una ftfected except Fox V swnall decwease on account of the common Ton etfect .
- The oddition of Kc| amaoja the ewnd point, theve, cause 05& Qa mSQ:D_:o:mm n potential.
~ The titration cuwe is same 0s in the case of acid-base tityation.
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JEHTMITION r.u._. m_ 1 ANa w-u.:., o ¥ -

(
r - - . ~ 1/ .ﬁ.. g ~
-~ paa " | . ) 1 & S '8 ' A L o rd
Eal L. OMNME ) EOAQUCT o1 Wwales (B ) D1 SS0C con -

— Puve water s essentially a covalent compound. However, it ionises very slightly ond the
following equilibsium is established :
H,0 = HY +-0H" — e
whese HY = A hydvogen ioNn
OH™ = A hydzoxyl iom

— The wemoval of one owbital electron from ranqomm.) atom gives the positive ramqommj iom
ox hydsogen cation  which is in fact o bave proton.

— The baxe py¥oton has no sepaxvate existance in sSolution ond owes its mo.FG.:._...M of seluvation
by & watey molecule to give the hydyonium ion, HZo™,

— The ionisation equilibwium of watex is thus wepvesented Ynoxe Dnnc,qonm_m as-.

2HO0 = H 0" + on~ - (@

— However, as wany qualitative ond quantitative considewations wyemain mmmgm&_m_ same fox
the unsolvated ond solvated pyoton, it s usual for Covnvenience to wefer to the umsolvated
pvoton, H*,

— On nrv_u_a._:m the law of mass action to eq @, we mmr.

K= Tomsation constont = Defined
H+i[on
K= L hﬂ.ulku ) ©) 0s the pyvoduct of covncentration of

H¥* and OH~ ions exprsessed in
g¥am ions pewr litve.
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— As waoter is |onised to very slight extent (about L in 107 watex molecules) , the concentvation
of watex molecules is cmqm 54@0 as nogmoﬁ.‘mﬂ_ With HY and pH™ ons so that 1t can be
segarvded as vdchmnp:m constant.

Thesefore eq. @ "ay be wsitten as
K= % [Hp) = [utlfon ] — @
whese K,y = Tonic prvoduct ofF watew

— ﬁovmcnﬁwiﬁu measurements sShow that in puve water,

LH*] = hp=? Tole /litke at 25° ¢
— Fusthertnose in pure (ater
[n+)=Lon]
Thevefowe eq-(4) ™ay wwitken as
Kw= L10-7]101077]
or Kw= 107" mole/litbve ot 25°c —-®

— For all aqueous solutions, the pwoduct of [H+] ond[oH-]) is constant at constant tewperature.
— 1f ext¥a HY lons ave intwoduced , the ionisation ofF H,0 is supressed to the point ot Which
CutlLon-] = 107'% mﬂg..,o«_m f extya. oM™ ions ave intvoduced ,the {onisation of Woter is agoin

supressed to Waintain the constancy of [H)[on),
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- pH .<__<.r.an.u__ e
— Fsom eq. @ and B, we have
[w)lon-] =107 — (©

In case of puve watex  [wt] = (onH)
Thevefore, equation @) becomes as
(W) [u+)=0"'*

[K+] = 10~/
— T+ means 1E the concenbtyotion oF H* ions in solubdon ts L Xxl1o~7 gm ions perw litre, it

s Mmeubtsal and iF more, v is acidic and iF less it is alkaline. Thus the oa..m..».m oY
D:S:Zw& of the solution con be expressed 1 the temms of ks HY lon concenbtwation.

— Tt is mot very convenient to expwess acidity ond vom._n_,f in texms of Ht fons as its
volues ase Cmﬁﬁ.:u very w39:.umvmnﬂo=m in case of Emp.ﬂ_m lonised subsbtances.
— In ovder to ovevwme this n:h.rnEﬁM , S-P. sbrvenson, Danish biochemist in 1903 intvoduced
o new NMotation to express the Kt lon concentsations. Ponox%:m to Him, the pH of solubion
is, € numezically equal to the negative power to which 10 Must be raised n ovdex
to express the HY jon cConcentration.”
[R*]= 107P"

o¥ _ommIJuim:Pomho
o¥ jon Lwet] = ~po (-~ loglo=1L)
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pH= —Jog[H*)

- @

Hence pH is the 5mmo¢<m. 3&0«._;.3 ol yamqomms ion concentrotion.

— Fox¥x puse water o¥ mMeubral

(sl 3

The pH of meutral solubion is *.
In acidic solution [H+1> 1077 thevelor pH <7

- Iwn oalkaline solubion

solution 1s acidic,

L

Solubion

[R¥)= 1x 107"
Ixﬁou_ﬂ_Olqu

Ti
_..VI

..ﬂn

in which

Pure water and
All neutral solution
Acidic Solutions — Basic solutions
A A

[on-] > LH*] and thewefore [on)>10"7 and [(H¥]< 10" thewfore pH Y7,
Thus, if pH value of a solution is + , it is meutval. ¢ pH value s less than 7, the

and if it is Mmorse than 3, the solution
A pH scale Yanges from O to \&. This is shown in ad:oS.Sm Pmﬁm.

is o\Kaline.

r

pH—s0 1 2 3 4 56 7

.

N
8 9 10 11 1213 14+ pH

-

-

J

Y

>[OM"]

[H,0

']

1

(H,0)*=[OH")

[Hy0°1<(OH)
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— Just as pH is used to indicate hydwogen lon concentyation, pOH is used to indicake the
fazqox&_ lon concentyation. Thus,

pOH = —log[on] — ®

— JTonic pyoduct of water , Ky, is expressed in a similax ™Monne¥ as

_U_AE = Ibom Kw
— We Xnow that
Kw = [H*]JLon"]
taking _omm ond Yeversing Sign , we have
- ._.om Kw = I.pom Chtl - ..,om Lon]
pKw = pH 4+ pOH — @
This welationship holds good for water as well as for any aqueous solution.
— Since K OF 25°c is abouk 1014  pKuw 1S 1L 4.0 . Hence,
PR + pOH = 1 4
- We ™oy also wepsesent dissoclation constants of ocids and bases (kg and Kp) in

the ﬁo:oc.v._sm exXpressions.
_u_AO = I.;Fo& Ka — 6

Qand w...ﬁr = I.PO@ IU - @
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0 PN 1S1N¢ \WATOA S eléctsoac —»
DY \ r.___.,“r.__. __Qr__m _,,J = acC

' " o - | - = _-§
pEtesmmmavtion A\ m

- The 7&&0@05 electrode in contact with o solution of H* jons involves .ﬂo:oE.S@ seaction

Ht+e~ = L H, (L atwm)
> The potential of hydwogen electwode s given gy Newnst equation

Eel = Eey + 2-303 .w..u.ﬁ dog [H¥]

By Convention, = EY, , ¢-e., the standard electsode potential of hydvogen eleckrode, is zewo,

mﬁ.P - p.wnvﬂ\.w RT :PO@ _HI...H
o¥ Egy = 0:0531 log [H*)
o Egy = —0°0531pH h v:n:b@m:&v

— Thus, the potential ofF a ymmqomms clectvode depends upon the pH of the solution with
which 1t is in contact,

- The potential of hydvogen electvode can be detexmined by combiving the hydyogen electrode
with a vefevence electsode, say, calomel electrode.

— The comwplete cell is 7Tepresented as

P, By (L otw), HY (C=unknown) || Kei (sot. sol-), Hg, ©2(8), Hg
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- The EMF of the cell is dete¥mined potentiome txically. This is given am

E = 0-2422—(-0:05S31pH)
o¥ 0-0591pH = E- 0-2422

E-0.2422
O-0591

o pH =
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Q quinhydrone electyoae .=
— The quinone - fuadop‘c..:o:m mmmﬁnB .Scome the ._wo:ocrsm mJ‘E_,.od:.zd

DetesmMmination o+ f._ r_,r;Z A

CeHqeOy + 2HT + 26 = C(CgHgO
Quinane h& Iamqo@?_ none @ H,)

~ For the weduction veaction given above, the potential developed on a platinum electrode
wmersed in this system 1s given by the Newnst equation as

s = E2u- T e ﬁwwxmwap — @
. B N.Mwnaw... Log mBMQﬁx_.Mun A
- B pwou...ﬁ fog m%mu., m.upwm BT 2 10g0H*]

° 2.303RT (el w.wom RT _
= Ees ¥ T dog mezb F tegiutd ©
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— Imstead of taking quinone and hydryoquinone, a small amount of quinhydrone is taken which

s an equimolax compound of quinone (Q) and hydroquinone (QH,).
— Since :amﬂop\ﬁsoﬁm (OH;) is a weak acid, its ionisation is very s mall voimnﬁ_oa‘_u i£ the pH

ob the solution is less than *+. Thevefore, the concentration of hgdvoquinone (@QWa) is same
as that of quinone (@), ¢e- the quantity Lal/[aH.] is Unity - The widdle texm of eq.3, thewefore

seduces to zexo. Hence,
2.-303RT
at 2s5°c

= mom.r + 0.0591 .pom Crt]

 pH=—loglH*]

= + 0-06936 V

Eey= Bty 0:0591pH — @
-

— The stondawvd electrode potential of quinhydrone electrode |, E,
Eey = +0'06336-0.059L pH — (®
electsode, depends Upon the

= Thus, the potential of the quinhydvone electrode, like hydwogen
pH of the Solution With which it Is in contoct |, ie., the quin an_ﬁ.ﬁm clectrode behave as

o. *eversible saadomm.: electyode. noﬁmmﬁc»n:w_m__ this eleckvode con be used fov §nomc55m pH

values of solutions,
9&%5& o. pinch of Dxﬁﬁsmmqoﬁm to the solubion Uunder examination and ,_Smm,..m:m a clean
e electrode gives accurate wesults

39K,5m mfmngnp_ﬂojjmnmoq,.;?
which Usually interfese With Wwovking of hydregen clectrode

— This electrsode \s _u«m__..mdmn. to the 5&&.«0&@5 electyode as it can be setup ﬂom.,_m U& ?mqm_m

platinum elect¥ode fo
even 1n the preserce of oxidis

nq ions
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— The @Ejrmadosm electyode s combined Wwith a saturated colomel electrode to form a cell . The
combination ™ay be vepsesented as

Hg, Hg2Q, (), KCi(sat. sol)ll HY (unknown canc)@, @H,; PE
The EME of above cell is m.,Smj Uu
E=Eg-E,

E = (0-6996-0-0591pH) -0-2422 at 25°C

oY 0-0S91 pH = 0-639%6 - Q-2422-E
0 6-0-2422-E
p_— pH = 693 @
0:-0531l
Livvw tations o q i nh o axone eleclydac >

— The quinhydvone electvode cawnot be used for solution of pH Mmove than 8. In Mmove alkKaline
solution , 5&&40@3505& \onises Q.E«mn..o&_u as an acid ond also gets oxidised pawtly by
otomsphexic oxygen- This alters the mowxmal equilibyium between quinone and hydroquinone
which $oxms the basis of the obove equation,
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— When o glass suxrta
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DetermmMAtion Or ph USing & iass glectyoae >

—— g}

is developed between the glass and the solution.
— The gm?.gn_m of this potential diffevence for a m..<ms <oa..m¢¢ of m,bmm vasies with +he

concenbtvation

thus, Runctions i the some wannex as o Tweversible hydwogen clectrode.

Eg = Eq, + 0:0591 log LH*)

of the hydrogen ions and , at 2s5% ,is given by the mm\cn.m,oj.

— ©

Eg = Eg, — 0-059LpH — @ (- .qu.Jeomm:J )

Wheve Eg, s o constant for the given glass clectyode .
_The electsode weacton is assumed +o Wnvolve +the vweduction of H* ions. The glass electrode,

- The glass clecwode is ™Made of a special glass of

sel D¢_<®Lm low "Melkin

the bottom of o glass tube.

_ A solution of 0.1 vaelay HCl, which fuwmishes a constant H*
jon concentration,is placed nside the bulb and o Ag, Ag<!
electypde o¥ o simyply a platinum Wixe is inseyted to Make

electrical contact. ,
~The wefevence electyode employed is usually the calomel
electsode- The cellis Tepresented as

Pt

2

0L M Hcl .m_pmm | Expevimental sol-| ke (satsol.) Hg2

q

point Qnd 7..@7 electrical nojmcnﬁ_.c._wm.
Tt is blown in the Fowm of a bulb which is then sealed to

2(5), IM

e~

Glass
n_a..._:x_/—mmw

LR

Vacuum tube

AR ER NN

ce s Kept in contact with a solution nosdnbs._:m r&m«o&mj lons, a_ potential

KCl said.

_\ solution

-l ~Hg

/
0-1MHCI  Hg+Hg,Cl,

Calomel electrode

Detevmination of pH using glass electwode
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— The EMF of such a cell can be deteymined conveniently by means of a potentiometey. Since

the potential of the Calomel clectwode is known , that of the glass glectvode con be mom.,_m
calculated and the pH of the experimental solution s evaluoted .

_ The volue of EZ is fivst oObtained by wosking with solutions of~ known pH.
~ The pH of the solution is given by

by mm.u 0-2422-E
T y

at 25°c
0:-0591

- The m_pmm electsode has a Numbex of Dn_<05¢9wmm over other clectrodes, It can be used

even n m?ojm ox,.n:m,.:m solubions which intexefexe even With @Ejrm_m.qozn. electrode.
— It can a\so be used in the pwesence of =metallic ions, poisons etc.

— It is simple to operate and is, thewefore, mxﬁwsm.,ﬁm_m used in chemical, ._5nc.wgo_\omd,,|
cultuwval agnd U:u.o&.ﬂhb._ laboratories.
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» BuHer solutions:»
A bufferx solution is one ohich con vesist osojum n its pH on the addition of an acid or a base.

OR
Such solutions which oppose the nrosmm in theix pH on addition of small amount of an acid or o

base o¥e called buffexr solutions.

Conside¥ a solution of sodium chioside in Wwaters. Tis PH is 7. The addition of even LMl of 1m
HCl to one litve of sodium chloxide solution lowervs +the pH of the solution from 7 to about 3.
similovly, the oddition of Lwi of LM NaOH solution to one litre of sedium chloride Solution voises
4he pH of the solution Hrom 7 to about LL. Sodium chloride solution, thevefove, s Mot a buler.
The pH of an cqueous solutien of ammonium acetate is also 7. But the oddition of the seme
amount of acid or alkali, as the one added n the case of sodium chiowide solution, does ok

cause 05& Dﬁvdmn.wpv_m altevyation n the _UI of ammonium acetate solution. Thus , ammonium acetute

solution is~ o buffer as t can vesist altevationg n its PH On the addition of an acid or a base.
ot ?

c.cju 0 Solution oF ommonium acetate is O bulHfer ...ru_ﬂ__& thot of Sodium cChloxide 1S M«
Avomonium acetate , exists almost Qi”,_,qm_& in the foam of its lons, viz, NH, ona CH,C00™ iens.
IF an acid is added to this solution | the H*t ions fuwnished a& the acid combine with acetate
ione to Lfoxm EmPIM dissociated wmolecules ofF acetic acid:
CHaCO0™ + H+ —5 CH,COOH
E@Dx,m dissociated

Since wmost of HT {ens odded ove token Up by acetate jons t® fowm acebic acid which
itself is os._m_ mzmsﬁm dissodiated, the HYT ion concewntyation Gpn) of awmmornium acetate solubiow nroSm._nm

oj_m m:atﬁ&.
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— Now, suppose a base is added to ammonium ocetate scolution. The OH- ions fuwnished _oa the base will
be token wp wm NHa* ions to foxm Emmrﬁ dissociated WNH,LOM.

NHa" + OHT —— NH4O0H
Weakly dissociated

since most of the OH- ions added ave taken wp G& NH4' ions to ~Fowvm weakly dissociated
NH4,OH , these s <mu\m little orosmm n the pH of awmomium acetate sslution.
— Buffer solutions 0ve considesed to possess weverse Dn..%mm as well as yeverse D:S....:?.&.?&
oammonium acetate has weverse Dn,_m._.nm due to presence of NH4 ioms and yeverse O_KD__..:_.Q due to
the presence of CHzc00™ ions.

— Sodium chlovide solution Is mot buffes. Tn aqueous solution it

is almoskt m:ian_a dissociated
inte Na* and cr ions. 1If H* ions

added to this solution , the Jan..q.omm.s ion concentration
inczeases, ce., the pH falis ﬂggmmmbgﬁ_. Because HaQ, likely to be fowmed, is itself olmost

completely dissociated. If oW~ ions ave added to +he solution, the pH wises . Because NaOH,
likkely to be fowmed, is itself almost nog_&m*n_& dissoci ated.

]
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- The Capacity ,m_;. a solution to vesist altevation in its pH, i€ Known as ibs buHe v Capacity.
- Van Slyke intvoduced a .n_.:bs.m...mu caolled buHex mdex, B, as o quantitative WMeasuve of the buffex
nbvpn,&m. It is defined as
dB
d (™)
wWhese dB = The incvement of a wwa\os& base added to a bufex solution.
d(pv) = The vwesulting increment in pH.
% The o_\cost.mm dB s m..cmj wn 'oles per 1000 gm of the sslvent.
— B 18 D_Sbmw o positive orcos.mﬁm. . .
~ Addition of a mﬁdsm acid s m@E<9.m5_.. t0o —dB,c.e. a 5mm0¢<& 39%3@5»‘ of base and +to
—dpH ( Since pH decveases on the addition of the acid). Hence, B Temauns positive.

> RV,
—a(pv)
— The value of B depends Tot 05.& on the matuve of the buffer, but also on the pH, which is

detexmmed _um the vwelabve concentrations of the acid and its hoﬁ,._c&o? base.
e.g. Fox CH,CooH- CH,cO00Na wamdmﬁ: buflexr functions best avound its pKa value of 4.7¢

“"
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ourtcy ) &

— A butfter solution consist of a weak acid and its salt solution Cacidic buffer) or a weak base and
its salt solution (basic buffer).

S QC\on

L purey .

— Considey a mixtuse of sodium acetate and acetic acid in water.

CHjC00H === CHyco0™ + H* (Weaky iomised)

CH3C00™ + Not (completely ionised)
— Suppose o mgzujw acid 5 added to the agbove wixturve . The H+ ions added will be taken up
'_sgjmnr&..pwm_u vm_ CH,con™ ions to foxm qum m:mfﬁu dissociated ¢

R

I.whOD i

HY + CHz00~™ —» CH,Cco0H ﬁccmpx,& jonised)

Thus, the HT ions added ove meutrilised cm the acetate ionse present in the mixture . Theve
is vewy little change n +the pH of the mixture.

1f, on the othey hand, a mg,odm base 15 added, the OH- onS added ave meubnlised aa the acetic
acid preseent in the mixtuye:

OH™ + CHiCo0H —> CH,Co0™ + H,0
Thus, D.wo.,.s theve is very little O:ojmm in the pH of the wixbhuxe.
— For the above buffer mixture ~reverse Dn;:am e due t® cH,cooH and weverse _oommn.;m is due
to ChH,coo0™ ions.

ACTION O% Dasic DUHET >

— Consider o Mxture of ommonium :am,.\ax:.n and ammonium chlovide.

NHAOH =—= NH] 4+ OH" hEmPrfm ionised)

NH4Cl === NHS + c\~ hno§in+n_w ionised)
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-~ I o mw«ij acid s added ,the HY ions odded arve Meutwilised wm the base NH4OH.

4
HT + NH, 0K —> NH,/ + H0

- It a stiong base s added | the OH- ions added ave meultnlised Um NHF ions.
O™ + NHJS —> NHLOH (weakly lonised)

— In this case, weverse Dn._minu is due to NH. ions and Teverse Ucm._n.inm is due tv NHLOH.
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\ Jeak acia

\Te - anga 1|1 Fenaey ) Ha balc
— Considey a buffer solution noﬁﬁnrwj_.:m a Wweak acid HA awnd

. \ts T.,my._& dissociated salt BA.
— The ionisotion of weak acid is vepvesented as:

HA = HY + A~

oy ks EMOLA)
“ [HAJ

]
(s} 1 _”I..u « Ko ﬁthth G @

Whese K, = Dissociation constant of the weak acid.

— The salt BA is almost no«dimwm_m ionised . Thus, fwmr concentration of the A~ ions pwovided _uu

almost complete lonisation of the salt BA Supresses the ionisation of the weak acid, so that
it ™ay be assumed that the free A~ ione ave awdw._%m_& due to the salt. Thus

LA™] = [salt]

and LHA]= [Acid]
mFUmW.zncism these values in eq.

m - (salt])
Taking logawithm of both sides, we get

Log (4] - dogia + Log £2503
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Acid]
o pH = XOlL..OMIﬁﬁ..mn,Mlﬁd ﬁ ﬁIulbomﬁI+u ‘ _uro,u-bomxpu
o¥ PH = Kg+ kom _NMM_.“W_ @

Eq. @ s called Hendewson- Hasselbalch equation.

- mmom&
[on] = x_o..llmmn_ﬂ
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Jd¥0IUSIS OoFf Salt
Puve water is Empr,& wonised into H* and OH- ions as:
H,0 == H* « OHW-
The concentyation of K+ and OH- ione is same . Pure water, thevelose, is Meutral.
(r+*] = LoH-)
When o solt is dissolved in water, it ionises into jons.
€-39- The solt AB wil lonise as

AB > AT+ BT

The ions of the salk ™ay veact with +he jons of water to give.
AY + OH™ — AOH
B"+ H* za HB

Now the solution will be acadic o¥ alkalme nf.._.nd&ﬁm upon the welative m..u‘msm;m of the acdid

HB and the base ADOH.
1§ the acid s mw.djm ond the base 1s weak , then the solution will be acdidic in Mmature.

1§ the base is strong and the acid s weak, then the solution will be basic 'n Mature.
The phencmenon in EA...F: a salt intevacts with watey to produce eithewr on acdidic ox basic

solution is tewmed as faa_do_au._m.
Actually hydvolysis ivvolves the intevaction of the loms of a salt with loater to produce H+ ox oW~ ions

in solution- Thus it ™ay be defined as:
“The intevaction between *the jons of salt ana the ions oF water to given fee H* or on-
ions vn selubtion.”



HY and OH~ ions m..c,_dm watevw ,

ions.
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= Iamdo_uw.,m ™ay be consideved as the ¥everse of meutrilisation. Neutrilisation involves the combination

I&mﬂo_mmw? on the othey hand, leads to +the fowmation of H* or OH~

— Salts way be divided wto foux ﬁb*mmoimm.}

| alts 013

— Salts of stson

STtg0onNg

'd
J

acias Ovvgd sSOro DASES ¥

Ya
d

9 acids and mgo.)m bases do Mot S&L«O_&mm. Because possible products of such

?wmﬂonﬁojmoim+rm§mm.<me_30w¢ ﬁO?m_nwm_m n:mmon._bp.mm. hosmﬂﬁﬁnsﬁ&. theve 1s Mo nrojmm n
the concenltsations of Ht ond oM~ lons ond +the solution Yemame<e meutral.

Examples - NaCl, KCl, Na,S0, ,K;S0, etc.

1lEs Oof wealk

Nac<l —> MNa' +cCi-

H,0 —> HY oW

Na*t 4+ OH™ — NaOH hrwmr_& lonised )
HtY + CI- = HcCI mrmmr_m ionised)

.

DasSes’l—»

acias ana -

~1

— These salts m.:\m alKaline mo_cﬁoﬁ wWwhen dissclved '"m» water.

— Thus the solution has move of own-

[}

- Examples: - Nao 2

¢o,,

CH4C00Na —» CH3C00™ + Na*
H,0 —> Ht 4+ OH-
aC00™ + K+ » CH Co0H mccnpr.m_ ionised)
Nat 4o~ = NadH ( rmmfm jonised)

CH

ions than the HY ions. Hence, it is alkaline W wmature.
KCN etc.
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i1 DEAars DASE

= These salts v«o.m_cnm acidic solutions when dissolved n wates.
NH_ CI —> NHD +caI-
H,0 > HY¥ 4 oH-
NH . + o4~ —=> WNH,0oH hEme,& \onised)
HY +C\- > HC) ﬁ?.@y_& ionised)
Thus, solution has a ﬂoq@xm Concentration ofF HT ions +han the OH- ions. Hence the Solution is
acidic W MNatuvre. Example:- CuSDs etc.

-

Salts . wearx acio AnNa WEearK DASES .
- Such salts give acidic ov¥ basic o¥ even Weutral mo.ciosn- n_mvmso__.:m upon the mature o the
acid ond the base pvoduced,when dissolved in water.
CHyCOONH, —> CH5(00™ + NH*
Ho = HT +0H-
CH,CO0" + M+ » CHycooH hrumo%..& \onised)
NHL' +0H” > NH40H (wealkly iomised)
Both products ore Empx_m lonised . therefore, Oncentrationse of HY and OH- o¥e same. Hence,
the solubion is Mmeukyal.

— JIn Caose Dhq QIFVPOOM . the colution \s M—_&Ti& basic gﬁafm.m ZI.POI

s «m_om.._e.m_m a mqo.jmmx.
base than the H,c0, add.
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»

— When wetals ove exposed to atmosphersic condition +rm& yeact wWith aivy and Watey in the envivonMment
to form wUndesivoble compounds, ch.p:m_ oxides. TWis py¥ocess is called cowvoSion.

— Almost all metals except the less “yeactive metals such as gold , platinum and paliadium, c.ﬁmn«mo
CO¥sOSIiOoN.

Iﬂo,amxﬁéim-mzcm,qﬁoﬂj.,mrmm‘nom%muo_ncm_o_bmD geen noo&:m. ,mpmo,qmwe..s_mmmm*mn_ﬁomm.mrm._«—cuﬁc«n
to cowosion.

— The cowosion s defined as “ the chemical or electrochemical seackion between o matesial , usually o

metal , and its envisonment that pyoduces o deteriovation of the Matexial and its properties.”

1D W COTWTOSION
HPpE:

\J

[

nenevol o uMmrowvm Cowyosion'. -2

— TIn this cosvosion, therve is a unifoxm decrease In the volume of metal and soluble cowsosion ?.&Ef
ase Yormed.

— Example:- oxidation oand &Daimsgm of Tnetals.

S E XD o) o P

bl
riciimg COas QoI .

-~ Tn this co¥¥osion, pits ave formed on the surface.
— ?Tsjmm is Cmc.np:n..._ +the vesult of the brveakdown or D‘mnnrwsm of +the protective Filmw.

vice COEsO0ooI1on. &

— Tx is o local cowrosSion ond 1S Created by divt deposits, co¥vosion products cyack in pPaint nboﬁdln.

a. L TDEIN COXE 0SON. >

— Tt is chavacterised by the fowmation of thvead like filoments of cowvosion products on the surface
of the metal coated with paint film when exposed +to humid atmosphere.
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NMETGYa
J

— T4 is found in D:om metals.

>

— This type of cowvxosion takes place because of loss of cohesrence between the m-\n.“_:m.

i =1 . C -4\ 42 aall ™
15N CATOWGALIO N AYI O Se|lectve (Cacniyig ’

This J:,n of Cowvrosion involves the selective semoval of one ?mw&mm_mar\o-nrm?wmp_ active) from
cevstain D:cam under cewstcun envisonmental conditions .

b o o 5 . A AN 2
MNATST VI NS COTFEOSI01 ?

When wates s stoved in a steel tonk, it is genevally found that +the naximum covrosion takes
place along a line just beneath of level of wotex Mmeniscus.

) —— A . =yOn >

|Mk_.wmmb.dmmomDndenxwoﬂ.@.mojmcm&o mmgﬁgjnocmmnmnnwwoﬁmwdm.hkm«m.._m mﬁmjm.? Dﬁnw
COEYDSIO0).

S - J ( VI O ~ ) >

This cowrosion depends on Dnmm.}do.ﬂ soil, lmu«mﬂ of geration, electsical no.vn_:nISth sa\t Contents,
psesence of bactevia and émndonodmos._ug ond sSoil texture.

¥ g - o b, - f L W o [ - ~ TS -
MicTsOoDIal COSEDSION 4

= TS QpTeaim Sieuess nen O¥ganiem produce an electson Hlow, .a\,mmrr_ﬁd& n wodification of the
local envizvonment to Co¥¥0Sive one.
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electrochemical O Wet oy \MMersed tNEo 0\4 e P
p

-

— This tsmoam is based on Newnst ?no‘am- Dnnou%jm to which all metals have ,...ms.__mjnm to pass into

solution.
— The tendency of metol to pass into Solubion when immersed into Solution of its salt is measuved

in texms of electvade potential.
— If a metal hoving higher electrode potential comes nte contackt with onother metal having &
lower electvrode potential, a mD_co,:..h cell is setup and +the metal Tnc._.am Zmrmw electrode potential

become anodic ond goes into solution to o Mmeasurvable extent.
- The extent of golvanic cowvosion depends upon the diffevence in tme electrode potential of the two

electyodes and +their vespeckive aweas.
— The greatew 1S the diffevence in the potenbials oF the cathode and anode, the greatex will be

CoOvyosioNn.
— Fo¥ example - Tyon Cowwosion in acidic solution consists of +wo half celis weact ons.

Fe ——> Fe® 4 2e- (( Anode veaction)
2HY + 2e- —> H, ( Cathode Yeacton)

— The cox¥¥osSion of i¥on 0CUYS .u,m, oxamms n the pwesence of aqueous solution involves .ﬁo:o.b._sm.

% eackioNs. Fe Ce?™ 4 2¢- (Anode ~eaction)

2e— 4+ 20, +H0 —» 200~ (Cothode veaction)
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2. Chemical cossosion or D¥y cowvosion ov divect cChemical attads theovy '
— Divect chemical attack includes all Kinds of cov¥osion in which theve is no appveciable Plow of

Cusrent thzough the wmetal fox pevceptible distance.
— This naﬁ of Ccov¥osion occu¥s 39._55 +s«oc@s the action of atomspheric mommm such as< Oxammsn

ro._ouo:m. sulphus dioxide , sdmdo&md sulphide, 3..#3@5 etc. on +the metal survfaces.
TIn thic type of cowvvosion @mdm.qum_ a solid film of the covvosion product is formed on the sugface

of the metal which w¥esist FPuvthex coxwosion.
However , if a liquid o¥ soluble covvosion product is fovmed , then etal is exposed to Fuwthew

ottack.
— Exomplei- Chlovine and iodine attack gilver, mmﬁmdbism a protecting Plwm of silvex halide.
- Dy ov chemical cowsosion is of +thyee wmain types -

OXidaaton FUQ,&Q,L“_ oN | —

This +~:& of cosrosion is due to divect chemical action of oxygen at low o Swmr +empevatuwes on

metals, genevally in the presence of ol stuwe.
Example:- Oxidation <CoOYyosion of akali and alkaline metals.

OY¥OSI0N by Othey @a S€S .7

- L -

N
— (rases like C€0,, S0, ,4q,, H,5, F, etc. also cause covyosion o.ﬁ Metals.
Example: - AgCl layer Lormed when chlovine attacdks on silveyr Metaul.

O

— i .

i1 Quua A A[-ANsN L

— d:w ._&Tw of cowvsosion is due to the chemical ackion of .m_oE._s& :.JEm metal at Zar .Tm?mumqhﬁ:qm

on solid metal o¥ D:o&. It OKU¥sS n devices used foxr Mucieax power,

OO0 SION .
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Methods oF ¢ |. O ot d ~-0T¥0S |. - |r rwe vention -...#|_ ._Ir_r,._,_" S ?... om COo¥¥osSion): >
— Cow¥osion Contyol methods May be classified nto four nowmm_oa._mm.. -
i Mlatewxial selection and design . »

— Choice of the wight .m&ﬂn of ,ugo*m.q,,& is the moin factor for corvosion control.

_ The selection of metal should be based on its chemical pwoperties besides its cost and shructuze.

- Noble wetals ave mhost immune to cowvosion but they comnot be used for economical weasons.

- The metal used should be s pute as possible. Presence of even Minute amounts of some impurities
™Ma lead to sSeve¥e covyosion. For example, minute quantities of ivon In .30@53._55 or lead n
zinc in die-casting allows ave hawmful.

— The component should be designed in such a way that stationavy poel of liquid should Mot be
collected .

— Moistuxe should be excluded whevever pPractiable, Mo cowrosion occuys Without the presence oL vach dae
Protective POLG_J@W.,J

- Frstecvve nooijmm ove used to isolate +he anocde ond cathode wegions.

— These protechve noeﬁsmm ™ay be ~metallic .304@030. Mnon-metallic or of o«&ﬁin substances.

— Fox  applying any .w&mm of ﬁoo.aa&. metal surface s prepaved in %0:08..5@ manner : -

() Givease and other suvface contamination s vemoved.

() Oxide scales, wust ond Co¥¥oSion products ove yemoved. ,

(iiy Etching treatment to oid in propex odhesion oO¥ wcmrsm o¥ polishing 15 given.
— Protective coatings ave of .wo:o&_j® types

A Metuallic ooo¢3mw..| Hot n.%v.:..m X m_mn&.o?oﬂsa , Metal nﬁmmwdm.

B . Non-mekollic coatings: - oxide noom.s@. o¥ganic coating , Paints and lacquves, Plastic Scm_sm Vitveous enamel.

/
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When it is impossible to oltey the mMatuse of cCovrosion medium, Coxrosion contsol \3.6& be achieved
by Cathodic oY anodic pr¥otection.

odiC ytecton

The principle involved in cathodic protection is to fovxce +the metal behave like a cathode. &ince
these will be Mo Onode on the wnetal, covrosion Wil Mot occus.

Y y QY e C

I this Thethod the Mmetal is passivated d& bbe.a;m cuxvent n a divection that wenders it Mmowe
onodiC.

TInhibito¥s ave the substances which when added 1o the m._mnndo_&pm solution —seduces the vate
of coY¥osion.

Tnorganic Inhibitors— silicates, chyomates, bovates etc.

Dd@a?m inhibito¥s- o«mosmn colloids, omines, caﬁ%smm\ quinolines m..m&n_ofm&,cézod._cé nibtate,

naﬂofmu@g?,_sm Cc oxbonate etc.
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