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Metals vs insulators
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. Silver (Ag): 6 = 6.3 X 10’ Sm™! . Airo~5x%x10"1 Sm™!
. Copper (Cu): 0 = 6.0 x 10’ Sm™! . Glass: 6~ 1071 Sm™!
. Gold (Au):6 = 4.1 x 10" Sm™! . ALOx: o = 10710 Sm™!

high electronic conductivity low electronic conductivity



lonic conduction
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> Yttrium stabilised zirconia

» Complex structure (see Lecture 8)

> No conduction electrons (band gap)

c~0.1Sm™!

. Copper (Cu):0 =6.0x 10" Sm™!
> Ale:;Z O — 10_10 Sm_l



- At every time step:

N(x,) = 10 N(x,) = 4

P(x1—>x2)=P(x2—>x1)EP
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- At every time step:

N(x) =7 N(x,) =7

P(x1—>x2)=P(x2—>x1)EP

~ Example: P = 0.5

concentration gradients
lead to diffusion X1 XD
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Random walk and diffusion
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https://www.youtube.com/watch?v=aTn56X_fa7Y

- Diffusion flux: number of 1ons crossing unit area in unit time

I
J = —
A
A
G
— PP 2.1
| G—— J : diffusion flux [m™“s™"]
4
4 [ : current of ions [s_l]
<+

A :area [m?)
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J.: diffusion flux ~ [m™%s7!]
D : diffusion coefficient or diffusivity ~ [m?s™!]

n . number density of diffusing particles (concentration)

X : position  [m]
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diffusion flux
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]x - — D—
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- lon of charge g: .
— — g])—

Jx q Py

J, - current density  [A m™~]

q : ionic charge |[C]

D - diffusion coefficient or diffusivity [mzs_l]

n - number density of diffusing particles (concentration)  [m™]

X : position  [m]
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. number density of diffusing particles (concentration) [m™]
. diffusion coefficient or diffusivity  [m?s™!]
. time [S]

. position  [m]
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Il :
V.
R :

current

voltage

resistance

[A]
[V]
[€2]

18

IR



[: current  [A] j: current density [Am™?]
V: voltage [V] E : electric field [Vm_l]

R : resistance [€2] o : conductivity [Sm™!]
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[ : current [A] J, - current density [Am_z]

V. voltage [V] E_: electric field  [Vm™!]
R : resistance [€2] o . conductivity [Sm_l]

V: voltage [V]

X : position  [m]
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], . current density [Am_z]

E_ : electric field [Vm_l]

X

o . conductivity [Sm_l]

drift current V: voltage [V]

X : positon  [m]
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Fick's equation with drift current
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drift current



diffusion current drift current

24



diffusion current drift current
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Nernst-Einstein equation

> Derivation of Nernst-Einstein equation in Problem Set 3
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