
Solution 

a) Acidic version of the O2 reduction reaction is (cathode reaction):
𝑶𝟐 + 𝟒𝑯+ + 𝟒𝒆− → 𝟐𝑯𝟐𝑶

Anode Reaction: 

𝑵𝟐𝑯𝟒𝑪𝑶 +  𝟏/𝟐 𝑶𝟐 → 𝑵𝟐 + 𝑪𝑶𝟐 + 𝟒𝑯+ + 𝟒𝒆−

So Overall Cell Reaction is: 

𝑵𝟐𝑯𝟒𝑪𝑶 +  𝟑/𝟐 𝑶𝟐 → 𝑵𝟐 + 𝑪𝑶𝟐 + 𝟐𝑯𝟐𝑶 

Solution 

b) Standard potential E0 for the cell reaction, i.e. the potential at standard temperature and pressure

(STP) when no current is drawn, is obtained by dividing the Gibbs’ energy change of the reaction at

STP, 𝛥𝐺0 by the Faraday constant 𝐹 (96 485.3 𝐶
𝑚𝑜𝑙) and the number of electrons transferred in one 

reaction 𝑧,

𝐸0 =  − ∆𝐺0

𝑧 ∗ 𝐹
For urine fuel cell: 

∆𝐺0 = ∆𝐺𝑓
0(𝐶𝑂2) +  ∆𝐺𝑓

0(𝐻2𝑂) −  ∆𝐺𝑓
0(𝑢𝑟𝑖𝑛𝑒) = − 394.39 − 2 ∗  237.14 + 196.8

= −671.87 𝑘𝐽/𝑚𝑜𝑙 

𝑧 = 4 

Thus: 

𝐸0 =  671.87 ∗ 103

4 ∗ 96485.3 ≈ 𝟏. 𝟕𝟒 𝑽 

c) As it is given (cathode reaction):
𝑶𝟐 + 𝟐𝑯𝟐𝑶 + 𝟒𝒆− → 𝟒𝑶𝑯−

Thus, anode Reaction: 

𝑵𝟐𝑯𝟒𝑪𝑶 + 𝟏
𝟐 𝑶𝟐 + 𝟒𝑶𝑯− → 𝑵𝟐 + 𝑪𝑶𝟐 + 𝟒𝑯𝟐𝟎 + 𝟒𝒆−
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So Overall Cell Reaction is: 

𝑵𝟐𝑯𝟒𝑪𝑶 +  𝟑/𝟐 𝑶𝟐 → 𝑵𝟐 + 𝑪𝑶𝟐 + 𝟐𝑯𝟐𝑶 

Solution 

d) Standard potential for the cell reaction calculated in part b is”

𝐸0 = 1.74 𝑉 

𝐸0(𝑎𝑙𝑘𝑖𝑛𝑒) =  1.74 − 0.4 = 𝟏. 𝟑𝟒 𝑽  

𝐸0(𝑎𝑐𝑖𝑑𝑖𝑐 ) =  1.74 − 1.23 = 𝟎. 𝟓𝟏 𝑽 

Solution 

The central equation describing the thermodynamics of fuel cells is the Nernst equation 

𝑈0 = 𝑈00(𝑇0, 𝑝0) − 𝑅𝑇
𝑧𝐹 𝑙𝑛 ( 𝑝𝐻2𝑂

𝑝𝐻2 ∗ √𝑝𝑂2
)

As all reactions in a fuel cell take place in the gas phase, these activities are equal to the partial 

pressures in bar. In our case the Nernst equation can be simplified a bit by assuming the activity of 

water is 1. This is possible because the cell is kept so humid that the activity of water does not change 

dramatically for different temperatures or gas pressures. The simplified equation is 

𝑈0 = 𝑈00(𝑇0, 𝑝0) + 𝑅𝑇
𝑧𝐹 𝑙𝑛(𝑝𝐻2 ∗ √𝑝𝑂2)

We are given 

𝑝𝐻2 ′ = 10 ∗  𝑝𝐻2.

Thus: 

𝑈0′ =  𝑈00(𝑇0, 𝑝0) + 𝑅𝑇
𝑧𝐹 𝑙𝑛 (𝑝′

𝐻2
∗ √𝑝𝑂2) = 𝑈00(𝑇0, 𝑝0) + 𝑅𝑇

𝑧𝐹 𝑙𝑛(10 ∗ 𝑝𝐻2 ∗ √𝑝𝑂2)

=  𝑈00(𝑇0, 𝑝0) + 𝑅𝑇
𝑧𝐹 𝑙𝑛(𝑝𝐻2 ∗ √𝑝𝑂2)  + 𝑅𝑇

𝑧𝐹 ln 10 = 𝑼𝟎 + 𝑹𝑻
𝒛𝑭 𝐥𝐧 𝟏𝟎 

𝑅𝑇
𝑧𝐹 ln 10 = 8.31 ∗ (273 + 25) 

2 ∗  96485.3 ∗ ln 10 ≈ 𝟎. 𝟎𝟐𝟗𝟓 𝑽 

𝐴𝑛𝑠𝑤𝑒𝑟:  Cell voltage increases by 0.0295V. 
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