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Abstract:   

 Upon learning that all life on Earth is essentially based upon the element carbon, 

one may be compelled to ask that question “Why couldn’t organic life evolve from a 

different element?” This research project seeks to discover reasons why life favors a 

carbon base and to determine the feasibility of life based upon a substitute element, 

namely silicon. 

Background: 

 It is a widely known fact that all conventional forms of life are carbon based.  

Although most life forms contain a large majority of the elements hydrogen and oxygen 

(from water), the chemical processes which make something “alive” require carbon based 

molecular structures.  The human body uses some of the rather unique properties of 

carbon to function, primarily properties which involve the storing of energy and the 

creation of highly complex molecules and structures.  Large heterogeneous carbon-chain 

molecules such as ATP and ADP store energy through chemical processes and carbon 

itself locks varying amounts of energy into homogenous double and triple bonds.  The 

advantage of carbon’s ability to form large structures is demonstrated in the DNA 

molecule, which is sufficiently intricate to constitute the foundation of all life (Lo, 2000). 

 Clearly life depends heavily on the chemical properties of carbon to function.  

However, one may speculate that another element could replace carbon, serving the same 

purposes with a slightly different result.  Silicon is often suggested as an alternative.  

Like carbon, silicon possesses four valence electrons, meaning that it can bond to four 

other atoms  (instead of just one or two, i.e. hydrogen and oxygen respectively) and 

therefore should be able to form carbonaceous chains.  Carbon and silicon reside in the 



same column of the periodic table, thus they should be chemically similar based on 

the law of periodicity. With the knowledge that carbon and silicon have similar 

chemical properties and that silicon is the second most abundant element in the 

earth’s crust (much more abundant than carbon), one must ask not only whether 

silicon life can exist but also why it does not exist already.  The answer, which is the 

subject of the experimentation, lies primarily in the size and orbital energy difference 

between and atom of carbon and an atom of silicon.  A silicon atom has eight more 

electrons than a carbon atom and its’ homogenous bond length is 235 pm in comparison 

to carbon’s 77 pm.  Silicon’s larger electron cloud subjects its’ bonds to a greater 

magnitude of shielding, thus a silicon bond is generally weaker than a carbon bond.  This 

difference alone is enough to explain why carbon makes life and silicon makes rocks, at 

least, in standard terrestrial conditions.  The aim of the experimentation is to determine 

that either the differences between carbon and silicon can be overcome or that silicon’s 

chemical properties are simply not fit for the formation of any life. 

Methods: 

 Using the PC Spartan Pro v 5.1 Molecular Modeling and Computational 

Chemistry software, a comparison of carbon and silicon was drawn and the properties of 

each were tested.  Running a high level of calculation (density functional), the Spartan 

application optimized the geometries of test molecules, calculated total energies and 

mapped bond density surfaces at standard isovalues (.08 electrons/ Å ³).  Through these 

methods, the stability and interactions of silicon and carbon in organic type molecules 

can be empirically investigated and the feasibility of silicon-based life can be determined. 

 



Results: 

 Several different experiments comparing actual carbon molecules to theoretical 

silicon molecules of the same structure were performed.  The first involved the modeling 

of C2H2 and Si2H2: 

              

                       C2H2                                                                     Si2H2 

C2H2 is a simple carbon molecule with a carbon-carbon triple bond, the simplest carbon 

molecule containing triple bonding.  The silicon version produced a molecule with over 

one-sixth the bond energy of the carbon molecule and with a low electron density in the 

triple bonding region, suggesting a highly unstable, weakly bonded compound.  The 

nonlinear shape suggests that Si2H2 probably cannot exist stably and that silicon cannot 

form triple bonds under standard chemical conditions. 

 A similar test was performed with C2H4 and Si2H4 with comparable results:  

                                    

                   C2H4                                                                      Si2H4     

The silicon compound had a very high energy and low electron density in the bond area 

(yellow lines), suggesting that the silicon-silicon double bond is very weak and that 

silicon probably does not form double bonds. 



The third experiment involved modeling a benzene ring (C6H6) with silicon 

atoms.  Benzene rings occur in almost all large unpolymerized organic molecules as 

phenyl groups and alter molecular properties critically. 

    

                           C6H6                                                        Si6H6 

Again, the results suggest that silicon cannot form a carbon-like structure.  The 

Si-Si-H bond angle is much too severe and is most likely not stable.  Because the silicon 

atom is larger than the carbon, it cannot duplicate carbon’s π bonding, which is necessary 

to stabilize the delocalized electrons in C6H6 and sustain the resonant ring structure.  The 

results suggest that silicon cannot form a stable six-member ring.   

Another test involved the creation of the products of the respiration process.  In 

normal respiration, the reaction C6H12O6 + 6O2  6CO2 + 6H2O + energy occurs.  The 

CO2  produced is a gaseous waste substance that is easily excreted.  If such a reaction 

were to occur with silicon, SiO2 would be produced instead.  When modeled, SiO2 forms 

a solid instead of a gas, which is not easily removed from an organism (Darling, 2000).  

Because silicon has such a high affinity for oxygen, such a solid would occur often, 

making for a rather brittle creature.  Both details would severely complicate an 

organism’s physiology.  



           

    SiO2 network solid forming                CO2, little interaction 

Other rings that could substitute for benzene, such as the heterogeneous structures 

modeled below, also did not form well. They had high energies and low density around 

the silicon atoms; however the individual bond densities were high enough such that a 

molecule might be sustained in appropriate conditions (C4O ring bond density for 

comparison). 

  

          Si4O (5 member ring)                 C4O ring        Si4N2 ring 

Silicon’s inability to form most long chains is evinced below: 

SinH2n+2 polymer  

CnH2n+2 polymer  

The bond density in the silicon chain is too low to sustain the polymer.  Without such 

carbon-like chains, indispensable organic molecules such as glucose and various fats 

could not exist for an organism to utilize (Dessy, 1998). 



 Some empirical evidence in support of the possibility of silicon-based life 

does exist: 

SinC2nH2n+2On+1 (central atoms = silicon) 

Silicon can form a stable chain in a silicon-carbon hybrid. 

 Silicon also interacts with hydrofluoric acid (a weak acid), a substance that could 

be used as a solvent for separating specific molecules (Silicon, 2001); water acts similarly 

in plant and animal life by sorting various vitamins based upon differential solubility. 

HF and SiO2 interaction           HF and CO2 repulsion 

Porous structures called “zeolites,” which are mineral-like combinations of 

metalloids, such as silicon, can act as semi-permeable membranes (like cell walls), 

allowing certain molecules to pass through while restricting others (Falconer and 

Noble).  The zeolite at the bottom left is transporting a xylene molecule. 

                            

                                      zeolitic silicate structures 

 

Conclusion: 



 Upon reviewing the experimental data collected it seems rather unlikely that 

silicon based life would exist in a terrestrial setting, at least, in a traditional biological 

sense.  Silicon simply cannot form as diverse a range of molecules as carbon under 

natural conditions; however silicon does have unique properties which carbon does 

not possess, such as a high affinity for oxygen and the ability to form zeolitic mineral 

structures.  Considering current developments in chemistry and artificial 

intelligence, it is impossible to determine what could be synthesized in the future. 
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