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The very nature of experimental science is to observe the world around us, question it, intervene in
it in order to broaden the range of possible observations, and, then, to model it in order to explain it.
For physicists, chemists and biologists, explaining the universe, matter and life itself, means, above
all, trying to understand them in order to use them, control them, copy them and even recreate them.

Wednesday, June 21st, 2006, 6.54 am. The night train from Geneva (CH) enters Pau (FR) railway
station.

It is dawn in this small Pyrenean city and we chemists, who have always been fascinated by the
almost godlike power of our field of research, are about to embark on a similar mission. Arriving in
the summertime peace of a deserted lab, after several weeks of research and preparation, the next
few days will be devoted to reproducing one of the most extraordinary feats in which our
predecessors invested their hearts and souls: recreating life.

The breakthrough experiments of Stéphane Leduc® which we are about to rediscover are not very
well known. At best, from time to time, chemists attempting to explain their art to the general public
will show astonished audiences the amazing shapes and colours of these osmotic growths
commonly known as ‘chemical gardens’ (figure 1)2. They are relatively easy to realise, at least in
their most elementary form, as can be seen in the chapter Chemical Recreations in Oliver Sacks’
book Uncle Tungsten: Memories of a Chemical Boyhood *:

“I commandeered the kitchen table to make a ‘chemical garden’, sowing a syrupy solution of
sodium silicate, or water-glass, with differently coloured salts of iron and copper and chromium
and manganese. This produced not crystals but twisted, plantlike growths in the water-glass,
distending, budding, bursting, continually reshaping themselves before my eyes”.

Figure 1: An example of a ‘chemical garden’.
30 minutes is all it takes for this mixture of crystals to blossom into tangled filaments.

We gather our equipment, check the cleanliness of our beakers, Erlenmeyer flasks and other
volumetric containers and neatly lay out the small bottles which, later, will produce the metallic
salts we have carefully selected (figure 2). Our photographer examines the layout of the room and
the light sources and sets up his spotlights, screens and other state-of-the-art equipment. Above all,
we prepare the essential component of all our experiments, the ‘vital liquid’ for osmotic growth: the
concentrated sodium silicate* solution, also known as ‘water-glass’®, which we will use as the ‘stock
solution’.
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Figure 2: Some of the metal salts used to create chemical gardens.

Inspired by Leduc’s main book published in 1910, Théorie physico-chimique de la vie et
générations spontanées (figure 3)°, and purposely avoiding the first part which focuses mainly on
the diffusion shapes obtained when pouring India ink into salty water, and crystallisation fields in
colloidal environments, we concentrate on his work which refers to ‘osmotic cells’ and
‘morphogenesis’’. For this, he used ‘melted’ calcium chloride, which we obtain by heating the
hydrated commercial version of the product: we observe an initial ebullition which corresponds to
the evaporation of crystallisation water followed by actual fusion at a temperature of about 770° C.
The calcium chloride has taken on a paste-like texture and we use a spatula to remove it from the
crucible in order to shape it into amorphous fragments. The objective of this fusion is to eliminate
trapped air bubbles, which hinder growth in an isotropic cell.
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Figure 3: Three typical pages from the English and French versions of Leduc’s books

As an alternative to the sodium silicate stock solution, Leduc recommends preparing saturated
solutions of various types. Again, the notion of ‘saturation” was fairly vague for him, and we obtain
the best results using saturated solutions which have been diluted five times. Indeed, saturated
solutions are much too slimy; however, as we will notice later, in a solution which has been diluted
ten times, the cells sink disappointingly. We are going to struggle with this phenomenon on many
occasions because the descriptions of Leduc’s recipes lack the precision to which a modern-day
chemist is accustomed and the units of measurement employed a century ago are far from clear...
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During our experiments, we start to understand that, during two decades of relentless and repetitive
work, Stéphane Leduc gained remarkable understanding and exceptional intuition with regard to the
substances and phenomena on which he focused all his experimental energy. We must accept that we
are not going to achieve such awareness in only a few days of work, in the same way that it would be
impossible for a novice painter to replicate the delicacy of Ingres’s or the accuracy of Leonardo Da
Vinci’s paintings simply by copying them. ..

Figure 4: Osmotic cell created by the insertion of a fragment of calcium chloride into a greatly diluted solution.
The spikes are microscopic crystallisations, invisible to the naked eye.

Nevertheless, after some attempts, we are able to achieve some quite rewarding results (figure 4)
but our creations are short-lived: the finest cells crack and produce odd tree structures (figure 5).
The appearance of these primal cells is not going to be the most conclusive result of our series of
experiments, however, it does allow us to understand and gain an initial idea about the phenomenon
of ‘osmotic growth’, which, in the following days, we will return to with the help of a large range of
different metal salts.

When introduced into the stock solution, the metal salts (firstly calcium chloride, and then iron, nickel,
copper, manganese, cobalt salts, etc.) dissolve. When they come into contact with the silicate ions, the
freed metal ions immediately form a strong membrane around the initial crystal®. The ‘cell” is born.

This membrane is semi-permeable: no substance other than water can pass through it. After this, it
delimits two areas: an internal solution containing nothing but the dissolved metal salt, and an
external solution containing only the sodium silicate (also dissolved). For reasons which only
chemical thermodynamics is able to explain, this difference in composition results in an inflow of
water through the membrane. This phenomenon is called ‘osmosis’ and led Leduc to give the cell its
‘osmotic’ property.

However, the growth of the cell still remains to be explained. The inflow of water leads to an
increase in the internal pressure, and then the rupture of the membrane which is reformed
immediately... but slightly further away. The phenomenon is repeated continually over the entire
circumference of the cell and, as a result, it grows.

However, in most cases, the density of the internal solution is lower than that of the external
environment: the rupture tends to be upwards. This means that growth is ascendant, filamentary
and arborescent®.

31/03/2008 4/16




Figure 5: Tree structures resulting from the puncture of an osmotic cell of melted calcium chloride.

Late 1910. A laboratory at Nantes Medical school (FR).

With fervour and precision, once again, Stéphane Leduc reads the English translation of his Théorie
physico-chimique de la vie, which is to be published in a few months time under the title The
mechanism of life (figure 3)™.

Above all, the foreword, written by W. Deane Butcher, lifts his spirits:

“There is, | think, no more wonderful and illuminating spectacle than that of osmotic growth, - a
crude lump of brut inanimate matter germinating before our very eyes, putting forth bud and stem
and root and branch and leaf and fruit, with no stimulus from germ or seed, without even the
presence of organic matter. For these mineral growths are not mere crystallizations as many
suppose /...J. They imitate the forms, the colour, the texture, and even the microscopic structure of
organic growth so closely as to deceive the very elect.”

But, who is Stéphane Leduc (figure 6), this figure who was completely forgotten and who has only
recently been reconsidered by Evelyn Fox Keller'? Born in Nantes, a Bachelor of Science and
Doctor of Medicine, he was a Professor at Nantes School of Medicine. In the same way as the work
by Jons Jacob Berzélius (1779-1848)12, which we will refer to later, Leduc’s work, conducted one
century later, concentrated mainly on the use of electricity as a therapeutic support. A promoter of
electrotherapy™, he discovered that certain forms of epilepsy could be treated with electric shocks
and that a general anaesthetic effect could be obtained by applying an electrical charge. He also
worked on exploring the role of ions in organisms. However, he is best known for his work on
synthetic biology which is referred to in the present article.

In the Dictionnaire de Biographies Francaises (Dictionary of French Biographies), Stéphane Tirard
wrote'*: “Believing that beings were constituted by their form and structure, Leduc affirmed that
the study of forces responsible for the acquisition of the characteristic forms of living organisms
was an initial step in obtaining a true understanding of living organisms. The study of the modes of
reproduction should follow on from the methods for this same ‘synthetic biology’. Therefore,
beyond simple analogies in form, Leduc explained the formation of these structures by basing his
theories on a concept of life, which according to him is ‘a specific form of movement of matter, a
harmonious series of movements of liquids and a manifestation of the same molecular forces which
give life to non-living matter’.
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Stéphane Leduc denied the existence of an impenetrable frontier between inert and living matter.
For him, ‘all matter contains life within it, whether in its present state or its potential state’. On the
strength of this principle, he actively defended the method which, through experiments, consisted of
producing mineral structures resembling living structures, believing himself to be on the
experimental path to the synthesis of living beings”.

It should be noted that Leduc was not the first person to create these types of semi-lunar
landscapes, half-living but chemical. In the 17" and 18" centuries, Erasme Bartholin (1625-1698),
Louis Lémery (1677-1743, the son of Nicolas Lémery) and other experimenters were already
creating ‘chemical plants’ using electrolytic growth. These gave rise to the first Diana’s trees or
Mars trees™.

Ey B

Figure 6: Stéphane Leduc?®.

Here, Leduc’s work on synthetic biology® should be placed within the context of the history of
biology and chemistry. Since ancient times, with the great philosophers such as Aristotle or
Lucretius, the Middle Ages with Albertus Magnus (circa 1200-1280) and the Renaissance period
with Van Helmont (1580-1644), up until the end of the 19" century two dogmas persisted: the
origin of life lay in spontaneous generation, the result of the existence of a vital force. It is true that
his chemist predecessors succeeded in making the scientific community acknowledge that it was
possible to synthesise artificially substances which, to date, had been produced exclusively by
living beings (see inset). But, by filling the theoretical void which, until then, separated the living
from the non-living, by offering a new version of the ‘missing link’ between inorganic and organic,
thus reviving the frustrated hopes of the anti-vitalists after the demise of the Bathybius Haeckelii*’,
his experiments cast a decisive light on the nature and the origin of life. In effect, as Evelyn Fox
Keller explains: “Leduc’s models responded to a much felt need at the time, although it is not the
case nowadays: they demonstrated that complex forms (similar in complexity to those to be found in
the living world) could be engendered by properly identified physical and chemical processes™®,
and by doing so, he played a part in revealing the remains of vitalism®®.

In a famous letter dating from 22 February 1828, the German chemist Friedrich Wéhler (1800 —
1882) informed his mentor Jons Jacob Berzelius (1779-1848) that he had succeeded in synthesising
a natural organic product, urea, by processing lead isocyanate with ammonium chloride, two
products of inorganic origin. “I must inform you that | know how to make urea without the help of
a man or a dog’s kidney. Ammonium cyanate is urea”.

Although this discovery did not really surprise the chemists of the time (urea is a substance which is
excreted rather than one which participates in the living world), the reception reserved for this
discovery was modest and biologists did not pursue it. Nevertheless, from the 1850s onwards, a
significant number of natural molecules were going to be (re)produced from inorganic compounds.
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One person who made his mark through his work was the much criticised Marcellin Berthelot
(1827 - 1907)®, a chemist noted for his anti-atomism who became the advocate of organic
synthesis. The many synthesis experiments which he carried out were of outstanding importance.
Let us refer in particular to the electric egg experiment (1866), during which Berthelot produced
acetylene from carbon and dihydrogen, the synthesis of benzene through the pyrolysis of acetylene
(1863) and the 53,000 agitations (sic) required to obtain ethanol by putting ethylene in contact with
sulphuric acid after hydrolysis (1855). Although largely inspired by the work of his time, Berthelot
actively participated in the development of organic chemistry by creating the first total synthesis
projects, a precursor to what, one century later, talented chemists such as Robert Burns Woodward
(1917 - 1979) elevated to a state of the art.

In this second half of the 19" century, copying nature was an activity which occupied many
chemists; copying it in order to understand it better. For this reason, let us recall the famous
extract from the lecture entitled ‘In the Year 2000’ which Berthelot gave at the Banquet de la
Chambre syndicale des produits chimiques on 5 April 1894: “The synthesis of fats and oils has been
carried out for the past forty years, that of sugar and carbon hydrates is being accomplished today,
and the synthesis of nitrogenous bodies is not far away. Thus, let us not forget that the problem of
food is a chemical problem. The day that energy is obtained economically, we will not waste time
manufacturing foodstuffs from scratch, with carbon taken from carbonic acid, hydrogen taken from
water, nitrogen and oxygen taken from the atmosphere. We are already doing what plants have done
up until now, [...] and we will do it even better, in a wider and more perfect way than nature does:
because that is the power of chemical synthesis. The day will come when, in order to feed himself,
each person will carry a small nitrogenous tablet, a small mound of fatty matter, a small amount of
starch or sugar and a small flask of aromatic spices suited to his personal tastes: all of this will be
manufactured economically and in inexhaustible quantities by our factories and will be independent
from the irregularity of our seasons, rainfall, drought, the heat which dries out plants or the frost
which destroys the hope of fertilisation; all this will be free from the pathogenic microbes which are
behind epidemics and which are the enemies of human life. [...]. Man will become gentler and
more ethical because he will no longer be living from the carnage and destruction of living
creatures?'.

Thus, from the examination of gases in the second half of the 17" century and after a laborious 19"
century of building its concepts, theories and vocubulary, chemistry gradually constructed itself to
become, at the dawn of the 20th century, a discipline in full expansion, based on the riches of
artificial colourings and the first medicines produced by the flourishing chemical industry.

However, in Great Britain and in the United States, as opposed to France, where, since 1907, he had
found himself up against the Academy of Science because of his experiments which gave value to
spontaneous generation®?, the recent works of Louis Pasteur (1822-1895) on this subject were not
yet sufficiently well known to the public to obstruct Leduc’s claims that life may have originated
from chance encounters between chemical substances. Consequently, his efforts were widely
publicised in the English-speaking scientific press from 1905 to 1913.

But very quickly, Leduc’s ideas were swept aside by the convergence of new knowledge emerging
in the fields of chemistry, astronomy and, of course, genetics. This explains why philosophers and
science historians tend to do greater justice to these hypotheses which, today, appear to us to be
wild theories. He faced a fast growing challenge when he published his works, and as early as 1907,
Henri Bergson (1859-1947) contradicted his ideas in Creative Evolution.

Although he does not quote Leduc directly, he writes with criticism?: “Chemists have pointed out
that even in the organic - not to go so far as the organised - science has reconstructed hitherto
nothing but waste products of vital activity; the peculiarly active plastic substances obstinately defy
synthesis” and (page 35) “As for the artificial imitation of the outward appearance of protoplasm,
should a real theoretic importance be attached to this when the question of the physical framework
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of protoplasm is not yet settled? We are still further from compounding protoplasm chemically. /...]
But instructive above all is the fact that the tendency to explain everything by physics and chemistry
is discouraged rather than strengthened by deep study of histological phenomena”. And, finally
(page 36): “To sum up, those who are concerned only with the functional activity of the living being
are inclined to believe that physics and chemistry will give us the key to biological processes. They
have chiefly to do, as a fact, with phenomena that are repeated continually in the living being, as in
a chemical retort. This explains, in some measure, the mechanistic tendencies of physiology. On the
contrary, those whose attention is concentrated on the minute structure of living tissues, on their
genesis and evolution, histologists and embryogenists on the one hand, naturalists on the other, are
interested in the retort itself, not merely in its contents”.

In more brutal terms, some twenty years later, Edouard Leroy (1870-1954), Professor at the Collége
de France, wrote about Leduc’s ‘alleged biogenesis’: “Life has not been imitated, not even slightly
[...]. Let me just say that they are mere effects of osmosis with no more relevance to the problem at
hand than flowers or tree structures drawn by ice on a window pane on a winter’s day”. Later,
when Alexandre Oparine (1894-1980) refers to him in his book Origins of Life in 1936, it is merely
to point out that the similarity between his productions and living cells is “no greater than a
superficial resemblance between a living person and a marble statue™®*. In Leduc’s defence, it has
to be said that it must have difficult not to have believed in it (figure 7). It even appears to us to be
possible to find extenuating circumstances for him: in effect, what could be more fascinating than
seeing the formation of structures which are so close to natural elements and life forms? The ease
with which these tubular structures develop is certainly surprising... and, in the absence of the
knowledge we have today about the nature of biological phenomenon, it is not surprising that Leduc
was able to find a natural appearance in this spontaneity.

Figure 7: You might think that this is a snail... It is the result of an osmotic growth of iron chloride (I11).

In fact, by discovering that matter is able to spontaneously produce extraordinarily complex forms,
without a doubt, Leduc played a role in helping to understand life. In 1938, Reinhard Beutner, did
not fail to notice this and wrote: “there is a lot to learn from these perishable artificial structures.
They brilliantly reveal the prevalent action of nature’s formative forces. [...] Thus, a little of the
mystery of life is unveiled”®. It seems fairer to judge Leduc in the light of these specific
contributions and bear in mind his astonishing experimental skills rather than focusing on the
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theoretical amateurism of which Pierre Thuillier (1927-1998) accused him in 1978. Despite his
mistakes and his over-excited naivety, we even believe that he deserves to be rehabilitated.

There are similarities to be found in Thomas Mann’s Doctor Faustus, where the author refers to
chemical gardens and their deeply ‘melancholic nature’: “Leverkuhn’s father asked us what we
thought about it, we replied shyly that they could not be plants, to which he declared: “It is true,
they are nothing of the sort, they are pretending; but, this does not diminish their merit. It is
precisely the fact that they simulate and try their hardest which is worthy of our respect.”?

Another aspect worthy of our esteem is Leduc’s perseverance; it is true that he made mistakes, but
these do not necessarily diminish his merit. E. Fox Keller, in particular, wrote about this': “The
ambitions which these efforts reflect, as well as the interest which they generated at the time,
represent an episode in the history of biological explanation and are instructive precisely to the
same degree as what, today, may appear to us to be their absurdity ”.

Thursday, June 22", 2006, 9 am. University of Pau (FR).

After our first day of experimental explorations and blind searching, we decide to be more
methodical and to test all the possible combinations by introducing the different metal salts at our
disposal into the various solutions we have prepared. We obtain a wide range of results from the
most promising to the most disappointing. We also notice that, out of all the preparations, the
simple sodium silicate solution gives the best results and that all the other ones - mixtures of various
solutions of various concentrations - must have only been devised by Leduc within very specific
frameworks designed to give strength to his theory: the intentional creation of forms resembling
living beings, such as mushrooms, sea shells, leaves, madreporaria and other annelida.

Figure 8: The starry background resulting from the air bubbles
which adhere to the wall gives a sidereal atmosphere to the movement of the manganese sulphate.

Indeed, for him, it is an undeniable conviction: “Is it possible to doubt that the simple conditions
which produce an osmotic growth have frequently been realised during the past ages of the earth?”
And he deduces that: “Millions of ephemeral forms must have succeeded one another in the natural
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evolution of that age, when the living world was represented by matter thus organised by
osmosis™?’. Therefore, he renews the almost metaphysical dimension which, in 1827, René Joachim
Henri Dutrochet (1776-1847) had already imputed to the phenomenon of osmosis: “[osmosis] is the
point at which the physics of living bodies and the physics of inorganic bodies merge”?.

The phenomenon of osmosis was studied for the first time in 1748 by Abbot Jean-Antoine Nollet
(1700 - 1770)%. It was then René Joachim Henri Dutrochet (1776-1847), the French physician,
botanist and physiologist who continued the work on osmosis in 1827 - 1832, at the same time
defining the terms endosmosis and exosmosis. After this, in particular, came the work of Thomas
Graham (1805 - 1869) around 1854, Moritz Traube (1826 - 1894) around 1864 and Wilhelm
Friedrich Philipp Pfeffer (1845 - 1920) in 1877. In 1886 Jacobus Henricus van 't Hoff (1852 -
1911, the recipient of the first Nobel Prize in Chemistry in 1901) studied osmosis from the point of
view of thermodynamics®. Therefore, osmosis was a phenomenon which was understood perfectly
by scientists when Leduc created his first osmotic sculptures.

Yet, all these attempts are far from being fruitless; each of the experiments we conducted was an
opportunity to make new observations, which we listed meticulously in our laboratory notebook.
One of them was even going to allow us, later on, to refute one of Leduc’s arguments concerning
the mechanism of the kind of growth which we explored the most: that of vermiform and filiform
growth (figures 8, 9 and 10):

“...the slightest consideration will show the inadequacy of the usual explanation that the growth is

due to mere differences of density, or to amorphous precipitation around bubbles of gas. These may

indeed affect the phenomenon, but can in no way be regarded as its cause”.

Figure 9: Various stages of the filiform growth of thin copper sulphate crystals
which show particularly well the influence of gas bubbles. Wide-angle shot and close-up.

However, on the contrary, a century later, with the help of modern techniques of
macrophotography, the most basic observations have permitted the highlighting of the fundamental
influence of gas bubbles, the production of which is stimulated by the degassing of the stock
solution under the influence of the heat from the floodlights. In effect, whenever they accompany
the birth of arborescent stems, these bubbles hugely accelerate their growth, before separating from
them, sometimes suddenly, thus interrupting the process*?.

The buoyancy’s origin is clearly osmotic, but the gas bubbles can, in some cases, play a major role,
adding their influence to the differences of density which alter growths in a vertical direction. Still,
Leduc would have done anything, even betray his own observations, to defend an idea which, to
him, appeared to be almost as dear as that of the mineral origin of life: “Of all the ordinary physical
forces, osmotic pressure and osmosis alone appear to possess this remarkable power of
organisation and morphogenesis™.
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Figure 10: All variations of colours and shapes seem possible with cobalt chloride,
for which degrees of oxidation and the hydration rate control the shades.

Friday, June 23rd, 2006, 7:30 am. University of Pau.

It is the third and last day of work. The main work has been done, but there are still variants to be
tested: adding foreign substances during a growth, superimposing layers of stock solutions of
different concentrations (figure 11), using clusters formed by mixing different metal salts with each
other, or with caster sugar, as Leduc himself recommends doing, etc. A thousand photographs are
not enough to duplicate the infinite range of shapes and colours which Leduc’s original work is
capable of offering us (figure 12). However, at least we compensate for this frustration by the belief
that we now possess a small piece of his know-how and experimental intuition.

.wu; \Mi_ xl“w\_

Figure 11: Two solutions of sodium silicate, one concentrated, the other diluted twice, have been laid out one on top of the other.
The tree structure of cobalt chloride changes its configuration as it passes through them.

In the light of today's knowledge, it is easy to see the disconcerting complexity of the mechanisms
of life. We know the composition of cells, made up of phospholipid bilayers, transmembrane
proteins, enzymes, receptors, DNA, messenger, transfer, ribosomal and interferential RNA. We
know that cells communicate using hormones, steroids or others, and diverse and varied
neurotransmitters, all of which are orchestrated magnificently by regulation mechanisms, feedback
loops and other signalling tools which inhibit or activate one type of process or another and which
maintain the autocoherence of living beings. In view of this, what is the legacy of Leduc’s work
from the point of view of contemporary research?
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Unfortunately, despite the renaissance of a modern form of ‘synthetic biology’**, today’s science
does not draw much inspiration from it and, apart from D’Arcy Wentworth Thompson’s (1860-
1948) use of it®, very little of it remains in scientific life. This is often the case: when ‘die- hard’
science considers guestions which have been relegated to fields qualified as ‘parascientific’, thus
wiping the slate clean of all existing interpretations evoked over the centuries®. Given this, our
work to rehabilitate his name is slowly making progress and it is now possible to find his name in
the transcription of a lecture given by Professor Jacques Livage at the College de France at the end
of 2006, on the subject of chemical morphogenesis®.

Figure 12: Out of all the salts used, iron chloride is the one with the fastest and liveliest growth.
It may be downwards, taking the form of folds, or upwards, in bunches, producing some of the most evocative forms.

We can also find his name in some recent biomimetic studies of inorganic bodies®, or in research
on fossils®, as well as extraterrestrial life*®, but, from angles of which, undoubtedly, he would have
disapproved. For example, with the help of his work, researchers recently showed how some
concretions, which palaeontologists had considered to be fossils, were mere remains of osmotic
mineral formations, therefore, completely... lifeless.

How to make a ‘chemical garden’

Obtain a commercial solution of water-glass and dilute it twice with distilled and preferably,
degassed water. Filter on sintered glass if it is troubled with hanging particles. Use within the next
few hours.

Pour into a Plexiglas container*!, 10 to 15 cm deep. Leave it to rest for a few minutes.

Insert small crystals of carefully selected metal salts: CuSQ,4, Ni(NO3),, FeCls, CoCl,, MnSOs;...
Those for ‘chemical garden’ kits sold by chemical product suppliers are perfectly suitable. The
nature of the counter-ions is not vital, but variations are obtained when they are replaced.

Avoid amassing the crystals and laying them too close to one other, and above all, avoid shaking
the recipient. Observe®.
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Complementary bibliography

A brief biography of Stéphane Leduc by Suzanne Ballereau-Dallongeville can be found in La santé
en Bretagne (available at the French Académie Nationale de Médecine). She refers to his thesis at
the University of Nantes (1865), but it would appear that this document is very difficult to find. An
interesting review of Leduc’s work can also be found in ‘Stéphane Leduc a-t-il créé des étres
vivants ?” (Has Stéphane Leduc created living things?) by M. D'Halluin, Revue des Questions
Scientifiques, XII, 20 juillet 1907, p.5-56.

At the Francois Mitterrand library, in Paris, France, there is a written transcript of one of his
lectures, given under the patronage of the Presse Médicale, December 7", 1906: ‘Les bases
physiques de la vie et la biogenése’ (The physical bases of life and biogenesis). One of his first
records can also be found there: ‘Cytogenese expérimentale’ (Experimental cytogenesis), a lecture
given at the congress of the French Association for the advancement of sciences (Ajaccio,
September 8th to 14th, 1901), during which he refers to the review of the Académie des Sciences
session dated June 17", 1901.

More recently, in several scientific magazines, we can also find experiments complementary to the
ones we have carried out, although Stéphane Leduc is never referred to: injection of metallic ion
solutions into silicate solutions®, as well as other alternatives*, formation of chemical gardens in
weightlessness*, or in the presence of powerful magnetic fields*, etc.

It should also be noted that the understanding of all these phenomena has led to their practical
implementation in a variety of fields, such as the formation of green earths used by Vermeer*', the
hydration of Portland cement*, as well as the understanding of the reaction produced at the bottom
of the ocean by the “black smoker>*® as well as research into the origins of life*®.
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of the membrane; this is oxolation. Between the internal and the external faces of the membrane, chemists actually have been able to
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