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Basic Thermodynamic Formulation

dU = TdS + µ1dn1 + µ2dn2 + φdq

T, S thermal variables
µi, ni chemical variables
φ, q electrical variables

heat term

{

chemical work

{
electrical work

{

βα
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Basic Thermodynamic Formulation 
(continued)

dUα = TαdSα + µα
1 dnα

1 + µα
2 dnα

2 + φαdqα

dUβ = T βdSβ + µβ
1dnβ

1 + µβ
2dnβ

2 + φβdqβ

UT = Uα + Uβ

ST = Sα + Sβ

nT,1 = nα
1 + nβ

1

nT,2 = nα
2 + nβ

2

qα =
N�

i=1

Fzin
α
i

qβ =
N�

i=1

Fzin
β
i

α

β
3



The Electrode Potential
So the conditions for equilibrium are

µα
1 + z1Fφα = µβ

1 + z1Fφβ

µα
2 + z2Fφα = µβ

2 + z2Fφβ

Tα = T β we know this one

or equivalently: ηα
1 = ηβ

1

ηα
2 = ηβ

2

and yet, another way to look at it:

∆φα→β
1 =

∆µα→β
1

z1F
∆φα→β

2 =
∆µα→β

2

z2F
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Electrochemical Driving Force
Anode CathodeElectrolyte

∆ϕ =
µc
Li

zF
− µa

Li

zF

ϕa =
µa
Li

zF
ϕc =

µc
Li

zF
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Method of Intercepts

n

∆Gm

µ1

µ2

∆Gm

n 1-n

µ2 = ∆Gm +
∂∆Gm

∂n
(1− n)

µ1 = ∆Gm −
∂∆Gm

∂n
n

∂∆Gm

∂n
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The Common Tangent and Lever Rule

n

∆Gm

0 1

µα
2 = µβ

2
µα

1 = µβ
1

α

β

free energy in the miscibility gap:

fαfβ+ =1

fαfβ
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Phase Diagrams and Material Potential
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The LiFePO4 System

N. Meethong, H-Y. S. Huang, W. C. Carter, and Y.-M. Chiang “Size-Dependent Lithium Miscibility Gap in Nanoscale Li1−xFePO4.” 
Electrochemical and Solid-State Letters, 10 (5) A134-A138 (2007).9
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LiFePO4 Intercalation Process

D. A. Cogswell and M. Z. Bazant "Coherency Strain and the Kinetics of Phase Separation in LiFePO4 Nanoparticles." ACS Nano (6): 2215-2225, 2012.



The Bi-Li System
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Sb-Li System
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Anton Van der Ven, Purdue University, 2010

The LiCoO2 System
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The C6-Li System
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The C-Li System
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Reminder: The Electrode Potential

So the conditions for equilibrium are

µα
1 + z1Fφα = µβ

1 + z1Fφβ

µα
2 + z2Fφα = µβ

2 + z2Fφβ

Tα = T β we know this one

or equivalently: ηα
1 = ηβ

1

ηα
2 = ηβ

2

and yet, another way to look at it:

∆φα→β
1 =

∆µα→β
1

z1F
∆φα→β

2 =
∆µα→β

2

z2F
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Thermal Effects

∆G = ∆H − T∆S

∆G/zF = ∆φ

However, we also concluded that:

therefore:
∂∆φ

∂T
= −∆S

zF

∂∆G/T

∂1/T
= ∆H

∂∆G

∂T
= −∆S

∂2∆φ

∂T 2
= − Cp

zFT

and also:
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∆H = zF

�
∆φ− ∂∆φ

∂T
T

�



Thermal Effects and Phase Transitions

α

β

∆S

Cp

∆φ
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Li-Sb-Bi System
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