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Abstract 
What if Io, Jupiter’s volcanic moon, could host life based on silicon rather than carbon? With intense volcanic 
activity and a sulphur-rich atmosphere, Io’s conditions could support silicon-based biochemistry, challenging our 
understanding of life’s potential. Further research and exploration are needed to determine if life beyond Earth 
could exist here. 
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Introduction 
The search for life beyond Earth has traditionally 
focused on environments with carbon, as it is 
typically considered a key ingredient of life [1], yet 
extreme conditions elsewhere in the Solar System 
may also support alternative biochemistries. One of 
the most hostile worlds is Io, Jupiter’s innermost 
Galilean moon, known for its intense volcanism, 
extreme temperatures and sulphur-rich atmosphere 
[2]. These conditions make carbon-based life unlikely, 
but they may be favourable for silicon-based 
biochemistry. Silicon (Si) is abundant on Io [3] and can 
form complex molecular structures [4]. This paper 
explores the potential for silicon-based life on Io, 
considering the moon’s sulphur-rich environment, 
the unique properties of silicon and how life might 
arise and function under such extreme conditions. 
 
Io’s Harsh Environment 
Io is the most volcanically active object in the Solar 
System [5], with eruptions that eject pyroclastic 
material up to 500 km into space [6]. This extreme 
volcanism is driven by tidal heating from Io’s 
interactions with Jupiter and its neighbouring moons, 
generating immense internal friction and heat [7]. 
Io’s thin atmosphere is comprised of many gases, 
primarily sulphur dioxide [8], and ions, such as 
sodium. [2]. Temperatures vary widely, from 220 K to 
2800 K [9], and radiation from Jupiter’s 
magnetosphere bombards its surface with electrons 
and heavy ions [2]. Despite these harsh conditions, 
Io’s geologically dynamic environment offers a 

unique setting for chemical processes that could 
support alternative biochemistries, such as silicon-
based life. 
 

 
Figure 1 – Image of Io showing two volcanic 
eruptions, captured by Galileo in 1997 [10]. 

 
Silicon Chemistry and its Prospects on Io 
The concept of silicon-based life was first proposed 
by astrophysicist Julius Scheiner in 1891 [11] due to 
silicon's similarities to carbon. Both elements belong 
to Group 14, form sp³ hybrid orbitals and have high 
melting and boiling points. Silicon also forms versatile 
bonds with heteroatoms and metals and can create 
penta- and hexa-coordinate compounds [12]. Whilst 
silicon forms silicates and silanes, analogous to 
hydrocarbons, silanes combust readily in oxygen, 
limiting their stability in oxygen-rich environments 
[13]. In contrast, sulphuric acid may support more 
diverse organosilicon chemistry, enabling complex 
molecular structures [2], as silicon is more stable in 
sulphuric acid than in water. A notable example of a 
stable compound is the silicon analogue of benzene 
(Figure 2), demonstrating its ability to form stable 
cyclic structures. 
 

However, there is no evidence of sulphuric acid on Io. 
Although atmospheric O⁻ and H⁺ ions from Jupiter’s 
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magnetosphere [14] could theoretically react with 
sulphur dioxide to form sulphuric acid via 
photochemical processes, this may be limited by Io’s 
extreme radiation and thin atmosphere [8]. It is not 
currently known if this can occur on Io, but perhaps 
future missions such as the proposed Io Volcano 
Observer may provide more insight [15]. 
Nonetheless, silicon-based compounds may still form 
on Io’s surface due to the scarcity of available oxygen, 
including reactive forms such as radicals and water. 
The abundance of sulphur (S) [8] means that Si-S 
bonds may form, as well as others, including Si-Na.  
 

 
Figure 2 – Resonance structure of silicon-benzene 

analogue, which adopts a chair conformation in order 
to reduce steric strain and increase stability [4]. 

 
An important consideration of these bonds is their 
bond energies. While Si-Si bonds are weaker than 
their C-C counterparts, Si-O bonds are stronger than 
C-O bonds [4,16]. Sulphur, the most abundant 
element on Io [2], forms Si-S bonds with silicon, which 
have a bond energy of approximately 619 kJ/mol, 
compared to the bond energy of C-S bonds at around 
699 kJ/mol [16]. Although slightly weaker, Si-S bonds 
are still strong enough to support the formation of 
stable structures. Silicate rock is abundant on Io, and 
continuous volcanic activity recycles silicon 
compounds [14], providing opportunities for 
prebiotic chemistry. When considered alongside Io’s 
sulphur-rich environment, this raises the possibility 
that silicon-based life could evolve under extreme 
conditions. 
 
Io’s Volcanoes as an Energy Source 
Life on Io may depend on volcanic activity to provide 
abundant energy sources. Intense volcanic eruptions 
release significant amounts of sulphur dioxide into 
the atmosphere, which is oxidised to sulphate [17]. 
These volcanic activity-driven redox reactions, 
including sulphur oxidation, could facilitate energy 
metabolism and play a central role in the formation 
of complex molecules essential for life [18]. Silicon’s 
ability to form diverse bonds, including with metals 
and sulphur, and its capacity to shift between 
different coordination states (from IV to V and VI) 
could facilitate electron transfer in redox reactions, 

similar to the role carbon plays in Earth’s biological 
systems [19]. This would enable the formation of 
various compounds, which could serve as precursors 
to more complex molecular machinery, potentially 
powering the development of silicon-based 
biochemistry on Io [18]. 
 

Potential Adaptations of Silicon-Based Lifeforms 
Silicon-based life on Io would need to withstand 
extreme heat, sulphur-rich conditions and intense 
radiation. Its structure may rely on heat-resistant 
silicates and other polymers, forming stable, cell-like 
frameworks [4]. These compounds could provide 
stability to endure Io’s volatile surface. To cope with 
volcanic activity, organisms could have molecular 
adaptations against high-energy impacts [2], as well 
as the ability to thrive in anoxic environments, 
possibly utilising sulphur compounds for energy, 
therefore not requiring oxygen. 
 
Metabolically, these organisms could utilise sulphur 
oxidation or reduction for energy, as previously 
discussed, similar to Earth’s thermophiles such as 
Pyrolobus, which thrive at temperatures above 100°C 
[20]. Silicon-based catalysts could facilitate these 
reactions [18], enabling survival near lava flows or in 
geothermal pockets. Reproduction could involve 
silicon-based polymers as genetic carriers, acting as 
stable analogues to RNA or DNA [4]. These molecules 
would require error-correction mechanisms to 
withstand heat and radiation and prevent alterations 
equivalent to DNA mutations. Ecologically, sulphur-
driven ecosystems could support primary producers 
and consumers, with volcanic activity constantly 
recycling silicon and sulphur [2,14]. Silicon-based life 
on Io would differ fundamentally from Earth’s, 
uniquely adapted to thrive in one of the Solar 
System’s most extreme environments. 
 
Conclusion 
Io’s unique environment with extreme volcanic 
activity, abundant sulphur and silicon-rich chemistry 
faces multiple challenges for the formation of life. 
The harsh conditions make carbon-based life unlikely, 
but they may create conditions in which silicon-based 
biochemistry could occur. Volcanic eruptions could 
drive energy metabolism through redox reactions, 
while silicon’s ability to form diverse bonds could 
enable the formation of complex molecular 
structures. Despite its challenges, the potential for 
silicon-based life offers a fascinating possibility for 
alternative biochemistry. 
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