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The relationship between molar conductivity (Afn) and concentration is inverse

AC = 1000xXK

m— ¢
Therefore, as the concentration increases, the molar conductivity decreases because the
movement of ions decreases.

The scientist Arrhenius explained the relationship between conductivity and concentration
depending on the degree of disintegration (). As the degree of disintegration decreases, the
conductivity decreases, and with an increase in the degree of disintegration (), the
conductivity increases. This opinion is wrong for the following reasons:

NaCl - Nat +cl

It is an electrical conductor and the degree of dissociation for (NaCl) is equal to one (x=1)
Therefore, the conductivity does not depend on the degree of disintegration () .

Because the degree of dissociation () in the solution is equal to one, (as well as x=1) for (NaCl)
in the solid state, (meaning that x=1) in the crystal lattice.

That is, (NaCl) in both cases is completely ionized.

If Arrhenius' interpretation is correct, the conductivity of NaCl in the solution must be equal to
its conductivity in the solid state.

But it was found that (NaCl) in the solid state is not an electrical conductor, but in the solution it
is a conductor. Because conductivity depends on the movement of ions within the solution,
NaCl is therefore non-conductive. Because its ions are free to move in the solution, while in the
crystal lattice their movement is restricted, so it is non-conductive in the solid state.

This proves that Arrhenius' interpretation is wrong. It was later corrected by Debye, Hockel, and
Onsacker:
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Debye, Hiickel and Onsaker theory: t Sbadighg JSea g slun 4

It is the most general theory, as they believe that the increase in conductivity in dilute solutions
is due to the movement of ions within the electrolyte solution.

In dilute solutions ( «=1) because A§, = A%,

Q/ How did they visualize the solution before passing the electric current or before starting to
measure the conductivity?

A/ 1- A solution consists of ionic clusters as a result of the attraction between positive (+) and
negative (-) ions.




2- Each ion appears as if it is located in the center of a sphere surrounded by
negative and  positive ions and polarized solvent  molecules.

0

3- The ion located at the center of the ball is called the central ion and the
surrounding negative and positive ions and polarized solvent molecules (ionic
atmosphere).

4- The resultant charge in the ionic atmosphere (surrounding) is equal in
magnitude to the charge of the central ion and opposite to it in sign.
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Q: What happens when electric current passes through?
C/ The following effects occur

1- It moves a certain distance, which leads to distortion of the ionic atmosphere
around it

*The ionic atmosphere can return to its symmetry around the reference ion if

*Its contents were such that it could change their position immediately



*Or if the reference ion does not continue to move, then it takes time for the
ionic atmosphere to return to its symmetry around the reference ion.

This time is called the relaxation time.

The effect of asymmetry (relaxation effect) when an electric current is passed, the
central ion moves toward the negative electrode and the ionic atmosphere
toward the positive electrode. The time required for the central ion to get rid of
the ionic atmosphere and for the ionic atmosphere to return to its previous form
is called relaxation, and the resulting decrease in conductivity is due to
obstructing the movement of the central ion. It is called the asymmetry effect or
(relaxation effect) and its symbol is (A) and its value is equal to:

oSl Ll i el die Gaany e fm

"Q ) //’_\\\‘O
-
®- .- SPER

I

“~\\ - @ /I
6* \‘s§ - . ’//‘@

‘O \':__/ *»

Al ) o /o

OsY) Jea il I sagall eV eall @Lﬁu\:\o Aon SV sall osd I (535 Lee Al A8lue & oty alld =]
GUAAS jall (A an el 0¥ et ol 13 glo Jladl 8 Leaa s s O et (of 4y sine CilSe 13) o2 5l
A Y (e ) (cann < ) \Mﬁﬂ\oﬁ\ﬂ\d};ﬂﬂué\hﬂ\@ﬁ&\};ﬁ\@kﬁaﬁ&ﬁ_@}ek
olatly (5 3Spall sV dndy L eSU lall ) el die (sLEuY) i) Gulidl) ase U
OsY) caldil a5 el Gl sl Gl slatily ¥ sally bl il
a5 el i) M@M\mg\@}%‘y\y\ sdely sVl sall (e g Sl
S0 S el aae 8l e (638 A ) AS a Ble) e 8 Bl gl 0
:g;}\.uﬁé\:m:é} (A)d}ﬁ}(;&)ﬁu‘}“

Gulil pae il Jiay (A) O s



hoeSl Jal) s Jiay(e ) s
2kl 3 0 Al da 3 (T) s
da g Il Jiad (fl )J’

D s ) A 2

A al GSladl slatl o ats liiedl cuidl ey daee s sl of L
b lia oS Al Ay g 3Sa oY) ASa e o Al G (b)) sl
aons st 9eSl) LAl Ale ) ol candiy cudall iy g (s 3Sall ) (e S
(B) >l 4l

B_32x1m
(e.T) %2

(‘ul/Z) ‘GJAJ_S

Therefore, these scientists proposed a modification to the equation:
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*The Debye, Hiickel and Onsager equation is valid for monovalent electrolytes in
the range of concentrations M 0.001, while at higher concentrations the
deviation from it is large.

e|n polyvalent electrolytes, deviation from this equation occurs at concentrations

lower than those for monovalent electrolytes.
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But due to the electrophoretic effect and lack of reIaxation,( A,Cn) does not equal
(A9, ), but rather:
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AG = Ag — { A+ BAGWC

This equation is called the Onsaker equation for strong and very dilute
electrolytes, and from the Kohlorousch equation:

Uslze ey laa ddddally 4ol clidg pIW Syl Aloleay Aloleadl o328 ausis
D oRsY S

AS, = A% — R\c
e deani Slusgf Alalas e L jliay

Comparing it with the Onsaker equation we get:

R=A4 + BN,

The Kohlorousch constant combines the two effects discussed by Debye, Hockel,
and Onsaker

There is a table showing the values of (A, B) for some solvents at (252C).
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H,O 60.2 0.229
CH;OH 151.1 0.923
CHsCN 22.7 0.716
CH5CH20H 89.7 0.719

Example: The molar conductivity of KCI solution changes with concentration as

follows:
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C 0.001

0.005

0.01

0.02

AS, 146.6

143.5

141.2

138.2
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A non-aqueous solution is a solution obtained by dissolving a solute in any solvent

other than water. The solvent can be an organic compound such as acetone,

toluene, ether, alcohol, benzene, etc. Electrical conductors are materials through

which charges can pass without resistance. Non-aqueous solutions are organic

liquids, and most organic liquids or solvents are covalent and therefore non-

conductive.




