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I e T Ovy P o Sty
i P ] he T 5

Lt I i
Mg-a TN ceane ey
"R SUrement of Teans. . P p
For fhe o (“““:‘:‘T““'Pﬂﬂ Number by Hittorf’s Method_ )< hat
: ‘ "ent of transport number, the app tus should be such b middi
. the apparatus thodic and 2

[here g1
should be 2
(i) Compartmeny three separate compartments r.e. anodic, €2 e
) During . 50
B electrolysis there . ing of soluti©®
(i ;“mp“"ml'nu Y8is, there should be no intermixing s
" ! - jstu -
) ﬂ:}ﬁ;::"_mnt;mm any compartment can be withdrawn without dis
S in other co artmanis .
compartments, J g '] s

spatat v by wsing o suble
. ) ch the anode and cathode YR Ammeter
compartments are separated by a middle lj;;m e
Ompartment as shown in Fig. 13. |
> It consists of two vertical glass tubes
joined together through a U-tube in the
m_lddlc. All the three tubes are provided
with stop-cocks at the bottom. By closing
these stop-cocks, the mixing of solutions in
the cathode and anode limbs can be
slepped. The cathode and anode is made
¢. platinim (non-atfackable electrodes).
The cathode and anode may be made of Ag

or Cuif e transport umber of Ag” or

Cu® ions is to be determined. : " oo
A Sihrero_rcoppe——mmphmd.m compartmest cofn?s. ’orﬂ;“ ‘dg_ ) »
series with the solution so that same quantity  Fig. 13. Hinorg:sppomwn . etarminatio
of electric current passes through them.
= 4 on chose Tanspott
Proced( )ur?rh gt filled with the electrolyte solution of the jons ¥ hose ?
I e i
: etermined. ; RS R
(i) ?hum?eeitlf);isb:rg inserted and the cell is connected in series with & silver o COPPE
i ee T :
coulometer. e is found by titrating the solution with & suitaie
e : f the electrolyte 1s ] \
(iii) The concentration 0
. HeApL nt of 0.01 to 0.02 ampere is passed for two to three hours 30 25 <
(i) A steady curre pJe change in concentration.
of the U-tube are dosed. T
ve e

~la

¢ produce aPplrﬁ i stopfocks . ;i R P
(v) After electrolyst 3 in the anode compariment is carezul}y dmmag Hi:ﬂ:i“? e
S e Al htisdetemﬁned. It is titrated to determine the weight e € hi

flask and its welg |

3 ( P we ht of silver deposited in the silver coulometer for cOpper in the cop;

 {vi) The weig . o

CLsF S cqulometer) is determine




¥y :
i o

(Vi) There should be

from the centr

change in the

‘ there, the

I the above expe

the silver

susr AL L)
Yy

jon in U-tube. The soluticr,
Wl to know if there Is ary
" concentration change

e -

no change in the concentration of solut
al compartment is taken out and Litrate
concentration of the electrolyte. In €ase the
foperimonl is repeated, ( this case pitrate ions attack
Periment is performed using silver clectrodes, in HHE { Ag' ions rather than
anode. Cnnsequently, there is an increase in concentration 01 73 odes to avoid the

d ‘reas W . ¢ ¢ clﬂctr
L‘ur}f‘"\‘. 11.‘0 Same experiment can be performed by using PN
attack of anions on the anode.

Calculations

Case 1+ When the electrodes are not attackable (f’f_t_!g_f_:_fjgji‘_‘;_‘_'_”_‘_ used)
After passing electric current P e,
Let the weight of anodic solution taken = w8
Weight of AgNO, found to be present in it (by titration) =, &
: \'\'Eigl{t of Water (solvent) present = (w; = ;) & "
- (W) - w,) ¢ of water contains w, %of AgNO; after clectrolysis

-

or (iy - w,) g of water contain: %%g)equivalents of AgNO4

= iuig equivalent of Ag =% E?fy)

170 "____,,—-—-—"‘
Before passing electric current ‘
Let w, g of solution contain Ag NO; =10y 8

Weiglit of water in the solution =

(w3 - 104) g : w
; e
Hence before electrolysis (w4 — w,) g of water contains Ag NO; @/

The weight of water remains unchanged after electrolysis,
w

. : 4 Wy — 105 F Ag NO
S S, ; fain = ———X(wy, =1,;) g of AgINU;
5 (mL “ w,) g of water will contain T 1 . 2) b
- oy ><(wl 0, ) g eq. of AgNO;
(wy —w,) 170 ;
w, (w0, —w,)

- X — n Of Ag
= G wy) o170 800 Ag=VES

'} ¥
When electrodes are not attackable, the amount of Ag or Cu deposited in thg co.ulometer (x}s
Jess than the actual increase in conc. of Ag* in the anodic cor|npartment (yysox<y
"+ Fall in conc. in the anodic compartment = (iy - x) g equivalents of Ag
Let the weight of Ag deposited in the silver coulometer

wy = 1—% g cq. of Ag =2 g equt of Ag

Then, : ‘ :
Fall in concentration around anode in g €qVt-

n

+ - .
Transport number of Ag (tAg+ ) Amount of Ag deposited in voltameter Ing eqV!

y—x

i

-~

Transport number of NO3 (tNOE = ]"“i"’;i_

—

A o



Case 11 : When electrodes are aitackable (Ag electrodes are used)

In this case, there is increase in concentration around the anode. Because every NO,
. the anode dissolves one Ag” ion to form Ag NO,,

w Thus x>y

| The increase in concentration around the anode = (x -y g equivalents of Ag

This increase in concentration of Ag® ions around the anode takes place even when Ag™
ions mugrate from anodic compartment. If no Ag™ ions had migrated from the anode, the increase
: n concentration of Ag™ ions would have been equal to z g equivalenits.
I - Fall in concentration around anode due to migration of Ag” ions =z — (x — y) g equivalents
of Ag .

reaching

A T —

z—{E—73)
z

and  transport number of NO;7 ion ﬁ.zdwv quf e HINI?,I,S
g Z
£ o ol
v thé Bgdicaan aess of copper ie. 31.75. _ Pper deposited’(w g say)

Hence, transport number of Ag™ ion ﬁ w>m+v —
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"““dmh  of :;“ln Ina conductivity eell and the

% are replaced by slow moving Na® ions.
nductance of the solution daau;:
_ alling till the end-point is reached. After

f"\d point, the ﬁmhefaddiﬁnn of NaOH causes an increase
In “onductance due to increage in number of OH™ ions
becauge the OH" jong are no longer removed to form H,0.

On Plotting a graph between conductance and the
vVolume of NaOH used

conductance gives the end point of titration. The end point
B gives the volume of NaOH used for the titration.

(1) Titration of weak acid with a strong base

& the initial as'shown in'Fig!16.
e %dudanceofaceﬁcaddaoluﬁmisvuybwmm

acid is weakly dissociated. On addj NaOH solution, a

“highly ionised salt CH,COONa is formed and the

‘conductance of the solution increases along the curve AB

[ (Fig. 16). The neutralization reaction is

. CH,COOH + (Na* + OH")—»

' (G{3C00'+Na")+l-120(weakiyionhed)
Immediately after the neutralization of whale of
H;COOH, i.e. after the end point, further addition of

@NaOH causes sharp increase in conductance along the
#curve BC. This is because addition of NaOH ;
" excess of fast moving OH" ions, The

(H* + 1 +(N.*+0H') ---.(Na*fcr)*H!Ot
Thus, v :

s

- T m—
a3 o T
iy e ————— b
‘;::t ure ‘"‘h"'dtahhﬂw“' nd“ -“hi*
t Wiy is N the Foarvdomy of wwss et oA w‘: ”'*l
v“‘“ . %mhumummz"”“
aly Rl . Are addend and M: valume 4~

I ay, Onductance ave plotied againet of imtersaction o * v ey,
he an “"""“’“"“lfrum.um.mﬂw*d“
U} - Some YPial conductonetric titrations S0®

e ﬂ-mmm-mm wlh'“.:.m:
HCy un'-".“h“&‘““\wmhnmm‘nddﬂmhw' is talcen

TS

the e conducen

1 salution is noted. Then NaOH "’W”,mm-d- Initially the

of HC) - After eact, Addition, the conductance of As

lony Ohtion iy high due to presence of highly mobile H' ““uy
e remoyeq by combination with OH- ions forming

I

Volume of aliall added —

="
Fig. 15. Conductometric Simiion &

for strong acid and si¥9 s

curm
When a weak acid like COOH is itrated with a strong base like NaOH, we get®

T




ELECTROCHEMISTRY \
() Thration of & strong acld With & wesk base - —

When & strong acid like HC is titrated with & wesk
ummhmmhmuun
hgwummemmsw

due to presence of fast moving H” ions. As N
solution is added, the H” ions are removed mﬂ d

with OH ions to form weakly dissociated
(H* + CI) + NH,OH—= (NH; 4C1") + O o
Thus the fast moving H' lons are replaced by dow
mm‘mlhhmdﬁ‘m N o
$ the T8 1T Curve tor Shwten of & suny

st ageinst o weak bess
Wa.g-ﬁ“h“ﬂwmhmm
The point of intersection of curve, AB and BC gives the and point

(iv) Tiiration of weak ackd with & wesk base —————————
weak base (NH O, the carve m shown in Fig 18 6 ,

civtatred The el sobuton of CHOOOM has low
conductance a3 aets aood it weakly wmined On
sdding NH OM soloton, highly ionised salt

(HAUUNI, @ formedd The conduciaice BTN
savg vy AD The seutesitsstann ramcion s
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ton of sodium acetate solution
this titration reaction a
(C}{g COO- trong acid lLe,
+ Nl’) + m-& . Cl_)

In this reacy ~ CH,COOH + Na* +CT"
rEplacedsbre:f.“““ highly lonlsed CH,COONa is
giscm“izmlghly ionised NaCl. In other words
'Ons have almm replaced by CI"jons. Since both these
COnductay, OSt same ionic conductance, so the
until ghe ce of .th,e solution remains nearly constant
after the s Point is reached, Purther addition of HCl

fast end point causes increase in conductance due

fmoving H* ions as shown in Fig. 20.

(vii) Precipitation Reactlons i
Ihe conduc.tOm etric & g . : . lving Plta iS
. ¢ titration curve of a titration 1nvVO I . Phce
Consider the titration of AgNO, with KCl solution. The reaction taking
C
(Ag™+NOJ) + (K*+ CIH—s (K* + NOj3)
+ AgCl} (ppt)-

Initially AgNO; has some conductance Valu_e
depending upon its concentration. When KCl solution is

added to it, a precipitate of AgCl is formed and the Ag” B/ B
ions are replaced by K* ions. Since the ionic mobilities of —';'
Ag* and K* ions are nearly equal, the conductance remains i point
almost constant until the end point is reaeh;d. The : e
conductance starts increasing only after the end point. —
This is due to addition of excess of KCl which ionisesto . Volume ofkCi added peses
give K* and CI™ jons. The increase in conductance takes  Fig. 21. Titration of polagshn

agalnst siiver nitrate.

place along curve BC. The point of intersection of curves
AB and BC gives the end point of the fitration.
3.32.1 Advantages of conductometric fitrations
" (i) These titrations can be performed for coloured liquids where the end point can not
. be detected by ordinary indicators.
(ify - Conductometric titrations can be successfully performed in very dilute solutions-
(??'b These titrations can be used for the titrations of weak acids against weak bases
. _which do not give sharp end point with indicators in volumetric analysis. These
* ™ "“Yitrations can be successfully carried out with a mixture of weak and strong acids
. which is not possible in volumetric titrations.
.. (iv) The end point obtained graphically is more accurate,
- (v) Astheend point is indicated by the intersection of two curves so ution
- like dropwise addition of titrant is needed near the end Morms no extra preca
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A Dutter soluthon is defined as the solution whose pH remains practically conviant by the addition
of small amounts of either an m?np ions) or @ M’:;W’ lons)

1361 Types of Bufter Solutions

Butfer solutions are of two types
1. Buffer solutions containing single salt
Sud\mmm!hcmm:ﬂw-b.hwﬂw
wofnhdm-ddudmkbua;-mw o) M5 48 8

2 Mumwbmmmmm

These solutions are one of the following two types :
() Acidic Buffer : It is the solution of mixture of a weak acid and its salt with » strong
base, r.g. CHyCOOH + CHLCOONs. The pH of these buffer solutions is less than 7.

(i) Basic Buffer : It is the solution of weak base and its salt with a aid, eg,
Mommmmdh&hﬂnoﬂumumm;
135.2 Buffer Action
The of 4 buffer sclution to resist the change tn pH even on addition of smell emownts of ackd
or base 1 buffer action.
1. Buffer Action of Ammonium Acetate Solution
The bulfer action of sclution of amunonium acetate can be explained as follows -
Ammordum acetale is completely dissociated in aqueous solution as under
CHCOONH, (ag) ==t CH,000™ (ag) + NH, (ag)
Due 10 complete dissociation the salt provides excess of CH,COO™ and 1H, ons
%nmﬁmdm-ﬂdbldddbmhddwﬂ,n'mwm the acid
combine with CH,COO™ present in the buffer 10 form poorly dissociated {
; CHLOO0 (o) + HO' &= CHCOOH (ag)
1 ooy, bradber freaem maied
Thus the incresse of H® lons is counter balanced dwwlmﬂu\dumjrwamed

Hence the added H" jons are neutralised and the pH of the solution remains
i. mﬂ llarly on addition of small smount of base the additional O™ jons combrine

‘ With NH{ ions of the buffer 1o form poorly dissociated NH O molecules
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! bn“,,: — Hon remains
frov solu
-% L the “Vﬂnnivg}umn‘plin‘ﬂwh\i base ¢ g, S0 im cigoy,
) ™ e T ton of @ st acid and a strong bt
“M:y ‘a e Nacy e foemet 2 3

M) et NH,OM (99)

q"”. LEY
N adg Mal "1 remaing completety dissociated in
L sl » i

s, "‘“n:::" Nit“::‘:“ of :‘ ki‘n?.’.dﬁf.i”crhf.."'c’(;nﬁm"ﬂm u* "::"K;?dm

Wi : 1 Both

'on o \T"!Y By """Dine wigh Ot jons 1o form NaOH. pH of the aquéng

* By " hange "™ 10 give back H* and OH- lons. Hence the

“ "‘f A " o:““ un Qddl“m\ ul‘nmall amounts o' dd or base.

ml: MSidey Acldic Butrer

&

o M acigy H.COONa. In Squeon
'“"‘“\\ _ CH OO | Duffer solution containing CH,COOH and mﬁebly prosb ey
ol ¥ Weakly digsociated while CH;COONa is com

Al

“HyCoon (ag) ¥== CH,COO" (ag) + H;O" (44) ~

DU(\ t CH COON Na* (a9)
i ~3“OONa (ag) —— CH,CO0" (2g) + Na 4. Asomvd
the So!ution cr:n:“ 10N effect, the dissociation :f acetic acid is further wppions P

ine lissocia H.O* ions.

On Addition o ® EXcess of CH,CO0" ions and small amount of acid combine with
CBSS of CH,can 2l amount of acd, the H.0* fons provided by the 2 1 O lons e
CUtraligayg o3 2O ions to form, poorly ferdaed CH,COOH. Thus the ’ddaim.sh pHd

Nd hence the H,0" ions concentration does not change. vl to the buffer, e
OH‘ i ! unchanged. S'"ni-larly, when a small amount of base is added \

” base combine with H,0* ions to form ur i
O* (ag)

(From buffer) (From base), g
As a result the equilibri

: com
um (1) shifts to th t duce more H,O* ions to cot
the loss of H,0" jons Ho (1s o the right to produce 3 pHo

uft . ce the concentration of Hy0* ions is maintained and
Her solution remains unchanged. '

3. Butfer Action of Basic Buffer

be
"he buffer action of basic buffer solution e, a mixture of NH,OH and NH,C! m2Y
explained as follows :

¥ Due to common ion effect, the dissociation of NH,OH is depressed thus, the solution
large concentration of NH,* ions and small amount of OH- ions. +cod by OF
end small amount of an acid is added the H,0* ions from the acid are neutralised

LA ‘pE ent in the buffer.

OH™(ag) + H;0*(ag) == 2H,0()
(from buffer)  (from add) resultin the
As the OH™ ions from NH,OH combine with H,0* ions from the acid, it would solubd®
- greater ionization of NH,OH to restore the OH™ ion concentration. Hence the pH of the
. On the other hand, when a small amount of base is added to the buffer solution, it woulM

. OH ions. The additional OH™ions will combine with NH, * ions from the buffer to form P~
' ionised NH,OH. =~ ~
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, 8 MPORTANCE OF BUPFER SOLUTIONS

| e Mological provesies
Mary Pk ed fosde snch o blood. urine, dde have o definite pH which s maintsined by
o TUR R LR L siabmadasscrn |l ""M"MM 14 enairtaived bet TV¥and? &

g beefhn st of varbainic ackd (H,00 ), biearbonate ions (HCOS ) and carbon diowide.
1 I mdusitial process

Buther solutivns play an important role in many industrial processes, ¢ ¢
M Bleoroplating

i  Manuiacture of alcohol b'v fermentation of molasses, medicines, dyes. W
matenals, i tanning of leather etc.
) I investigation of many blochemical and physiochemical processes.

() In analytical chemistry

137 pM OF A BUFFER SOLUTION (HANDERSON-HASSEL EQUATION)

‘N‘;\H of buffer solution is calculated by applying Handerson Hasselbalch equation. This
aquation is derived as follows :
1.37.1 Expression for the pH of an Acidic Buffer

Consider an acidic buffer containing a weak acid (HA) and its

weak acid be written as :
b acfean e WITER T LA () == HO" () + A” (ag) Weskly dissociated) (D)
- dissociated)
BA (aq) ——"'ﬁ!’"’.‘"’ d"m‘“ “’M&T for equilibrium (1) can

Applying law of chemical equilibrium,
o ; N s A s Mﬂ
@bewntienas R X, = " THA]

b L 3
1] = KXo @
o ressed by the common ion effect due to
dissociation is further dep Y
w::::l :lv\eu:l‘tﬁ \i:hich provides A jons: As a result at equi:}m ﬁ.o;.mmm ai:
unionised acid HA Is nearly equal to the initial concentration ¢ , mtoiln :
y dissociated, at equilibrium then concentration of A™ can be taken equal initial

amn:z:aumaf BA (salt) oot w et

Equation (2) can be written as
SR ket
Taking logarithm of both the sideswe get N
| mnﬂ&’*%@h%&%

salt (BA). The ionisation of




