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HOMOGENOUS DYNAMIC
ELECTROCHEMISTRY

Simultaneous or coupled transport phenomena
. Conductivity of electrolytes (x, Ay, Ay°)

law of the independent migration of ions:
An=vidy tVv A

Overview of electrochemistry

Equilibrium electrochemistry Dynamic electrochemistry
(no current flows)

(current does flow)

Homogeneous  Thermodynamics of
electrolyte solutions:

« electrolytic dissociation
« thermodynamics and

activities of ions

Conductance of
electrolytes:

« electrolytic conduction
» mobilities of ions

* Kohlrauschlaws

Strong electrolytes:
Kohlrausch law: 4, =4,°—Kc”
Weak electrolytes: (a < 1, a = Ay/4,°)
Ostwald'’s dilution law
Mobilities of ions

Heterogeneous Thermodynamics of Kinetics of electrode
electrodes and Galvanic reactions:
cells: « exchange current
« electrochemical cells « overpotential

« celland electrode

potential

« types of electrodes

« Tafel equation
« Butler-Volmerequation
« electrolysis

lon fransport number
Consequences of ion-ion interactions

+ batteries

I. Conductivity of electrolytes

lonic conductivity: Ohm's law is valid: 1 =U / R,
Conductance G is the reciprocal of R:

as T increases, so does G

(opposite to metals).

Solution: ¥ conductivity: k=GI/ A=GC
(I: length of cell, A: surface, C: cell constant)

Concentration is important, molar
conductivity is used: A, =xlc

The limiting value of 4, at infinite dilution is

G=1/R,

I. Conductivity of electrolytes
I —
The limiting value of 4, at infinite dilution is
A0 (limiting molar conductivity).
The conductivity of the electrolyte is

obtained by adding the conductivities of
ions: law of the independent migration of

ions: 0 _
Ay =v. A +v A

oA, and A limiting molar conductivities of
(individual) cations and anions

o v, and v_: stoichiometric number of the cation

A,° (limiting molar conductivity). and anion
[I. Strong electrolytes
Cell- measuring [ies |
the )
conductivity of N Concept (definition): in a solution of a strong
electrolytes electrolyte, dissociation is practically complete
S 1 independently of the concentration, so a = 1.
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Weak and sfrong
electrolytes:
concentration
dependence of
conductivity
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Degree of dissociation (a): the ratio of
dissociated molecules. ida

Conductivity of electrolytes, ‘“
Kohlrausch law:

4, = A%~ Kc”

141 = Smo” kanét !

fel = kmol™! mr
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o K: a constant to be determined experimentailly; Y
depends primarily on the type of the electrolyte and
not on its identity
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I11. Weak electrolytes

The degree of dissociation is
reflected by the ratio of 4, and
limiting 4,,°: o= A,

1A,

= E )
Acid dissociation constant:
ca?
K, ="
-
T 1 STV
—= cA, +
Ay K (L A,

[V. Mobilities of ions

I —
drift speed(s)
mobilities of ions (u)
frictional coefficient(f)

Connection between mobility (u) and
conductivity (1)

fransport numbers (t, and t.)

determination methods for transport
numbers

['V. Mobilities of ions . Mobilities of ions
I —| I —
Molecular view: ions with radius ay,, are Molar conductivities of a few ions at 298 K
accelerated in a medium of viscosity n by an Callon gopscnt AW gersd
electric force of F,, but this is balanced by a _mah ™)
counter-force of friction F,;. (Stokes law). () s @ 1983
L 387 5 554
F, =ze¢ Fic = fs= Bmﬁhyd,s Na' 50.1 ;- 76.3
K 735 i 781
A stationary state is established with constant Bt oo s 763 u=2__%
drift speed: 5= ZeTE —ue . ;- kind f 6anay,
Ba™ 127.2 H i 409
The drift speed of the ion is the product of = ponss o
electric field e and ion mobility u. The value e % 'Zf)" v
of u: u _e__z ln 1056 mcr:h:' 3027
f GHUahydr Ce 2094 Fe(CN)* ™ 4420

V. Mobilities of ions
T

Connection between (ion) mobility and
(molar) conductivity: it is understandable
that the greater the mobility, the greater
the conductivity:

A=z2uF
So, for an infinitely dilute solution:
A =(zuv, +zuv F

for a symmetrical electrolyte:
A% =z(u, +u JF

V. Ion transport number

I ——|
lon transport number: the fraction of current
fransported by the ion:
Obviously: t,+t. = 1 !

The fransport number of an infinitely dilute solution is
obtained experimentally, with extrapolation.
On the other hand, it can also be calculated from
the ion mobilities: i

u, +u_

Determination methods for transport numbers:
o moving boundary method,

o Hittorf's method (measuring concentration change in
electrode compartments),

o comparisonof cell potentials with and without liquidjunction.
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V1. Ion-ion interaction
T

(see: Kohlrausch law: 4, = 43 - Kc*)

K=A+BA
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V1. Debye-Hiickel-Onsager theory

(A= AmIHS em” mol™)
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The use of the
Debye-HUckel theory
for ionic conduction.

Transport phenomena

Phenomenon gradient transport
Diffusion concentration. matter
thermal conduction  temperature enengy

How the molar conductivity
changes with changingionic
strength — Calculated curves

and measured data:




