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Supplementary Note 1. Calculation of thermodynamic values for liquid fuels

The thermodynamic values of liquid fuels were calculated from the oxidation reaction and values 
from standard tables from the NIST Standard Reference Database1 and chemical handbooks.2–4. 

The standard Gibbs free energy of reaction  of species  at 25 °C was calculated from the Δ𝐺 ∘
𝑟,𝑖 𝑖

oxidation half-reaction through

Δ𝐺 ∘
𝑟,𝑖 = ∑

𝑗

𝜈𝑖Δ𝑓𝐺 ∘
𝑖

where  is the stoichiometric coefficient for species  and  is the standard Gibbs free energy 𝜈𝑖 𝑖 Δ𝑓𝐺 ∘
𝑖

of formation for species .𝑖

The standard oxidation potential was calculated using the relation𝐸 ∘

𝐸𝑖
∘ =‒

Δ𝐺 ∘
𝑟,𝑖

‒ 𝑧𝐹

where  is the number of electrons transferred per mole of liquid fuel oxidation and  is Faraday’s 𝑧 𝐹
constant (96485 C mol-1).

The overall cell potential was calculated assuming that the oxygen reduction reaction (ORR) 
occurs at the cathode with the following equation,

𝐸 ∘
𝑐𝑒𝑙𝑙,𝑖 = 𝐸 ∘

𝑂𝑅𝑅 ‒ 𝐸 ∘
𝑖

The specific energy of liquid fuel  ( ) was then calculated using𝑖 𝑆𝑖

𝑆𝑖 =
‒ 𝑧𝐹𝐸 ∘

𝑖

𝑀𝑖

where  is the molar mass of liquid fuel . Using the density of liquid fuel  at room 𝑀𝑖 𝑖 𝑖 (𝜌𝑖)
temperature and atmospheric pressure, the energy density  was calculated by𝐷𝑖

𝐷𝑖 = 𝜌𝑖𝑆𝑖



Figure S1. Schematic demonstrating the shifts in d-band center due to changes in the electronic 
structure of a metal surface.
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