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Abstract

Fullerenes are diffuse interstellar band carriers abundant in space, detected in nebulae, meteorites,
and comets [1,2]. Their stability, UV resistivity, and active electron surfaces make them candidates for a
catalytic role in prebiotic chemistry [3]. This work investigates the catalytic effect of C60 on the Miller-
Urey experiment reactions [4,5], which simulate the synthesis of organic molecules under early Earth
conditions.

Two driving factors for the origin of life are proposed: UV radiation as an accelerating agent, and
catalysis to overcome reaction barriers without biological enzymes. Fullerenes are suggested as prebiotic
catalysts due to their catalytic properties, UV absorbance, radiation resistance [6], and capacity to protect
molecules on their cage surfaces [3].

Four Miller-Urey reactions were examined under C60 catalysis using density functional theory [7]
within the local density approximation [8], implemented in the SIESTA code [9] with the Perdew-Zunger
functional [10]. A specialised constraint based on Hooke’s law was used to survey reaction energy land-
scapes. The reactions are: CO2 → CO + [O], CH4 + 2[O] → CH2O + H2O, CO + NH3 → HCN + H2O,
and CH4 + NH3 → HCN + 3H2.

Significant catalytic effects were observed. Activation barriers were reduced from 8.57 to 4.00 eV, 2.32
to 1.83 eV, 3.65 to 3.17 eV, and 6.24 to 5.29 eV respectively. An intermediate, methanediol, was discovered
in the formaldehyde formation pathway. While the C60-catalysed BMA barrier exceeds platinum catalysis
(2.0–2.5 eV) [11], platinum is rare in space whereas fullerenes are abundant, making C60 more plausible
for prebiotic chemistry.

These findings suggest fullerenes could have served as natural catalysts for prebiotic molecule forma-
tion, with implications for abiogenesis and panspermia.
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