
3 / 1 Elektrolyte und Leitfähigkeit

Themen:

• Elektrolyte

• Mechanismus der Ionenleitung

• Leitfähigkeit von Lösungen

• ionische Leitfähigkeit von Festkörpern 
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Interaction of ions with dipole moments of solvent:

• real free energy of solvation DGsol
r :

- interaction energy with solvent volume

- work due to surface dipole

• tabulated values DGsol :

- interaction energy with solvent volume 

measured vs. reference (H+)

- increases with zion, esolv

- decreases with rion
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Positions of (solvated) ions in equilibrium determined by:

• electrostatic interactions ( ordering)

• thermal motion ( random arrangement)

 spherical distribution of counter ions

Screening of ionic electrostatic potential f(r) by 

excess charge r(r) of counter ions quantitatively 

described by Debye-Hückel model:
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c [mol/dm3] 10-4 10-3 10-2 (10-1)

LD [nm] 30.4 9.6 3.04 (0.96)

1-1 electrolyte (NaCl), 300 K
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Ion migration in electric field:

Acceleration in electric field compensated

by Stokes friction term: J
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Total current carried by anions and 

cations:
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 I  U: ohmic behavior

Experimental conductivities confirm 

assumption of independent migration 

of ions (Kohlrausch’s law)
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conductivity

[-1cm-1]

ions

pure benzene 510-14 H+, OH-

(H2O traces)

pure water 610-8 H3O
+, OH-

(dissoziation)

1 M NaCl 0.07 Na+, Cl-

1 M KOH 0.18 K+, OH-

1 M H2SO4 0.37 H3O
+, SO4

2-

copper 6105 free electrons

Conductivity at room temperature

Haman/Vielstich
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Haman/Vielstich
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Conductivity per ion at 

infinite dilution:

• Experimental trends explained 

by:

• Anomalous high conductivity

of H3O
+ and OH-:

+

fast proton transfer + 

charge reorganization



3 / 7 Ionische Leitfähigkeit

Quantitative microscopic theory (Debye-Hückel-Onsager theory)

Spherical distribution of counter ions in electric field 

• Relaxation effect:

ion shifted vs. center of counterion distribution

 retarding electrostatic force

• Electrophoretic effect:

microscopic collisions with (solvated) counter ions

 friction force

Results confirm Kohlrausch’s law
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Direkter Austausch

Transport über Fehlstellen

Transport über Zwischengitterplätze

Transportmechanismen in Festkörpern
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T. Wei et al., Energy Environ. Sci., 2014,7, 1680-1684 

Anwendungen

(La0.80Sr0.20Ga0.83Mg0.17O3−δ )

(Y2O3-stabilized ZrO2 )

(Sr3−3xA3xSi3−3yGe3yO9−1.5(x+y) )


