
MF22 Equation Sheet 

Calculating the thermodynamics of fuel cells 

∆𝐺 = −𝑛𝐹𝐸𝑂𝐶  

Nernst Equation 

𝐸𝑂𝐶 = 𝐸𝑂𝐶
𝑜 −

𝑛𝐹

𝑅𝑇
ln (

[𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠]

[𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠]
) 

for fuel cell (
[𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠]

[𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠]
) = (

[𝐻2𝑂]

[𝐻2]√[𝑂2]
)   

Temperature dependence of EOC 

𝐸𝑂𝐶 = 𝐸𝑂𝐶
𝑜 +

∆𝑆

𝑛𝐹
(𝑇 − 𝑇𝑜) 

Butler-Volmer Kinetics 

𝑖 = 𝑖𝑜 ([𝑂2]∗𝑒
𝛼𝐹
𝑅𝑇𝜂 − [𝐻2𝑂]∗2𝑒−

(1−𝛼)𝐹
𝑅𝑇 𝜂) 

Potential Losses 

𝐸𝑙𝑜𝑠𝑠 = η𝑎 + η𝑐 + 𝑗𝑅𝑚𝑡                      𝐸𝑐𝑒𝑙𝑙 = 𝐸𝑂𝐶 − 𝐸𝑙𝑜𝑠𝑠 

Activation Polarisation 

∆𝑉𝑎𝑐𝑡 = η = 𝐸 − 𝐸𝐸𝑄𝑀 =
𝑅𝑇

𝛼𝐹
ln (

𝑖

𝑖𝑜
) 

Concentration Polarisation 

∆𝑉𝑐 = 𝐸 − 𝐸𝐸𝑄𝑀 =
𝑅𝑇

𝑛𝐹
ln (

[𝐶∗]

[𝐶𝑜]
) 

Ohmic Resitive Losses 

𝑉𝑂ℎ𝑚 = 𝑖 𝑥 𝑅𝑡𝑜𝑡𝑎𝑙 

Fuel Cell Efficiency 

𝜉 = ∆𝐻
𝑉

𝑛𝐹
=

𝑉

1.482
 𝑓𝑜𝑟 ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 

Linear Approximation of IV Curves 

𝑖 =
𝑉𝑂𝐶 − 𝑉𝑐𝑒𝑙𝑙

𝑘
 

𝑊 = 𝑉𝑐𝑒𝑙𝑙  𝑥 𝑖 

𝑊𝑚𝑎𝑥 =
𝑉𝑂𝐶

2

4𝑘
 𝑎𝑛𝑑 𝑖𝑠 𝑟𝑒𝑎𝑐ℎ𝑒𝑑 𝑤ℎ𝑒𝑛 𝑉𝑐𝑒𝑙𝑙,𝑊𝑚𝑎𝑥

=
𝑉𝑂𝐶

2
  

Stoichiometry Factor 

𝜆 =
𝑛𝐹𝑁𝐻𝑤

𝐼
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Efficiency of Thermoelectric Devices 

𝑍𝑇 =
𝑆2𝜎𝑇

𝜅
 

Kinetic of Nucleation 

∆𝐺 = 4𝜋𝑟2𝛾 +
4

3
𝜋𝑟3∆𝑔𝑣 

𝑟𝑐 = −
2𝛾

∆𝑔𝑣
 

∆𝐺𝑐 =
16𝜋𝛾3

3(∆𝑔𝑣)2 

Nucleation Rate 

𝑘𝑛 = 𝐴𝑒
−(

∆𝐺𝑐
𝑘𝑇 )

 

Gibbs-Thomson Relationship 

𝑙𝑛𝑆 =
2𝛾𝑣

𝑘𝑇𝑟
 

DVLO Theory (Attractive Van der Waals and Electrical Repulsion) 

𝑉𝐴 =
𝐴𝑎

12
𝐻 

𝑉𝑅 = 𝜀𝑎ψ𝑜
2 ln(1 + 𝑒−κ𝐻) 

𝜅−1 = √
𝜀𝑜𝜀𝑟𝑘𝑇

2𝑁𝐴𝑒2𝐼
 

Brus Equation 

𝐸𝑄𝐷 = 𝐸𝐵 +
𝜋2ℎ̅

2𝑅2 (
1

𝑚𝑒
∗ +

1

𝑚ℎ
∗ ) 

Dynamic Light Scattering 

𝐷 =
𝑘𝑇

6𝜋𝛼𝜂
 

X-Ray Photoelectron Spectroscopy 

𝐾𝐸 = ℎ𝑣 − 𝐵𝐸 − ϕ 

𝐵𝐸𝐹 = ℎ𝑣 − 𝐾𝐸 − ϕ𝑠𝑝𝑒𝑐  
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Optical Resolution 

𝐷 =
λ

2𝑆𝑖𝑛𝜃
 

Probe Sample Convolution 

𝐿 = √4𝑅𝑟 

Bell Evans Model 

< 𝑓∗ > =
𝑘𝑏𝑇

𝑥𝑡
ln (

𝑟𝑥𝑡

𝑘𝑜𝑓𝑓𝑘𝑏𝑇
) 

Friddle-Noy Model 

< 𝑓∗ > = 𝑓𝑒𝑞 +
𝑘𝑏𝑇

𝑥𝑡
ln (1 + 𝑒−𝑔

𝑟𝑥𝑡 

𝑘𝑢(𝑓)𝑘𝑏𝑇
)  

FRET 

𝜙𝑓 =
𝑝ℎ𝑜𝑡𝑜𝑛𝑠 𝑒𝑚𝑚𝑖𝑡𝑡𝑒𝑑

𝑝ℎ𝑜𝑡𝑜𝑛𝑠 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑
 

𝐼 = 𝐼𝑜𝑒
−(

𝑡
𝜏)

 

 


