[ ANOMALY OF STRONG ELECTROLYTES

Oswald's dilution law given natinfaotor
 nat hold good for strong electrolyten, t
- cnstant (K), instead of remaining ¢
~ of the law may be sought in one or

In th.‘V‘ :;unult‘n‘nnly with wenlc eloctrolytos, whereas It does
ane of ntrong electrolyton, the value of equilibrium

m\nfnnt:. vapldly falls with dilution, 'The renson for the failure
moro of the following fuctors,

(1) Moat salts are ionic in nature even in (1
« : ‘ 4 Do nolid state ‘
~ jonic in the fused or dissolved state, e ol e ko o compleely

2) :\n‘hon‘tm\ theory nm.mmml frao motion for lous, but, this could bo rentricted by attraction
1 b@t\\’[‘(ﬂ\ Oppﬂﬁ“ﬁb’ Chl\l‘g’(‘d 10Nn8 ““d l)(‘twt‘(\“ i()n“ “nd p"h“- W)‘V(lnl’. ““)‘"(“lluﬂ,

(3) The ions may got solvated and may thus affect the active man,

, (4) As concontration in the caso of strong oloctrolyten in very high, thorefore, the presence of
-~ charge on the ions affects the equilibrium,

(5) As described above, the degreo of ionisation was enlculated from the valuoe of :“: In fact, o

l { [ .
cannot be accurately determined as such, bocauso -73& givos only the conductivity ratio, not the
~ degree of ionisation.

A number of following formulae have boon suggosted to oxplain the anomaly of strong
. electrolytes, but none of them has been found to be satisfactory.
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vant Hoff : K= Rk
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Kohlrausch : K= (Ao M)

'O pEBYE-HUCKEL THEORY

¢ of the intorionic attrnetion theory of electrolytic conductivity was
The quantitative aspec of t ,

] in 1923 and is known as Dobye-Huckol thoory of strong
d]'l!\'eloped by Debye “"dt-”';:fh?,.i]v nx‘\luin thoir hohavieur in very dilute solutions, sty bolow
electrolytes, which can satisffciore:. |

0.005M_ The postulni-vﬁ of Dul;yn-l [uckel theory are |

() E trong clectrolyte iy completely jonised nt all difutions,
i) Every strong clect

{R79)
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(i) Two fi ct on the mobile ions, viz; (a) electrical forces and (b) resistance due to "i!coﬁ!’
11 O Iorces a
of the medium, i.e., viscous drag.

Resultant force = Electrical force — Viscous drag.

The velocity of the ions depends upon the magnitude of the resultant force.

(iii) The forces acting between the ions are electrostatjc forces governed by Coulomb:' i
according to which b

9192
F(x———_
r2

where, g1 and g, = charges on the jons and r = distance between the two ions.

i ion is surrounded by a number of oppositely charged ions. Such an atmosphep, i
knovcg:vs)af i‘:::li:-o:t;;oaphere. Therefore, in the neighbourhood of a negative ion there wi]] be

of positive ions than negative ions—as shown in figure (1). The following two factorg
decrease the conductivity in concentrated solutions.

(a) | (b)

up, while the old ionic atmosphere is decaying. This lag of time isg known as ‘relaxation time' In
other words, when a stress is applied, it takeg g finite time for the atmosphere to relax. or to be
re-established. Due to thig time factor there wil] alwa

y8 be an excess of Positive ions on the left of
the ion and they will exert g retarding effect. The E. -F. applied tends to move the ioni
atmosphere in a direction opposite to the direction of the motion of the ion and this causes extrs
retardation of the velocity of the ions, The ionic atmosphere during the motjon of the cenral ion
becomes unsymmetrical. This effect on the velocity

of the ion ig called effect or
relaxation effect, dsymmetry effec

(b) Electrophoretic effect. Each ion ig associated wit

Under the influence of electric field the ions start moving to
which causes friot; i

elec’mphoretic effect, because he Sis
s . phenomenon of electrophore
exhibited by colloidal partjcles under the influence of electric

Debye angd Huckel foung that both t
concentration of the electy

h some molecules of the solvent
the oppositely charged electrodes,

hese effects Were proportional to the square root of the
olytes, According to them, k
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A7 e i f the work 4 in bri n “"nﬂ,thﬂflﬂ from
. ;':’,‘,}-‘,1 p,,nwu]nr mmt'thethe Dotents one in bringing b ,

W rf‘“' 'd"- work d‘)n:h‘n bﬁnﬂing A pogitive ion o
ot ee) W that point is o o . :
o char® =1 ¥ arer:ume . Z;r,v » Mimilarly the work required for a negative lon I8
':r"' where 24 B - - ' rical values only and do not include the sign.

i th€ concentration of ions at a large distance from the given ion, where y may be taken as

oy and n°. per unit "°‘“'}"" then by Maxwell-Boltzmann’s Distribution Law for
#10 (o i 8 field of varying potential, we have
30

pet n,=n° et .tw/rm

fVﬁ]Pncy zs ,ie. carrying a chargr z+ € (e

.

n_=n°_e<-z_ty/ kT

here n, and n_are the oo’ncent,mtiom of positive and negative ions at the given point under
@sidef’ﬁcn’ k is Boltzmann's constant. Since z, and z_ are numericals only, it is clear that

s there are, on an average, more negative than positive ions in the vicinity of any positive
.

gnd vice versa. It is seen, therefore, tl.lat every ion is surrounded by an oppositely charged ionic
";@;bere, that is to say, ions of opposite sign predominate in the ionic atmosphere.

The total charge density, p, ((i-e., charge per c.c.) at any point where the potential is y is given
1y the €x0688 of positive or negative electricity per unit volume at the point, i.e.,
Pe=(N,2,8)—(n_2z_¢)
=[(n°, e GtV /k T)z+ )l - me_e" Cev/ kD g D
In a simpler case of a uni-univalent electrolyte, 2, =2_=1; and n°,=n°_=n, where n is the
gamber per c.c. of ions of either kind in the bulk of the solution. It is seen from (7) that
po=ne@EtY/ kT_gev/kT) ..A8)

It is assumed that ey /kT is small in comparison to unity and so writing the exponential series
end neglecting higher powers of evAT, we get from equation (8),
pe=- (2 y/kT)2n ..9)

In the general case when z, =z_# 1 and the solution may contain several different kinds of
ions, Equation (7) takes the form

pe=£zn.z|:e_z‘£w,k’r

... (10)
where n; and z; represent the number per c.c. and valency, respectively of each kind of ion in turn.
If 269/ kT is assumed to be very small as compared to unity, then

p,=Lnzie-Lngz? et y/kT .11)

'Ijhe first term cancels out by virtue of the requirement of overall electrical neutrality, so that
€quation (11) becomes

p.=- €2y / kT)Enzf _ .(12)
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Bt -
o F lafion Ofcharge 2 in 2 meg term is simply the potential at a distance
due > um of dielectric constant D, The
ond term — ) is then the potentia]

given ion.. It is this extra pot~atial
. BY of the ionic solution,
A physical signiicance may be ascribed to k., The total ck e of the

jonic atmOSPeh‘:e wﬂl. be ~ i & f‘ince it is equal and opposit~ t4 the charge
f the central. single ion which is 2; ¢ So, if the whole charge of the ionic
atmospehre, L.e.,—2; € were placed at a distance (1/ ) from the given ion

H

Fig. 2.

the potential produced at it would be equal to — zg K, Therefore. - may be
K

regarded as the equivalent radius of the ionic atmospehre (fig. 2), i.e., it has the dimensions of
length and 18 ca}led the ‘Debye length’ and is of the order of 10~ cm. for ordin ary solutions. As
seen from equation (16)-’ the actual value of k depends upon the concentration of the solution and
the valencies of the ions. For one molar aqueous solution of uni-univalent electrolyte at

1
o0 ==3.1A.
25°C,

The work done in the process of charging i.e., the work done in transferrin an ion from
infinitely dilute solution to a given solution can be regarded as the difference betwg\fen the energy
required to charge the ion in (i) an infinitely dilute solution and (ii) the given solution.

If the potential at the surface of the ion (radius r) at any stage in this process is y, then the
work done in bringing up an element of charge de is ¥ de and the total work done, W, in giving the
ion its charge z; € is given by the integral

w=[""vyde
0
When the ion has the charge &, the potential y at its surface is given by,
£ EXK
“Dr D

i i 1 he work
In an infinitely dilute solution, the second term disappears, since K13 then zero, and the

done, W, in charging the jon is given by, ;
i€ ¢ d _ 21’2 £

w=[" py-4¢72Dr

0 . .

in the given solution is given by,

22 z}e’

£ 4
. E e IEK d: ] X
|t = .de- —.daet ———
WZ‘JJO Dr 0o D eDr 2D

the ion from an infinitely dilute solution to the given solution
e

i i ion
Similarly, the work done, Wz 1n charging the 1

: The work done in transferring
18t

) oD ...(21)
AW=W2_W1=_ 2D .
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The corresponding energy Ei for 1 8 ion is given by multiplying equation (21) by Avogadwa
number N, so that 2 2
249 N {22

—
.

Ei=-"3D

The chemical potential of a particular ion in an ideal solution is
p; =p° +RT log x; ..(23)
is its mole fraction in the given solution. For a non-ideal solution, we have

p; =pu° +RT log a;
=u°+RT log x; + RT log f;
where g, is the activity and f; is the activity coefficient. The difference between equations (25) and

(23), i.., RT log f; is the difference in the free energy change accompanying the addition or removal
of 1 g ion of the given ionic species from a large volume of real and dilute solution, respectively. This
difference of free energy may be regarded as equivalent to the elecrical energy.of the ion due to it3

ionic atmosphere. Hence, from equation (22),

- A24)
-.(25)

where x;

RTlogf;=-—g7— > | ... (28)
, Nzize,zk ' . 1 : @n

Now, substituting the value of x from équation (16), ni thé number of ions per c.c. may be
replaced by Nei /1000, where c; is the number of g ions per litre and 2 may be replaced by R/N and
converting the natural logarithm in equation (27) into common logarithm, we get

.Af Lo
fl°gﬁ=(pn3/2'z?’lu |
. e
A’={N2£ \/(2“/1000)} and p =ionic strength

-.(28)

where
2.3026 R3/2
For a given solvent and at a definite temperature, D and T are also constant, so equation (28)

takes the form
.(29)

-logfi=Az?Vp

where A=A (DT)*/2
Suppose 1 mole of an electrolyte dissociates into v ions, consisting of v+ cations and v- anions,

then we have
fe=(}~. f_v+)1/v
2 V5 logf,+v_logf. .
or logfi= v, ¥V, | ...(30)

Ifz, and z- are the valencies of the respective ions we have, by the relationship between the

valence and the number of ions,
Vi o2s

V. z,
So, introducing this assumption in equation (30), we get
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z_ logf, -
log [} = — ﬁfi‘.ﬁf;‘:,]f_’ff:
) 2,,, "" Z...

ol q 5 '
from equation (29), we get the following for a Kiven nolvent at n particular temgpersture

z ‘ 2 2 A B aded
logfy==AZ VA2 AN Y Azys A, va)
z.’. + Z.. (Z;, + Z. ;)

or “]02/‘1"/52.,.2_‘111 . A31)

Equations (?9) and ' (31) represent the Debye-Huckel limiting law, applicable to dilute
golutions. According to thm' law, the temperature of ideal hehaviour in a given solvent is governed
by the ionic strength (i) of the medium and the valency of the ions of the electrolytes.
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