
1.  The Rise and Fall of an Analogy 

Carbon and silicon were not always regarded as isova-
lent analogs of one another. The great Swedish chem-
ist, Jöns Jakob Berzelius (figure 1), who was the first to 
isolate silicon as a simple substance in 1823, thought 
that it most resembled boron (1, 2). This assignment 
was based on the fact that both elements formed acidic, 
nonvolatile oxides which could act as glass formers, 
and on a similarity in the appearance of the simple 
substances themselves, both of which had been pre-
pared only as highly-impure, amorphous, nonmetallic 
powders. This analogy was further reinforced by errors 
in the determination of their atomic weights, which 
assigned the analogous formulas, BO3 and SiO3, to 
their respective oxides, in sharp contrast to the formu-
las, CO and CO2, assigned to the oxides of carbon. 
With the gradual correction of atomic weights and the 
equally gradual substitution of “stoichiometric type” or 
valence, in place of acidity and electronegativity, as the 
preferred basis for chemical classification, silicon was 
reassigned as an analog of carbon. 

 In 1857, the German chemist, Friedrich Wöhler 
(figure 2), discovered silicon tetrahydride (SiH4), the 
stoichiometric and structural analog of methane (CH4), 
and the logical starting point for speculations on an 
alternative organic chemistry based on silicon rather 

than carbon (3). Ironically, however, Wöhler did not 
consider this possibility until 1863 and then only as a 
result of a faulty interpretation of his experimental 
data. Having obtained, via the hydrolysis of magne-
sium silicide, a series of apparent compounds of sili-
con, hydrogen and oxygen, he found it very difficult to 
assign them exact formulas. Possibilities suggested by 
his analytical data for one of these compounds in-
cluded Si8H4O6, Si6H3O4, Si12H6O8, etc. Since the only 
compounds that Wöhler knew of having equally com-
plex formulas were the organic compounds of carbon, 
he concluded that, regardless of which of these choices 
ultimately proved correct, it would correspond to (4): 

... a result of great interest in that it can be viewed as a 
compound constructed after the manner of an organic 
substance in which silicon plays the role of carbon in 
the organic material. Perhaps it can serve as the type 
for an entire series of similar bodies, and there would 
then exist the prospect of a special chemistry of silicon, 
similar to that which exists in the case of carbon. 
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Figure 1.  Jöns Jakob Berzelius (1779-1848).

Figure 2.  Friedrich Wöhler (1800-1882).



With the gift of hindsight, we would suspect that 
Wöhler’s organic analogs were in fact nothing more 
than poorly characterized samples of silicic acid in 
various stages of dehydration. 

 Though the preparation and isolation of the pure 
silicon hydrides would show little further progress un-
til the work of Alfred Stock in the 1920s, other classes 
of silicon compounds were soon discovered which 
proved to be more promising sources of inspiration for 
an alternative organosilicon chemistry than were Wöh-
ler's poorly-characterized silicate sludges. Already in 
1844, the French chemist, Jacques-Joseph Ebelmen, 
had successfully prepared a number of alkoxide deriva-
tives of silicon having the general formula Si(OR)4 (5), 
and in 1863 the French-American team of Charles 
Friedel and James Mason Crafts synthesized the first 
alkyl derivative – tetraethylsilane, Si(C2H5)4 (6). This 
work was continued by Friedel (figure 3), and espe-
cially by the German chemist, Albert Ladenburg (fig-
ure 4), throughout the last quarter of the 19th century, 
so that by 1916 the Swedish chemist, Artur Bygden, 
could list several hundred organosilicon compounds in 
his monograph Silicium als Vertreter des Kohlenstoffs’ 
organischer Verbindungen (7). 

 In summarizing the early work on organosilicon 
chemistry, it is important to realize that the carbon-
silicon analogy was used in two different ways by 
19th- and early 20th-century chemists. The first of 
these usages, which we will call the “strong analogy,” 

was the claim that it should be possible to build up a 
silicon analog of organic chemistry containing no car-
bon whatsoever. In other words, just as one constructs 
conventional organic chemistry from the hydrocarbons 
by preparing an almost limitless number of oxygen 
and nitrogen derivatives, so one should also be able to 
prepare large numbers of homocatenated polysilanes 
and their corresponding oxygen and nitrogen deriva-
tives (or, for the more adventuresome, their isovalent 
sulfur and phosphorus derivatives). This is, in fact, the 
prospect hinted at by Wöhler, and discussion of the 
possibility of silicon-based life in the popular science 
literature and among science-fiction writers is always 
based, either explicitly or implicitly, on claims for the 
validity of this strong analogy. 

 The second usage, which we will call the “weak 
analogy,”  was the more modest claim that it should be 
possible to modify or perturb conventional carbon-
based organic compounds by substituting isolated car-
bon centers with silicon. Here, quite naturally, the em-
phasis was placed on the substitution of key carbon 
atoms corresponding to optically-active centers, func-
tional groups, etc. The question of Si-Si chains arose in 
this context only in connection with the analogs of 
those functional groups corresponding to C-C multiple 
bonds. 

 Examination of Bygden’s monograph shows that 
virtually all of the work on organosilicon chemistry 
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Figure 3.  Charles Friedel (1832-1899).

Figure 4.  Albert Ladenburg (1842-1911).



done in the 19th and early 20th centuries was based on 
the weaker of these two claims. The vast majority of 
the compounds listed by Bygden were simple substitu-
tion products of the tetralkylmonosilanes, and in al-
most all cases they were assigned structures based 
solely on the assumption that an analogous stoichiome-
try with a corresponding carbon compound automati-
cally implied an analogous structure. Yet among popu-
lar writers, this work was often quoted as evidence for 
the validity of the stronger analogy. 

 The English-speaking reader can best catch the 
spirit of this tactic by reading a popular lecture given 
by the Irish chemist, James Emerson Reynolds, in 
1873, summarizing the early results obtained by Frie-
del and Ladenburg. Reynold’s provocative title, “On 
Alcohols from Flint and Quartz,” not only reveals how 
literally the strong carbon-silicon analogy was taken, 
but also that the art of attracting an audience with a 
less than forthright seminar title has an ancient and 
honorable history (8). 

 In 1899 the British organic chemist, Frederick 
Stanley Kipping (figure 5), began an intensive study of 
organosilicon compounds (in the sense of the weak 
analogy just outlined) that would eventually span 
nearly four decades. Perhaps the most important con-
tribution to come out of this work was Kipping’s dis-
covery of a new class of organosilicon oxygen deriva-
tives known as the silicones. Like his predecessors, 
Kipping, in his early work, naively assumed that 
analogous stoichiometry automatically implied analo-
gous structure. Consequently when he prepared a class 
of compounds having the general formula R2SiO, he 
naturally thought that he had discovered the alkyl 
silane analogs of the ketones R2CO – hence his use of 
the name “silicones” – a term equaled in the annals of 
chemical nomenclature for its misleading implications 
only by Lavoisier’s equally naive assumption that the 
composition of sugars and starches implied that they 
were literally hydrates of carbon (9). 

 However, by the time Kipping delivered his 1936 
Bakerian Lecture on “Organic Derivatives of Silicon,” 
summarizing his life’s work, time and experience had 
considerably dampened his earlier enthusiasm for the 
possibility of a silicon-modified organic chemistry (10): 

Even after a very short experience, it was evident that 
corresponding derivatives of the two elements in ques-
tion showed very considerable differences in their 
chemical properties; it may now be said that the prin-
cipal, if not the only, case in which they exhibit a really 
close resemblance is that of the paraffins and those 
particular silicohydrocarbons containing a silicon 
atom directly united to four alkyl radicals. But of far 
greater importance in any general comparison of car-

bon compounds with the organic derivatives of silicon 
is the fact that many, if not most, of the more important 
types of the former are not represented among the lat-
ter. Apparently this is not merely a consequence of the 
insufficient experimental investigation of silicon de-
rivatives but is due to the fundamental differences in 
the properties of the atoms of silicon and carbon ... 

In other words, after 40 years of research, Kipping had 
come to the conclusion that even the weak from of the 
analogy was defective, and subsequent work would 
soon show that his pessimism was fully justified. 

 As it turns out, the structures and chemistry of the 
silicones, silicols and other oxygen derivatives of the 
alkyl and arylsilanes are best viewed from the stand-
point of inorganic chemistry as progressively depoly-
melized derivatives of silica in which one or more 
bridging Si-O-Si bonds per silicon center have been 
formally replaced by terminal or capping R- or RO- 
groups: 

2(R-) + (=Si-O-Si=) → 2(=Si-R) + (-O-)                   [1] 

rather than from the standpoint of organic chemistry as 
simple substitutional analogs of the ketones, alcohols, 
etc. Indeed, this process parallels that observed in the 
purely inorganic realm when one depolymerizes silica 
via reaction with metal oxides, a process which leads 
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Figure 5.  Frederick Stanley Kipping (1863-1949).



to the formation of layer, chain, ring and isolated sili-
cate anions, as well as silicate glasses of varying vis-
cosity (figure 6). This may be “formally” viewed as the 
replacement of oxygen bridges by terminal (O-)1- 
groups, which are isolobal with the alkyl and aryl 
groups used in relation 1: 

2(O-)1- + (=Si-O-Si=) → 2(=Si-O)1- + (-O-)              [2] 

Though silicon has an extremely interesting and highly 
diversified chemistry, that chemistry is uniquely its 
own and is not just a simple (please, excuse the pun) 
carbon copy of that of carbon. 

 By 1946, when Eugene Rochow’s (figure 7) classic 
monograph, An Introduction to the Chemistry of the 
Silicones, appeared, not only had these facts concern-
ing the organosilicon oxygen derivatives been estab-
lished, but the work of the Braggs in X-ray crystallog-
raphy had shown the total absence, in the purely inor-
ganic domain, of any similarity between the structures 
of carbon dioxide and the carbonates, on the one hand, 
and the structures of silicon dioxide and the silicates, 
on the other; and Alfred Stock’s (figure 8) work on the 
silanes in the period 1916-1923 had totally undermined 
the strong form of the analogy by showing that the 

hydrides of silicon were highly sensitive to air and 
moisture and strictly limited in their propensity to un-
dergo homocatention – in short, that they were about as 
unlike the alkanes as one could imagine (11). The 
chemist’s naive faith in a simple silicon analog of or-
ganic chemistry in both its weak and strong forms was 
dead, and Rochow  provided the funeral oration (12): 

In these and in the many other ways in which silicon 
differs markedly from carbon, the differences arise 
from the larger size of the silicon atom, with the corre-
spondingly greater screening of its nuclear charge. 
Therefore, any attempt to force silicon into the frame-
work of classical organic chemistry or to predict the 
reactions of silicon purely by analogy with those of 
carbon compounds is likely to fail because of this fun-
damental difference ... If the reader has any doubt 
about this point, let him attempt to predict the behavior 
of the hydrides of silicon from a consideration of the 
hydrocarbons. 


 That more recent authors still agree with this 
evaluation is apparent from the remarks of the Ameri-
can chemist, Grant Urry, made nearly a quarter of a 
century after the publication of Rochow’s monograph (13): 
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Figure 7.  Eugene George Rochow (1909-2002).

Figure 6.  The analogy between the depolymerization of 
silica via capping with O1-, as found in the silicates, versus 
capping with alkyl groups, as found in the alkylsiloxanes.



It is perhaps appropriate to chide the polysilane enthu-
siast for milking the horse and riding the cow in at-
tempting to adapt the successes of organic chemistry in 
the study of polysilanes. A valid argument can be made 
for the point of view that the most effective chemistry of 
silicon arises from the differences with the chemistry of 
carbon compounds rather than the similarities. 

2.  From Silicon Chemistry to Silicon Life 

Based on this brief outline of the rise and fall of the 
chemist’s belief in the possibility of a silicon-based 
organic chemistry strictly analogous to that of carbon, 
to what extent did chemists further speculate on the 
possibility of a silicon-based biochemistry capable of 
serving as the basis of a silicon life-form? Quite sur-
prisingly, given the widespread belief among science 
fiction fans that this was a common fantasy of chem-
ists, I have found few examples of such speculations in 
the chemical literature and none before the turn of the 
20th century. The earliest example I could locate oc-
curs as an appendix in a monograph entitled Re-
searches on the Affinities of the Elements and on the 
Causes of the Chemical Similarity and Dissimilarity of 
Elements and Compounds published in 1905 by the 
British chemist, Geoffrey Martin, who later in his ca-
reer would, interestingly enough, become a coworker 
of Frederick Stanley Kipping (14). 

 The major premise of Martin’s monograph was that 
the pattern of properties for the elements in the peri-
odic table was pressure and temperature dependent and 
that it was possible to “equalize” the properties of two 
elements, especially if they were in the same group, by 
comparing them under widely different physical condi-
tions. In particular, Martin postulated a “critical tem-
perature and pressure” for each element’s chemical 
compounds. This corresponded to an upper limit on 
their stabilities and represented the conditions under 
which they displayed a maximum in their reactivity. 
After first observing that carbon-based life was limited 
to a small temperature-pressure range, Martin wrote (14): 

I suggest that the temperature range of animal life is 
probably nothing more or less than the range of the 
critical temperature of decomposition of a series of 
certain very complex carbon compounds which are 
grouped together under the name “protoplasm,” the 
external pressure of the atmosphere coinciding roughly 
with their critical pressures of decomposition. 

Given this assumption, the next step was obvious: 

We are therefore justified in asking whether there is any 
other element which at some other temperature could 

play the part now played by carbon at ordinary tem-
peratures in living organic matter? 

as was Martin’s answer to his rhetorical question: 

Silicon is such an element ...  There probably exists for 
silicon, as well as for carbon, a transition or critical 
temperature range whereat a large number of unstable 
silicon compounds are capable of momentary exis-
tence, a higher temperature rendering their existence 
impossible, while a lower temperature would make the 
compounds stable. At this transitional temperature the 
complex compounds would be capable of a continual 
metathesis, and thus give rise to the phenomenon of 
life; only in this case all forms of life would have as the 
determining element not carbon, but silicon. Seeing 
that in the case of carbon this temperature occurs 
when many of its compounds are in a semi-fluid condi-
tion,  and near their decomposing point, we should ex-
pect the corresponding temperature for silicon com-
pounds to occur when they, too, are in a pasty or semi-
fluid condition. 


 Last, but not least, Martin connected his specula-
tions with the geological history of the earth, which he 
assumed had been formed via the gradual cooling of an 
originally molten mass: 
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Figure 8.  Alfred Eduard Stock (1876-1946).



Have we any evidence which supports the view that 
living matter did not start originally with carbon, hy-
drogen, oxygen, and nitrogen as its fundamental ele-
ments, but started with elements of far higher atomic 
weights,  such as silicon, phosphorus, and sulphur, of 
which only vestiges now remain in the protoplasm? It 
must be remembered that our evidence could only be 
indirect; such life could have thrilled to an enormous 
extent in the white hot molten siliceous matter which 
covered the earth's surface in by-gone ages, and yet 
have left no traces of its existence behind; for when 
such forms of life died, their bodies would but blend 
again into the molten rock, in the same way that a 
jelly-fish dies and blends into the ocean of salt water 
without leaving a vestige behind ... 


 Similar ideas were expressed four years later by 
the Irish chemist, James Emerson Reynolds, whom we 
encountered earlier, in a popular lecture entitled “Re-
cent Advances in Our Knowledge of Silicon and Its 
Relations to Organized Structures” (15): 

We can conceive of the existence of similar groupings 
of other analogous elements forming other proto-
plasms capable of existing within much greater ranges 
of temperature than any plants or animals now known 
to us have to withstand. For example, we might imag-
ine a high temperature protoplasm in which silicon 
takes the place of carbon, sulfur of oxygen and phos-
phorus of nitrogen, either wholly or in part. 


 Reynolds had made no reference to such musings 
in his 1873 lecture on silicon analogs of organic com-
pounds, mentioned earlier, nor in his 1893 lecture on 
the same subject, which he presented to the Chemical 
Section of the British Association for the Advancement 
of Science as part of his presidential address for that 
year (16), and their appearance in his 1909 lecture 
leads to some interesting historical speculation. For 
though Reynolds failed to raise the issue of silicon life 
forms in 1893, a young British biology teacher, who 
summarized Reynolds’ presidential address for the 
Saturday Review in 1894, did (17): 

... at very much higher temperatures this immobility of 
silicon compounds might be exchanged for a vigorous 
activity ...  [and] at temperatures above the points of 
decomposition of the majority of the carbon-nitrogen 
compounds,  a silicon-aluminium series may conceiva-
bly have presented cycles of complicated syntheses, 
decompositions, and oxidations essentially parallel to 
those that underlie our own vital phenomena ... And if 
we are to admit the possibility that the chemical ac-
companiments of life were rehearsed long ago and at 

far higher temperatures by elements now inert,  it is not 
such a very long step from this to the supposition that 
vital, subconscious, and conscious developments may 
have accompanied such a rehearsal. One is startled 
toward fantastic imaginings by such a suggestion: vi-
sions of silicon-aluminium organisms – why not 
silicon-aluminium men at once? – wandering through 
an atmosphere of gaseous sulphur, let us say, by the 
shores of a sea of liquid iron some thousand degrees or 
so above the temperature of a blast furnace. 


 The name of the young biology teacher was Her-
bert George Wells, or H. G. Wells (figure 9), as he is 
now universally known. He had recently abandoned 
the teaching of biology for the more lucrative career of 
a free-lance writer and would publish his first major 
science fiction novel, The Time Machine, the very next 
year. Did Wells send Reynolds a copy of his review 
and did it play a role in shaping Reynolds’ explicit dis-
cussion of hypothetical silicon life forms in his 1909 
lecture? Unfortunately, we can only speculate on this 
possibility, though it is of interest to note that Wells 
himself never saw fit to make his “fantastic imagin-
ings” on this subject the theme of one of his science 
fiction stories. 

3.  The High-Temperature Fallacy 

The early speculations of Martin, Wells, and Reynolds 
are typical examples of what I call the “high tempera-
ture fallacy.” This approach uses the stoichiometric 
analogy of one class of compounds (the hydrides) to 
argue that silicon can take the place of carbon in or-
ganic chemistry (the chemistry of the hydrocarbons 
and their derivatives) in the strong sense of the carbon-
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Figure 9.  A  young H. G. Wells (1866-1946).



silicon analogy, and then proceeds to substitute a sec-
ond unrelated class of compounds (the silicates) in 
place of the original, while continuing to assume that 
the analogy remains unimpaired. More particularly, 
this fallacy, by taking silicon dioxide or silica, rather 
than silicon tetrahydride or monosilane, as its arche-
type for the behavior of silicon compounds, comes to 
the conclusion that, if silica can withstand higher tem-
peratures than carbon-based materials, then the same 
must be true of all other silicon compounds, and that 
consequently silicon-based life, if its exists, can do so 
only at high temperatures. 

 Yet another example of this approach can be found 
in the poem, “The Silicon Man,” which appeared in a 
popular 1915 text by Elwood Hendrick, entitled 
Everyman’s Chemistry. Since this is not the most ster-
ling example of English poetry to see the light of day, 
I've taken the liberty of editing out most of the less 
inspired verses (18): 

I saw a glowing silicon man 
Within my chamber fire, 
And heard him cry in agony 
“More fuel, or I expire!” 

“I am,” said he, “John Silicon, 
And I am so constructed 
That silicon’s my substitute; 
My carbon's all deducted.” 

“My tissues, nerves, and viscera 
Show this phenomenon: 
That just as you of carbon are 
I am of silicon.” 

At ordinary temperature 
His soul was frozen dead 
And only resurrected when 
The flames were blazing red. 

“My needs,” said he, “are very few; 
I want no meat nor bread, 
And if you feed the fire well 
You'll never find me dead.” 


 Though Stock’s work on the polysilanes, which 
destroyed the major premise of this flawed syllogism, 
should have put an end to this view of possible silicon 
life-forms, it is, in fact, still alive and well among writ-
ers on popular science, where it is now reinforced by 
the revised interpretation of the silicones as organic 
derivatives of silica, despite the fact that this revision 
invalidates their original interpretation as analogs of 
carbon-based organic compounds (19). This persis-

tence is, in my opinion, ultimately traceable, not just to 
a misuse of the analogy between silicon and carbon in 
the periodic table, but to an ancient and deep-seated 
human fascination with blurring the lines separating 
living and nonliving matter – with the time-honored 
superstition that minerals, rocks, and even the earth 
itself, may be primitive living organisms with infinitely 
slow metabolic rates. 

4.  The Biologist and Biochemist Also Disagree 

If one turns from the writings of the chemist to the 
speculations of the biologist and biochemist on the 
origins of life and looks for comments on the possibil-
ity of silicon-based life, one finds that the statements 
take on a decidedly negative tone. Examination of 
twenty 20th-century books on this subject (20-39) 
showed that either the authors did not consider this 
possibility worthy of discussion or were quite skeptical 
of such suggestions (40). Much more attune to the re-
quirements of metabolism, transport, replication and 
repair necessary to sustain a living organism, they were 
much less inclined to be enamored of superficial 
analogies of stoichiometry and valence implied by an 
excessively naive reading of the periodic table. 

 A good example of this critical attitude is the clas-
sic 1913 volume, The Fitness of the Environment, by 
the Harvard physiologist, Lawrence J. Henderson (fig-
ure 10), which was written one year before the nonmo-
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Figure 10.  Lawrence Joseph Henderson (1878-1942).



lecular structure of quartz was established by Bragg 
using X-ray crystallography. Commenting on the prob-
lems inherent in imagining the use of silicon com-
pounds in living systems, Henderson wrote (41): 

From time to time loose discussion has arisen among 
chemists as to the possibility of substituting another 
element for carbon in the organic cycle. Such specula-
tions have never been serious,  but they have at least 
demonstrated that very few elements,  probably only 
silicon and perhaps boron can even be imagined in 
such a role. It has moreover just been shown [i.e., ear-
lier in the book] that only carbon among the elements, 
and carbon itself only in conjunction with hydrogen, 
has the power to form the skeletons of compounds nu-
merous, complex, and varied like those of organic 
chemistry. But apart from this conclusion, it is certain 
that silicon and boron cannot be mobilized like carbon. 
Quartz, the oxide of silicon, is the most inert and im-
mobile of rocks; the oxide of boron is only less avail-
able as a movable constituent of the environment,  and 
there is no other stable compound of either element 
that can be compared with carbonic acid [i.e., carbon 
dioxide] for its mobility. 


 What Henderson is emphasizing here is the fact 
that all known living organisms are dynamic, open 
systems which require a continuous flow of matter and 
energy for their maintenance. Transport (or mobility, to 
use Henderson’s phrase) of the material components 
always involves the use of solutions or gases and it is 
the negligible solubility and volatility of the oxides of 
silicon and boron, as compared to that of carbon diox-
ide, that almost immediately eliminates these elements 
from practical consideration as carbon substitutes. 

5.  The Silicon Monster in Science Fiction 

Henderson’s observations about the lack of mobility of 
silicon dioxide versus carbon dioxide form the basis of 
one the earliest and most famous examples of a silicon-
based life form in the annals of science fiction – Stan-
ley G. Weinbaum’s short story, “A Martian Odyssey,” 
which was first published in 1934, about 20 years after 
Henderson’s book (42). Its author was a 32-year old 
chemical engineer (figure 11)  trained at the University 
of Wisconsin who had begun writing science fiction 
only a few months earlier and who would tragically die 
15 months later of throat cancer at age 33 (43). 

 The story itself concerns Dick Jarvis, a chemist 
connected with a successful space mission to Mars, 
who runs into trouble when his one-man scouting 
rocket develops engine trouble and he is forced to walk 
1800 miles back to the mother ship. Of course, he is 

rescued by another member of the crew before he cov-
ers this distance but not before he meets an intelligent 
bird-like alien named “Tweel” and the two of them 
encounter a variety of curious life forms in their trek 
across Mars (figure 11). 

 In the course of their journey they come upon a 
series of brick pyramids of ever-increasing size. In 
each case the capstone is broken off and the pyramid is 
empty. Eventually, however, they encounter one with 
the cap in place. As they are examining it, the top tier 
of bricks begins to shake and heave, and (42): 

A long silvery-grey arm appeared, dragging after it an 
armored body. Armored, I mean, with scales, silver-
grey and dull-shiny. The arm heaved the body out of 
the hole; the beast crashed to the sand, It was a nonde-
script creature [figure 12] – body like a big grey cask, 
arm and a sort of mouth-hole at one end; stiff, pointed 
tail at the other – and that’s all, No other limbs,  no 
eyes, ears,  nose – nothing! The thing dragged itself a 
few yards, inserted its pointed tail in the sand, pushed 
itself upright and just sat. Tweel and I watched it for 
ten minutes before it moved. Then, with a creaking and 
rustling – oh like crumpling stiff paper – its arm moved 
to the mouth-hole and out came a brick! The arm 
placed the brick carefully in the sand and the thing was 
still again. Another ten minutes – another brick. Just 
one of Nature’s brick layers. 
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Figure 11.  Stanley Grauman Weinbaum (1902-1935).



Jarvis soon realizes that he has encountered a silicon 
life-form (42): 

The beast was made of silica! There must have been 
pure silicon in the sand, and it lived on that. Get it? 
We, and Tweel and those plants out there, and even the 
bipods are carbon life; this thing lived by a different 
set of chemical reactions, It was silicon life ...  We’re 
carbon and our waste is carbon dioxide, and this thing 
is silicon and its waste is silicon dioxide – silica. But 
silica is a solid, hence the bricks. And it builds itself in, 
and when it is covered, it moves over to a fresh place to 
start over. 


 At one point in the story the ship’s biologist ques-
tions Jarvis’ conclusions, asking him how he knew it 
really was a silicon-based creature, and Jarvis snaps 
back, “Because I’m a chemist!” This may be, but it is 
also apparent from Jarvis’ description of the creature as 
taking nourishment through its so-called tail and re-
moving its waste products through its so-called mouth, 
that he is no biologist since his description of the crea-
ture is obviously (and I hope you will excuse my vul-
garity, but the phrase is so appropriate that I cannot 
pass it up)  “ass-backwards” and that he has actually 
encountered a species that has to shit the proverbial 
brick every ten minutes. 

 Though one of the first science fiction stories to 
sport a silicon-based life form, Weinbaum’s tale still 
remains one of the best – at least in the sense of having 

some contact with the realities of chemistry. In sharp 
contrast, in many stories which have appeared since 
the publication of Weinbaum’s classic, the chemistry is 
either unspecified or just down right wrong. Indeed, 
one of the best examples of the wrong category is the 
short story “The Devil in the Dark,”  which served as 
an episode of the original Star Trek series (44). This 
featured a silicon life-form called a “Horta” (figure 14) 
which spends its time instantaneously cutting man-
sized tunnels through silicate rock by spitting out its 
own blood. This, in turn, supposedly consists of a 
rather improbable mixture of aqua regia and hydroflu-
oric acid, which the author of the story not only imag-
ines is capable of instantaneously dissolving rock but 
also, when necessary, human bodies. Quite obviously, 
neither the author nor the screen writer had ever done a 
silicate analysis as they have no concept of the either 
the volume of liquid required (the creature is about half 
the size of a man)  nor the rate at which hydrofluoric 
acid and silica react. Likewise, no attention is given to 
the enormous volumes of silicon tetrafluoride gas 
which are necessarily produced by the creature as a 
result of its tunneling operations in what appears to be 
a normal oxygen - water environment suitable for hu-
man beings, Under these conditions, the silicon te-
trafluoride should partly hydrolyze back to hydrogen 
fluoride and silicon dioxide: 

SiF4(g) + 2H2O(g) → 4HF(g) + SiO2(s)                    [3]  
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Figure 13.  The author’s interpretation of Weinbaum’s
 “brick layer.”

Figure 12.  Jarvis and Tweel on their trek across Mars.



Yet Captain Kirk, Mr. Spock, and Bones run around in 
the resulting HF-SiF4 clouds with no apparent ill ef-
fects. Other elementary errors also abound: at one 
point Spock announces that teflon is made by reacting 
fluorine with silicon, the author repeatedly confuses the 
terms silicon and silica, and part of the resolution of 
the story rests on the mistaken impression that aqua 
regia doesn’t dissolve platinum. 

 Another defect common to most stories dealing 
with silicon creatures is a failure on the part of the 
author to postulate both a geochemical history and a 
contemporary environment that are compatible with 
the evolution of such life forms. Thus Weinbaum as-
sumed a pure silicon layer beneath the sandy surface of 
Mars, even though he also assumed an oxygen-rich 
atmosphere – a rather unlikely thermodynamic combi-
nation to survive the rigors of planet formation – and 
no explanation is given for where the Horta gets the 
materials necessary to generate the enormous volumes 
of hydrofluoric, nitric, and hydrochloric acids needed 
for its tunneling operations. 

 Finally, few authors appreciate the delicate inter-
play between form and function in living organisms 
and consequently they make no allowance for growth, 
repair and replication of their silicon creatures. What 
they are really describing are manufactured items made 
of the sorts of materials that an engineer would select 
in building a robot or android. Thus we are told that the 
Horta’s internal organs are made of teflon – nice to 
hold acids, but lacking any type of chemical function-
ality and hence any mechanism for repair, growth or 
replication. 

6.  Yet More Chemistry 

In closing, I would like to return again to the question 
of why silane chemistry is not the simple parallel of 

organic hydrocarbon chemistry in the strong sense of 
the carbon-silicon analogy implied by science fiction 
writers and by a naive freshman chemistry reading of 
the periodic table. In explaining the observed differ-
ences, at least four points of are interest (45-48): 

1.
 Comparison of the hydrogen derivatives of carbon 
and silicon shows that the silicon hydrides or silanes 
are thermodynamically unstable with respect to dispro-
portionation to their elements at STP but are kinetically 
metastable up to about 500°C (52). Cycloalkanes, al-
kenes, alkynes, and aromatic derivatives of carbon are 
likewise thermodynamically unstable but kinetically 
metastable with respect to disproportionation, whereas 
the alkanes and their oxygen derivatives are thermody-
namically stable. This point is emphasized in the graph 
in figure 15 which clearly shows the metastability of 
the cycloalkanes, alkenes, alkynes, and aromatics, and 
the corresponding thermodynamic stability of the al-
kanes and oxygen derivatives of the hydrocarbons. 

2. 
The hydrocarbons and their derivatives are all 
thermodynamically unstable but kinetically metastable 
with respect to oxidation and hydrolysis at STP. 
Silanes, on the other hand, are both thermodynamically 
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Figure 14.  Captain Kirk confronts the Horta.

Figure 15.  The thermodynamic stability of the hydrocarbons 
and their derivatives at STP.



and kinetically unstable. With the exception of pure 
monosilane, the silanes spontaneously ignite on contact 
with air and all of them rapidly hydrolyze in slightly 
basic water. 

3. 
 It has not been possible to synthesize derivatives of 
unsubstituted silanes containing functional groups 
strictly analogous to those found among the derivatives 
of the hydrocarbons, most notably those containing 
analogs of either C=C multiple bonds or C=O multiple 
bonds, both of which play a key role in the synthetic 
reactions used to build up complex carbon chains. 

4. 
Most conventional electronegativity scales give the 
order C > H > B > Si, which means that the polarity of 
the C-H bond is the reverse of that of the B-H and Si-H 
bonds. In effect, boranes and silanes are hydrides, 
whereas hydrocarbons are “carbides.” Consequently 
alkanes and silanes generally respond differently to 
substituent effects and to attacking reagents (12). 


 The role of C=C multiple bonds in point 3 can be 
further emphasized by comparing the energy change 
which accompanies the conversion of a C=C double 
bond into the equivalent number of C-C single bonds: 

EC=C - 2EC-C  =  -82 kJ/mol                                         [4]

a result which clearly suggests that C=C double bonds 
are kinetically metastable. Presumably not only are 
Si=Si double bonds thermodynamically unstable rela-
tive to the equivalent number of Si-Si single bonds, 
they are kinetically labile as well, since to date no one 
has succeeded in making a simple unsubstituted silene: 

ESi=Si - 2ESi-Si  <  0 kJ/mol                                          [5]

This surmise is further supported by the well-
publicized synthesis of the first Si=Si double bond in 
1981 by West, Fink and Michl using large sterically 
hindering mesityl groups to induce kinetic metastabil-
ity (49): 


 In a similar manner, the role of C=O double bonds 
in point 3 can be further emphasized by comparing the 
energy changes which accompany the conversion of 
C=O versus Si=O double bonds into the equivalent 
number of single bonds (45): 

EC=O - 2EC-O  =  +88 kJ/mol                                       [7] 

ESi=O - 2ESi-O  =  -282 kJ/mol                                     [8] 

As may been seen, the C=O double bond is thermody-
namically stable with respect to the C-O single bond, 
whereas the reverse is true of its silicon analog, and it 
is this key difference which, in turn, accounts for the 
difference in the molecularity of carbon dioxide versus 
silicon dioxide, for the difference in their transport 
properties emphasized more than 80 years ago by 
Henderson, for the waste disposal problems encoun-
tered by Weinbaum’s Martian “brick layer,”  and for the 
high temperature fallacy which characterized early 
speculations on silicon life-forms. 

 All of these facts converge to a single question:

Why are most hydrocarbons and their derivatives ki-
netically metastable at STP with respect to such reac-
tions as disproportionation, oxidation, hydrolysis and 
polymerization, whereas the corresponding silicon 
analogs are not? 

The usual answer involves the assumption of an asso-
ciative transition state for these reactions in which the 
coordination sphere of carbon and silicon is expanded 
to five: 

B’ + AB4 → [B’-AB3-B]  → AB3B’ + B                    [9]

This, in turn, is assumed to require octet expansion on 
the part of carbon and silicon and the use of outer d-
orbitals. Since these are energetically much more ac-
cessible in silicon than in carbon, this fact supposedly 
accounts for the lower activation energies observed for 
the silicon compounds and for their lack of kinetic 
metastability (45). 

 However, in 1982 Dewar and Healy published a 
paper giving the results of a detailed MNDO calcula-
tion for SN2 displacement reactions at tetrahedral car-
bon and silicon centers (50). Their results showed an 
activation barrier corresponding to the formation of the 
pentacoordinate intermediate for carbon, but none for 
silicon, even though no outer d-orbitals were included 
in the basis set. Indeed, the pentacoordinate intermedi-
ate for silicon actually appeared as an energy minimum 
(figure 16). As a result of these calculations, the 
authors concluded that the activation barrier for carbon 
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came largely from the increase in the ligand-ligand 
repulsions which accompanied the expansion of the 
carbon coordination sphere from four to five. On the 
other hand, these repulsions were found to be much 
less important in the case of silicon because of its 
larger size, and, indeed, were actually outweighed in 
this case by the favorable energy changes which ac-
companied the formation of the new bond to the in-
coming ligand. Other theoreticians, most notably Wer-
ner Kutzelnig, have also opted for this explanation in 
the case of the closely-related problem of the so-called 
hypervalent compounds formed by the heavier p-block 
elements (e.g., PCl5, SF6, etc.), preferring a model 
based on multicentered 3c-4e bonds and reduced steric 
crowding to one which uses traditional 2c-2e bonds 
and outer d-orbitals for octet expansion (46, 51). Thus, 
we have ironically come full circle, and have arrived 
again at Rochow’s 1946 statement. 

 Put colloquially then, the reason for the observed 
differences in the reactivity of carbon and silicon com-
pounds can be ultimately traced to a difference in the 
size of their respective atoms. The small size of carbon 
results in kinetic metastability, which can be manipu-
lated via changes in reaction temperature, solvent envi-
ronment and the use of catalytic agents, and which 
leads to the isolation of a wide range of “metastable” 
compounds with reactive functional groups. By way of 
contrast, the larger size of silicon results in kinetic la-
bility, leading to thermodynamic control of its reac-
tions and to the isolation of only a few highly stable 

compounds which are best characterized as relatively 
unreactive “thermodynamic sinks.” 

 Of course, in light of the work of West, Fink and 
Michl on the Si=Si double bond, mentioned earlier, 
one might argue that one could engineer both the nec-
essary kinetic control and the necessary functional 
groups into the chemistry of silicon via the use of large 
sterically hindering ligands, and indeed an increasing 
number of examples of this technique have been dis-
covered, including many cases of the successful substi-
tution of single, sterically-protected, carbon centers 
with silicon in conventional organic compounds, dyes, 
and natural products (52). However, this approach is 
best characterized as a perturbation on conventional 
carbon-based organic chemistry (i.e., our original weak 
analogy). As such, it does not correspond to the literal, 
naive silicon parallelism of an organic chemistry sans 
carbon (i.e., our original strong analogy) which in-
spired the silicon-life forms of the science fiction 
writer in the first place, 

 As compensation for this loss of innocence, it is at 
least worth pondering the irony that so large a differ-
ence as that which differentiates a living organism 
from a dead rock should find its ultimate explanation in 
so small a difference as that which differentiates the 
size of a carbon atom from that of a silicon atom. 
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