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clow down a swimmer. l‘::ll any dllutu uulu[mu the 10mic atmosphere 1% almost non.

existent. so asymmetric effect is zero. Smmilarly at infinite dilution, the
electrophoertic effect is also neghgible, but both effects have definite values in
concentrated solutions. Debye and Huckel showed that both of these retarding effeet
on an 1on produce a decrease in the equivalent conductance. These are the
theoretical explanation for the decrease of equivalent conductance in case of solutions
of strong electrolvtes.

9.15 DEBYE-HUCKEL THEORY: THE IONIC ATMOSPHERE

The possibility that the attractive forces between ions might have some
influence on the electrolytic conductance, especially with strong electrolytes, was
considered by Noyes (1904), Sutherland (1906) Bijerum (1909) and Miller (1912)
among others. But the modern quantitative treatment of this concept 1s due mainly

to the work of Debye and Huckel and its extension chiefly by Onsager and
Falkenhagen.

When an electrolyte 1s dissolved in a polar solvent, it gets dissociated into
wons and the solutions may contain a large number of kinetically identifiable species
in addition to the solvent molecules which are always in equilibrium with each other.
A completely random distribution of 1ons around each other can not be physically
possible. A positive ion will have a negative ion in its immediate vicinity. thereby,
resulting 1n an ordered arrangement, which is offset by thermal motions. Thus the
resulting situation 1s a dynamic compromise between the electrostatic interactions
and kinetic collisions. The net result is that in a small volume element of the solutien
around an ion, on time average, there 1s slightly greater concentration of the ions
carrying opposite charge than those carrying similar charge. Thus, each ion has an
wonic atmosphere of oppositely ions, whose net electrical charge is equal and opposite
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to that of the

central j This ; i ¥ .
theory for dijut ton. This forms an essential postulate of the Debye:Hueke)

© solutions of strong electrolytes.

i I dv
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Fig 9.5 ) g 2
B 9.5 The anic atmosgphere and time average distribution of 1ons around a
reference lon

i L;.t ufi Lrnmlmlm' @ |mr‘-|t:.vlq?- ion situated at A(Fig.9.5) Suppuﬁe there 15 small

ement dv at the end of radius vector r: the distance r is supposed to be of
the order of less than about 100 times, as the diameter of the won. Due to thermal
movement ol 1ons sometimes there Occure an excess of positive 1ons and sometimes
an excess of negative ions in the volume dyv. If & time average is taken, however, it
will be found 1o have, as a consequence of electrostatic attractions by the positive
charge at A, a negative charge density. In this way every ion may be assumed to have
an lonic atmosphere of opposite sign. The net charge of the ionic atmosphere 18 equal
in magnitude and opposite in sign to that of the central ion. 1t is possible to define
the effective thickness of the ionic atmosphere

Debye and Huckel took the interionic attraction into consideration and
calculated the ratio of activity to the concentration of an ion in dilute solutions.
Suppose the time average of the electrical potential in the center of the volume
element dv in Fig.9.5 1s V. It 15 defined as the work done in bringing a unit charge
from infinity to a particular point. The work done in bringing a positive ion of valence
Z. and carrying a charge € to that point 18 given h;.{Z+ENP)Similarly the work done in
bringing a negative ion i .'zugqu* and Z_ are numerical values only, and do not
include the sign. If the concentrations of the 1ons at a considerable distance from the
where ¥ may be taken as zero, are nT_ and n’ per unit volume, then by the

icles in a filed of varying potential, the
g o and n-, at the point under

given ion, .
Boltzmann distribution la | cles 1
concentration of the positive and negative 10ns, L., 1,
consideration, are given by

o —{ZeeVikT)
n,,.'-‘nﬁm
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negative ion. It is seen, therefore, that
charged ionic atmosphere. )

every ion is surrounded by an oppositively

In the vicitinity of A", the density of electricity or electrical charge density (p)

at any point is equal to the excess positive or negative electricity per unit volume at
that point, that is,

p=En,Z,e-nZ e
p= 'E{I'L', Z+ ﬂ-lZM‘FM‘} 7 ,_.[,_E_E'.P,rk’l’}] {9_28}

For uni-univalent electrolyte, Z, and Z_ are unity and n, and n_ must be
equal because of electrical neutrality hence, Eq.(9.28) reduces to

p= E(na*'i"iwr e )
ot p=ene*-eY ©.300 7

where n is the number of either kind of ion in unit volume. Expanding the two
exponential series and writing x in plane of €'¥/kT, one gets,
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Where n; and Z, represent the number per unit volume and valence of the

ions of i*® kind. The summation is taken over all kinds of ions present in the solution
and Eq.(9.34) is applicable ; urrespective of the number of different kinds of ions.

In order to solve for ¥ it 18 necessary to have another relationship between p
and ¥ and this may be obtained by intorducing Poisson's equation and this equation
in rectangular coordinates is

% :y .a:‘*'h% i

Where and z are the coordinates of the point in the given volume element
mnuthem:gmn;nmtnﬂhemdlm Converting to polar coordinates, and
Mmﬂﬁwmmmmammmimmﬂﬂmﬂ:gﬁm_

dm:ﬁm potential about any point in the electrolyte
- gndﬂ:f:aqtmly Wﬁmo{mmauﬁ.l‘qaﬁ)w

(*’w}-“? 0
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-lnegllniz;! 12 /
i
or k= —DiT (9.38)

where r denotes the distance from the central ion to the point where W is determined
l ; . :
and k has the dimensions of length. It is called Debye-Huckel reciprocal length. It is

the distance over which electrostatic field of an ion extends with appreciable
strength. k! is ‘a measure of the thickness of the ionic atmosphere.

= —_— e e e L

The differential equation Eq.(9.37) can be solved, and the solution has the
general form

W= : -+ —— ”}35}}

Where A and B are integration constants, whose values are determined by
applying the boundary conditions. Since ¥ must approach zero as r increases,
because the potential at infinite distance from the given point in the solution must be
Zero

Aet®™ Re” e =
0=""—s
= o A
e =0
Be”
0=0+— ~1;=u
o

oo

This can be only true if B = 0, since 'E-; # 0, hence Eq.(9.39) becomes

A E—kr
= (9.40)

The value of A can be calculated by the fact that for very dilute solution Tn.Z>
Tt
|

18 almost zero and hence k is also zero. The value of potential Y. at the point under
consideration will be

A
M —
1 T g (941)

In case of dilute solutions the Eata ¢

| % fame ol duuts potential in the neighbourhood of an i :
fﬂ*:i:‘.’ F:l_?l:.ﬂf?_:.l?ﬂ .Hli;:lﬁ, atnp_e [_:the__lf .i;'ang are toc far away to have any ?ni?l?ef;‘;}l'ltze
1on is being regarded ag being a point charge, the potential at small distance w:]lb-e =
_ Z:e :

q‘-;.i = _15‘;

ing ¥, between Eq.(9.41) and Eq.(9.42), we get

9.42)
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Suhﬂtltutml the valy (943
“ ol A into By, (9.40
ZIE ) we got
Y= Br o kr
(B.44)

point r produced by the treaented by Eq.(9.44) is the mean value of the potential at
characterized by the pote

difference between ¥ ard v ntial of the jonic #tmosphere which is found as the
Vo =¥-v
e
=£Eﬁ_kr_55 LoeT=l-ke
B Dr 1~ e ™ =1 - ka]=
Ze |
W= {E'k"._” k'-l=l—kr-l=-kr
Ze
Yia = Py (kr)
L ZIE k
=5 9.45)

The Eq.(9.45) is independent of r and hence it may be assumed to hold even
when r is zero, so that the potential on the ion itself, due to ionic. atmosphere is given
by above equation. The net charge of the ionic atmosphere is -Z;¢, because it is equal
in magnitude and opposite in sign to that of the central ion itself. If this charge was
placed at a distance 1/k from the ion, thapntaﬂhnlpmduﬂedatmwuﬂh%emt
which is identical with the value given by equation (9.45). The quantity 1/k can thus
h%ﬂugm&gﬂfﬂmﬁmﬁmﬂtﬁemmbﬂumiﬁmm

‘to the definition of k, the thickness of the ionic - will depe:
the number of ions of each kind present mumtmlummﬂnnmm_‘ sﬁ;:h_

ﬂnwmmaﬁm“mmm in moles (gram-
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MR e

2.81 x 10 '"[:‘“.“,“u] cm
£C/2;

For water as solvent at 26°C, D is 78.6 and T is 298, so that

I 431k 10®
i T R T TR

riL L % B i [ ' . —H
Phe thickness of the ionic atmosphere is thus seen to be of the order of 10

1 . . : .
em or 10" m. It decreases with inereasing concentration and valence of the
present in the electrolyte, and increases with increasing dielectric constant of the
solvent and with increasing temperature.

9.16 DEBEY-HUCKEL-ONSAGER’S EQUATION

According to Debye-Huckel theory of strong electrolytes each ion is
surrounded by an ionic atmosphere of opposite charge. A moving ion under the
influence of applied electrical field is un-symmetrically surrounded by the ionic
atmosphere of opposite charge. The charge density is greater in the rear than in the
front of ion. As the ionic atmosphere is not symmetrical, it results in the retardation
of the ion moving under the influence of applied field. This influence on the speed of
1on 15 called asymmetric or relaxation effect. A viscous resistance of the solvent also
acts on the moving ion. It is similar to the resistance acting against the movement of
the colloidal particles in an electric field. It is called electrophoretic effect B.ul'ﬂ.:l.

asymmetric and electrophoretic effects retard the speed of the central moving ions
‘and ultimately decrease the conductance. '

_Dabye and Huckel made an attempt to calculate the magnitude of the process |

Ty

e the motion of the ions in solution. They supposed the ions to travel
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Aoflp = 0.70

The above rule of Walden does not apply to water a
water A n, = 1 and the value of constant was o :
solute. A p&:'ucular 10n does not have the same egmzdrzlﬂﬁgetna:um;f
It 1s probable that the ions are solvated in the solution. Since the extent nf im'1 "EE .
as welll as th_e size of solvating molecules, varies with the nature of t}:le :01::: t.;:
eﬂecuve radius will not be constant. The ions have different effective radii in
d1ﬂ'erept solveryts due to difference in the extent of solvation. As the solvation effects
are qmt.:e prominent for smaller ions (particular small cations), the deviation from the
Walden's rule .wnuld be quite severe for smaller cations. Larger cations do not
f.mdergn aglvanon to an appreciable extent, and hence the Walden's product for such
10ns remains constant even in different types of solvents.

nd glycol as solvents. For

9.12 ARRHENIUS THEORY OF ELECTROLYTIC DISSOCIATION

In order to explain the behavior of solutions of electrolytes, Arrhenius (1887)
put forward the theory of electrolytic dissociation in aqueous solutions. The main
points of this theory in this modern form may be summed up as follows:

(1) The electrolytes in solution are dissociated into electrically charged particles
called ions. The positively charged particles are called cations and the
negatively charged particles are known as anions. A dynamic equilibrium
exists in the solution between the undissociated molecules and the ions which
dissociate from the electrolytes, that is

=M +A

(11) The ions are free to move independently under the influence of an applied
electric field. Cations move towards the negative electrode or cathode and the
anions move towards the positive electrodes or anodé.

(ui)  The number of positively charged cations and negatively charged anions may
be different. However, the total charge carried by cations is equal to the total
charge carried by anions. The net result is that the solution as a whole is
electrically neutral in spite of the presence of charged particles.

(iv)  The extent of dissociation is different for different electrolytes and depends
~ The amount of electrolyte which dissociates into ions varies with its
it of dissoci the decrease in concentration and attains a
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for various electrolytes in aqueous
Practically all salts, and strong acids and bass are highly ionized

re known as strong electrolytes. Aqueous solutions of these
electrolytes are therefore good conductors of electricity, On the other hand, there are

many substances whose aqueous solutions are poor eonductor of electricity, These
include many organic acids and basea (such ae acetic acid, benzoic acid, methyl
amine, aniline etc.), inorganic acids and bases (such as carbonic acid, hydroeyanic
acid, ammonium hydroxide etc.). These are called weak electrolytes. This division

into strong and weak electrolytes is a qualitative one. There are some electrolytes
such as BaCl, ete. which exhibit an intermediate behaviour.

Calculation of the
solutiong show that

I water. These a

degree of dissociation

Limitations of the Arrhenius Theory

Arrhenius theory is satisfactory for weak electrolytes. HP“"E"'E’T- “'}"]'“e“ Sgplied
to strong electrolytes many anomalies have been cbserved which seriously question

the validity of some of the postulates of theory. Some of the important discrepancies
are:

(1) The degree of dissociation obtained from conductivity measu;e::ené ::t?mﬁa;
colligative properties are in good agreement for weak electrolytes.
1 A
strong electrolyte the agreement is very poo
not all by
(11) The Ostwald's dilution law is obeyed by weak electrolytes but
strong electrolytes.

\ ] but does not take into munt
heni assumes the existence of ions . : s
£ o 3 thetﬁttractiun between ions. The eﬂ'e:ct of ml;nunic nttrmm
thﬂm solutions of weak electrolytes, but in case
quite small strong electrolytes,

: ! d
is effect is quite pronounce ' A |
m'm points conclude that Arrhenius theory is essentially valid for weak

vte hutdma not describe the behavior of strong electrolytes.

e ASTWATLD'S DILUTION LAW



