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Electrical Conductivity

• In metallic conductors, the electricity carriers are the free electrons 
migrating through the 3D lattice of the metal. The formula below 
describes Ohm's law (Ω=Ohm).

• The conductivity (κ) of a conductor (e.g. metal wire) characterizes 
its ability to conduct electricity. 

• By definition it is inversely proportional to its resistivity.



Conductivity of Electrolytes

• Solutions of ionic salts (electrolytes) and some polar compounds 
that can dissociate upon dissolution also conduct electricity. 

• In this case the electricity carriers are two types: cations (+) and 
anions (-).

• Examples of electrolytes:  Aqueous solutions of 

NaCl, K2SO4, NH4Cl, HCl, KOH, CH3COOH

• When a potential difference is applied across two electrodes 
immersed in ionic solution the net motion of the ions is towards 
one or other electrodes and electric current is conducted through 
the solution.

• In solution, the cations migrate towards a negatively charged 
electrode and the anions move towards a positively charged 
electrode.



Measuring Conductivity of Electrolytes

The conductivity of a solution is determined by measuring its electrical 
resistance and the standard method is to incorporate a conductivity 
cell into one arm of a Wheatstone bridge and to search for the balance 
point (zero current). AC current is used to avoid electrolysis.



Measuring Conductivity of Electrolytes



Examples



Conductivities of electrolyte solutions

• Conductance, G, of a solution ≡ the inverse of its resistance:

G = 1/R  in units of Ω-1

• Since G decreases with length, l, we can write:

where κ ≡ conductivity and A ≡ cross-sectional area

• Conductivity depends on number of ions, so 

molar conductivity ≡ Λm = κ/c  with c in molarity units.
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Molar Conductivity

• The conductivity of a solution is due to contributions from both 
cations and anions and depends on the number of ions present 
(very sensitive to concentration).

• Practically, we work with the molar conductivity Λm, defined as:

• Note that electrolyte ions of different valency transport different 
amount of electricity.

• For example: in NaCl solution each ion carries out unit charge in 
each direction, while in CuSO4, each ion transports 2 units of 
charge in each direction.



Conductivity of Strong and Weak Electrolytes

• Measurement of the concentration dependence of the 
molar conductivities shows that there are two classes of 
electrolytes:

1. Strong electrolytes: Λm depends slightly on the 
electrolyte concentration, cm , (NaCl, K2SO4)

2. Weak electrolytes: Λm is normal at low 
concentrations but drops sharply when, cm , is 
increased (CH3COOH).



Fig 21.14  The concentration 

dependence of the molar 

conductivities of:

(a) a strong, and 

(b) a weak electrolyte

• Strong electrolyte – molar 

conductivity depends only 

slightly on concentration

• Weak electrolyte – molar 

conductivity is normal at very 

low concentrations but falls

sharply to low values at high 

concentrations

Conductivity of Strong and Weak Electrolytes



Arrhenius Theory

1. Arrhenius proposed the now “classic theory of dissociation”: 
When electrolytes are dissolved in solution, the  solute exists in 
the form of ions in the solution: 

NaCl + H2O → Na+ + Cl- + H2O
HCl + H2O → H3O+ + Cl-

CH3COOH + H2O ↔ CH3COO- + H3O+

2. The differentiated between strong and weak electrolytes by the 
fraction of the molecules ionized: the degree of dissociation . 
The degree of dissociation, according to Arrhenius theory, does 
not account for behavior of strong electrolyte. 

3. A strong electrolytes is one that dissociated into ions to a high 
degree and a weak electrolyte is one that  dissociated into ions 
to a low degree.  



• The degree of dissociation can be determined from 
conductance measurements. 

• Equivalent conductance at infinite dilution Λ was a 
measure of the complete dissociation of the solute into 
its ions, and that Λm represented the number of solute 
particles present as ions at concentration “cm”.

• Hence the fraction of solute molecules  ionized, or the 
degree of dissociation, can  be expressed by the 
equation, in which Λm/ Λ is known as the conductance 
ratio:  

α = Λm/ Λᵒm  

Arrhenius Theory



• The decrease of conductivity of strong electrolytes with 
concentration can be explained based on Coulomb’s law of 
opposite charge attraction, ionic hydration and solvation, 
ionic atmosphere formation and electrophoresis.

1. Strong Electrolytes



• Electrophoresis is the movement of charged particles (or 
large ions)  under the influence of electric field.

• The above phenomena will synergistically drive towards 
forming a non-ideal solution that retards and may impede 
the transport of cations attracted by the cell anode and 
anions attracted by the cell anode. This retardation is 
associated by forming large charged particle of ionic and 
water layers around the original single ion.

Strong Electrolytes



Example

• Calculate the limiting molar conductivity of BaCl2 in water at 298 K.
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Onsager Equation for Strong Electrolytes



Low of Independent Migration of Ions

• Kohlrausch also confirmed that Λºm for any electrolyte can be expressed 
as the sum of contributions from its individual ions:

• ν+ and ν- are the numbers of cations and anions per formula unit of the 
electrolyte

ν+=v-=1 for NaCl, HCl, CuSO4

ν+=1, ν-=2 for MgCl2

• λ+ and λ- - limiting molar conductivities of the individual ions (Tabulated 
for many ions, see nest slide).

• Implications: ions behave independently when the solution is infinitely 
diluted, i.e. we can predict the conductivity of any strong electrolyte.



Limiting ionic conductivities in water at 298K

Low of Independent Migration of Ions



Low of Independent Migration of Ions



2. Weak Electrolytes

• Weak electrolytes are substances that are not fully ionized in 
solution (weak acids and bases).

- Marked dependence of Λm on cm due to the shifting of the 
dissociation equilibrium upon dilution.



EXAMPLE 

The  value of HAc solution at 25oC is 5.20110-4

S·m2·mol-1, what is the degree of dissociation  and the 
equilibrium constant Kc of HAc. (From Tables: o = 
0.039071 S.m2.mol-1 for HAc at infinite dilution)
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Weak Electrolytes



Weak Electrolytes



Weak electrolytes
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Example

The molar conductivity of 0.0100 M CH3COOH (aq) is Λm= 1.65  
mS.m2.mol-1. Calculate the degree of dissociation α and acid 
dissociation constant Ka.
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Weak Electrolytes



Field Strength, 
E: V.m-1





Illustration 

• The Cs+ cations with z=1 and hydrodynamic radius (taken as the 
ion radius plus the first hydration sphere) a=170 pm move in a 
solution with viscosity of 1.0 cP (1.0x 10-3kg m-1s-1).    

• Estimate the mobility of the cation.

• A 1.0 V battery is connected to the two terminals of the solution 
across a length of 1 cm. Calculate the drift speed of Cs+ cations. 

The electric field E=1 V/0.01 m = 100 V/m

u = ze/6πηa ~ 5× 10-8 m2V-1s-1

s=uE ~ 5 × 10-6 m s-1 = 5 μms-1

The cation passes about 10000 solvent molecules per second.



Grotthuss mechanism for proton conduction

Proton hopping involves rearrangement of the 
hydrogen bonds of a group of water molecules.

http://en.wikipedia.org/wiki/File:Proton_Zundel.gif
http://en.wikipedia.org/wiki/File:Proton_Zundel.gif


Transport Numbers of Ions
• The transport number (or the migration number) is the fraction of 

the total current carried by each ion present in solution:
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Since ionic Conductivity is 
directly proportional to ionic 
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Hittorf Method 
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Hittorf Method 

• The most common method for 
determination of transport 
numbers of ions. 

• It is based on determination of 
changes in the composition 
(concentrations of ions) of an 
electrolytic solution around its 
cathode and anode.



• The electrostatic interactions between ions, besides having an 
important effect on the conductivities of solutions of strong 
electrolytes, have an effect on the thermodynamic properties of 
ions. 

• This matter is most conveniently dealt with in terms of activity 
coefficients, where several experimental methods are now available 
for determining these activity coefficients.

Debye-Huckel Limiting Law

• There are various reasons why a solution shows deviations from 
ideality  and the matter is quite complicated. 

• We are here concerned with a relatively simple reason for non-
ideality in an ionic solution, namely the electrostatic interactions 
between ions, as interpreted by the Debye-Huckel theory.

Activity Coefficients of Ions



Activity Coefficients of Ions



Ionic Strength



Ionic Strength and
Activity Coefficients



Activity Coefficients



Debye-Huckel 
Limiting Law

Activity Coefficients



Ionic Equilibria



Ionic Equilibria



Ionic Equilibria





Solubility Products



Solubility Products



Solubility Products



Solubility Products



Solubility
Products





Solubility 
Products 
Example


