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SUMMARY : The nucleosynthesis of the chemical elements lwhiake up the matter of the universe in the sk
interpreted as an antientropic process, made atdbeof the strong increase of cosmic entropy peed by stelle
radiation. The work outlines and discusses the hypothesisttieathemistry of carbon, the main component dhgj
organisms, started in the carbonaceous stars héttiormation of various hydrocarbons, among whicétygene. Thi
highly reactive compound then polymerised, formlingar, cyclic and heterocyclic products, which ezsubsequent
erupted in the interstellar clouds. Given theircsglechemical optical and electrical propertiesp tiwain functions wei
attributed to these materials, which are amongribst common in space: the first being the accunoulaif chemice
energy, the other the storage of the three keyai¢sncarbon, hydrogen and nitrogen. It is alsess&d how, with tt
aid of light, the biogenous molecules were syn#egksiin the interstellar grains by scission and doatlon, startin
from these polymers. This second phase, partlypace and partly on planets, is characterised hyrthdr tendenc
towards a reduction of local entropy, compensateair increase of planetary entropy and by soladiation. This
adventurous trip, from thBig Bangto the human brain, through various theories giubtheses, shows how exceptic
"life" is, within the general economy of the uniserand how wonderful "conscience" is, within theremmy of life
itself. Living matter tends to the greatest possible spraad protects its own genome by means of a contghlgial
system. The birth of manifold organisms in suctharstime makes evolution less casual, favouringentwherent ar
coordinated eventd.ife and human conscience oppose the general isereicosmic entropy with a steady growt
organisation and information. In some way, we fivitht matter loses at cosmic level in the humambs a splend
virtual reversed image of our surroundings.

PREFACTION : Has the Universe always existed or did it stath\a Big Bang? How were life and matter formec
man the only evolved being? What are thought am$aiousness and where are they locateggential questior
like these have always troubled men's minds. Adngrtb modern science, living phenomena
be explained on the basis of simple chemical, glaysand biological laws and the propertie

living material can be attributed to a tendencyydtems towards complexity and self-organisation.
The current work tries to bring an original contrilbn to this fascinating proble



1. DISTANT AND UNCERTAIN ORIGINS, PRECARIOUS FUTURE [2]

Wayfarer, your footsteps are
the way, and nothing ejor
wayfarer there is no way
the way is made with emoent.
With movement one makesvay
and turning one's glarmack
one sees is the patwhach
one will never returo,ttead.
Wayfarer, there is noya

but wakes in the'sea

Antonio Machado

Questions about the origins of life, of man, of gaeth and the universe existed in ancient cultaressometimes th
were so persistent as to become obsesAizenany solutions were proposed as there werdgatibns, even extendi
to more abstract concepts (space, time, good, &teil, A series of theories, hypotheses, and Iseliaffe succeeded e
other over the centuries, culminating in two gnéaions, those known as Creationism and as Darmi&§ According
to Kant, instead, man must limit himself to respdctontemplation and admiration of the Creatioiveg that th
necessary rational presuppositions for givingtife credible interpretation either of the originod the development
the universe are missin@n the other hand, the fact itself of asking therrel question does nothing but conceal
and the need for protection: feeling near a suprEntdy is reassuring especially when one is emgdbipn a relentle:
struggle for life.Right from the start, the Creator was conceivedh\aithuman resemblance and as a being able t
life and form to all things. The Creation has beeagined as originating at times from an egg,ratt from a flower ¢
a foaming wave of the sea; at times balanced orwihgs of a bird or accompanied by the thunderaushling o
drums; other times as the sweetest muEhese ancient representations seem to flourish agai in modern scient
the thunder of the Creation is now calRig) Bang(Urknall), while the recently discovered “Music of the Sy4J calls
to mind the ancient harmonies springing from thptlle of the cosmo§.he success gathered by evolutionary thec
due to scientific and sociological factors andrdists come from the empiricism typical of the madera. This is bas
in on objective facts, on the revelations of coltéexperiments and on the more recent developnariochemistr
and genetics, which have brought about the disgooEa mechanism for the transmission of the cominereditar
base of all living beings which are coherent witle hypotheses of Darwin (1859) and which makes thedible
Besides, the possibility of rationally explainirtgetdevelopment of life found fertile terrain in thelightened type !
borgeous society and also in that of Marxist-Lestitéanings of the last century.

*kk

With the end of the sparring match between evahigis and creativists [5,6], lay and religious arétin the West tod:
appears to be inclined towards accepting the ratischeme of the theory of evolution, while thecatifed “state of life”
or what we intend by life, continues to resist #agious attempts of physical or philosophical difim. According tc
the most respected accepted version, “life"dscommon state of material present on the surfateecearth and in tl
oceans, formed by the complex combination of faumgiple elements (carbon, hydrogen, oxygen anegén) as we
as sulphur, phosphorous and traces of othersifdeems easier to define some fundamental chaistatse whict
distinguish living creatures. We may present thertha following axioms:

1. Living creatures are generated only and alweys fother living creatures.



2. They have a defined and constant form;
3. They are made up of fundamental units (celfiipeafor structure and function;

4. They possess the property of building and maimg themselves at the expense of the chemicastanbes a
energy, which they obtain from the environment;

5. They maintain continuous relationship with tixéeenal world and are able to react to determiniedusi;
6. Each species safeguards its genetic information;

7. They are not perennial, given that each indizida destined to disappear at the end of a predeted life cycl
(biological clock);

8. They tend to the maximum possible spread [8];
9. They are thermo-sensitive and life is only plalssin a very restricted range of temperatures.

The safeguarding of genetic information (point Bpwas conservation of the information despite aegahincrease
chaos (entropy), thanks to a complex digital systie that of the chromosomes. This, unlike thibor electron
technologies, based on two alternatives 1 andd@ptadour: A,G,C,T (Adenine, Guanine, Cytosine digmine), whic
represent the letters of a living digital langua@kis language has demonstrated a surprising dgdaciconserving ti
hereditary characteristics of the single specigb atcuracy and of defending them from the mosedagxternal agen
Perhaps for the first time in history of the Cosmwee are facing the capacity on the part of somé&oubar chains
perpetuating themselves, safeguarding the infoomatiecessary for the formation of the successidevittuals, at tt
cost of energy captured from the surrounding emwirent. This is a sort of challenge to the universal tewgeo
increasing disorder and entropy, which finds itximaim triumph in human beings and in particulatia human min
with its capability of rational coordination anckative bursts and extending to the conquest ofcesiciousnesdan
biologists claim that the synthesis of life fronanimate matter will be possible in the near futétethat point the axio
1 would fall, according to which living creaturdsvays generate living creatures and only livingatoees and thus,
last frontier between the animate and the inanimaidds would also disappear. This ambitious olpyechas not y
been reached, despite the fact that we know aHlotitathe structure of the cells and that thé¢themical buildir
blocks” necessary for their assembly are readibilalle. Other scientists consider the realisatibfife in the testtub:
an improbable event because of the complexity eflithing matter, which has only been reached thhoag evolutiv
process of various hundreds of millions of yearanilhg to repeat this process in the laboratorg brief time with tr
purely casual approach appears if not unrealiatideast improbable. The future of this questiomrisertain and it
difficult to predict how many years still remainrfthe classical axiomVfiventes viventibus generantuiSpallanzar
1729-1799)[9]From quarks to the galaxies and from bacteria smetiary ecosystems, nature tends towards ¢
complexity and selforganisation: the atomic pagscbecome atoms and molecules: these become biomonar
polymers, and later protobions in pluricellulaustures and organisms, which in turn give risedciad and ecologic
systems (axiom 6) [10]The birth in such a short time of all this plunalibf organisms and structures reduce
casuality of evolution and alters the possibilifyvariation in favour of coordinated and coheresdults, able to me
order prevail over chaos.
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Even before prehistory, an irresistible push toroeme every frontier characterised all forms of.liThe migration
animal species, with the scope of exploring andjoening territory, expresses the tendency of plagetxpansion
living matter. It is clearthat such a form of globalisation does not repreagourely human and terrestrial phenome
but rather a universal biological law. Evidence esrfrom the arrival of forms of primordial life @arth, transported
the backs of meteorites and comets from the degtise cosmosThe push towards globalisation is not absent il
living being, all the less so for the vegetable lelar that of microorganisms, from viruses to baeteto fungi ar
protozoons. At times the spread has come indiretithpugh appropriate biological and atmospherictves: pollen ar
seeds transported by the wind and insects, sedlie iform of evanescent clouds (aerosols) or atrtbecy of the win
attached to dust and sand. The phenomenon theadsfrom the biological sphere to the cultural sphdomo sapiel
has been the main instrument, through migratioosynaerce, movements, spread of knowledge and culfuaeks 1
science and technology [11]. The exchange of writted spoken idioms, also the various attemptvéolay domina
linguistic stock (Greek, Latin, English, MandarHindi, etc) and supplant local languages, havectffely facilitate
reciprocal comprehension and cultural interchangesssfertilisatio). What happened in the past repeats itsell
modern key: today two of the main motors of intamye and development are a common language (Englighth
freedom of movement of people, ideas, written alematic informationin both biological and cultural evolution
finds movements ina reverse sense with the formation of niches, tedldrom the evolutive trend and from
environmental context. In the biological nichefe knd development proceed slower, in small stapd,the possibiliti



of interchange with the outside world are scarcg. the Galapagos islands). Analogously there alteral niches, tho
of single ethnic groups living an almost prehigtdifie (e.g. Australian Aborigines, Indios in Amama etc).The sudde
and unexpected collision of biological niches anel Inodern world can be dangerous: it can createehggroblem
with at times disastrous repercussions at a planktael (ebola, hiv, aids etc) [12] or politismcial problems which s
not easy to solved-or biology globalisation represents a completelyawal process but not without serious risks, ¢
time established equilibriums will be upset. Innuaide plagues have afflicted mankind in the pa8i;[bthers lik
AIDS are devastating the world modern and stilleoshare about to do so (BSE, molecular disease&}lL4Thes
plagues are nothing but passing accidents in theegs of globalisation occurring on our plah@tlis Pasteur's phre
is ever more pertinent, coming as an admonishnidfgssieurs, c’est les microbes qui auront le derniet'.

2. SUDDEN AWAKENING

All the efforts of all ages, all the dedication,the
inspiration, the bright greatnesshaman genious,
are destined to end in the vast
death of the solar system, andi¢ieple of
human conquests will be inexordhlyied

under the detritus of a universeuims.."'

BertraRdssell

Distressed by the thousand dangersadiiostile environment, man has always looked fotgation and security, to t
point of designing a model of the universe madkisnown measuregrom Ptolomy and from the ancients we inhel
a reassuring picture of a static calm earth atctmre, caressed by the sun, watched over and apratected by tt
other planets; man trusted himself to Divine Prewick to the Last Judgement. Copernicus, Galiled\svaton brutall:
awakened us from this idyllic dream, which had ddstillennia. All of a sudden, we found ourselvesan eart
pirouetting around the sun, and joined with it iflight across the universe, prey to black holesnaic rays, asteroi
and comets [16]. Today we know that the universelddo maximise dispersion and about thermal lexgelifreezing
and that it is it is the unexpected fruit of an iemee catastrophe, tligig Bang Beyond our galaxy, which we F
mistaken as an immutable expression of eternalrpttlere are a succession of apocalyptic dramasawmk to th
ancients: asteroid and cosmic collisions, explasidiirths and deaths of stars and planets, enasub&tween gia
galaxies. The sun and the stars, whose friendht iglided trusting navigators and merchants fotwés are nothir
but bombs, hydrogen bombs, fed by nuclear reactiand all predestined to go out, some sooner, datee. The
unconscious fear of some universal judgement hangiay to the rational certainty of an inevitablel. The universe
at one time all order and peace now appears ta theithrows of gigantic nuclear manifestationse Blue of the sk
the site of Olympus and of our ideals of highesfgmion, is the theatre of menacing novas and rsgyas, of leth:
radiations, of solar winds, of incessant bombardmehdangerous ionised particl€&som interstellar space more or |
visible flashes of light reach us across densedsloformed by gas and cosmic dust. From these sJoudich sooner
later will collapse into stars and planets, a ceitfn of simple and complex organic composites ara.bThese are tl
building blocks from which carbohydrates and prwdeare formed, to be assembled later into cellsligimg) organism
[17]. We are taught that man was created in the reses®laEnGod as part of a great celestial project)emve discove
that we are the fruit of chance: some millions e&rs ago a giant meteorite fell onto the earth afarlg the sun ai
provoking darkness and intense cold or that a sugverexploded nearby inundating the earth withaletadiation. Th
cataclysm condemned the dinosaurs and a greavpdre living species to death, while it allowee ttormation of
biological niche better adapted for the mammalsnhere, the hominids started and from them ceoreo Sapiens

3. DUST AND CINDERS OF THE STARS



Our destiny in indissolvably linked to

that of the stafs

Paul Davies

Urged by an inexhaustible curiosity, prehistoricnnmsudied the nature around him and, with wondbseoved th
connections between various phenomér® firmament burning bright with shining starstle clear nights strong
attracted his attention. Alternating observaticaoration and meditation, he began to put somectspé the earth
climate, like precipitation, temperature and thaypbf the tides, into relation with movements of ttonstellations al
with the systematic nearing of lunar phases. Asgyland astronomy, the first the oldest among niameEntions, wer
founded on a completely empirical basis. Considgtire lack of adequate instrumentation and the stddsowledge
one must recognise that astronomy reached admilaiddés of knowledge among independent and digiaptilation
like the Sumerians, Assyro-Babilonesians, Egypti@eeks, Mayas, Aztecs, Incas, Chinese, Indiarb Axta. Later
cosmology would develop from astrononaynd pose problems of a more ample nature abouwtitheture and the futu
of the entire universe. Having outlived the spetivdaapproach, cosmology then developed into ewgdirscience
thanks to the innovation of technology and meansbservation, like telescopes with a wide spectmadio astronorr
and spectroscopy [18]Once upon a time about 14 billion years ago, theas a terribly dense incandescent ball ar
huge explosion would give rise to the origin of emiverse, with its masses and galaxies, with sganss and plane
and on at least one of these latter one day lifeaped”. Thus Giulio Giorello summarised the themfryhe Big Bang
about the origin of life and the universe[1@pposed by many, appreciated by many, this themigyt is more or le
universally accepted and has formed the basidhodévelopment of new hypotheses about life anariggns.

*kk

The initial explosion interested space and timeustameously , signalling the start of all of phydiceality. Through
progressive process of expansion and cooling nitialitemperature of several millions of degreel§tb 2.7°K of today
In the first instants elementary particles like dggaformed from the radiation together with freeattons which blocke
the passage of photons: for this reason the umivesss not transparent and would have seemed talally to
hypothetical external observer. A little after,ttigaat the end of the first three minutes, thepgerature had fallen to le
than 3000°K allowing the formation of hydrogen asoray combination of protons and electrons, pasting from th
era of pure energy to that of matter. On the bakigrious experimental data, today it is belietleat in all the sta
there is an uninterrupted process of nuclear fusith the conversion of hydrogen into helium and #mission ¢
radiating energyThis fusion energy can feed a star for billionsyeérs in a remarkable equilibrium between force
gravity pressure and of radiation. When the tentpegeof the star is sufficiently high the nucledshelium melts agal
forming first carbon and then oxygen, nitrogen,mead other light elements. For thermodynamic nessbe chain «
spontaneous reactions finishes in the stars wighftmmation of iron [20], while in a supernova, wéesnormou
guantities of energy are liberated in an explofiven ,chemical elements heavier than iron, likedgé#ad, uranium, ai
so on, are formed. All these from the lightesthte heaviest will then be projected into space ftbeexplosion of tt
supernova where they mix with the detritus of otbleler generations of stars [21{.is clear that this 2% of mat
present in the cosmos and the stability of the abfe to burn with continuity and almost withoutesation for billion:
of years, have represented the two factors estéatidhe birth of life.

This 2% of matter has furnished the elements aadrtblecules necessary for the assembly of the da€kife up unti
the first monoorganisms and pluricellular organi§2%], while the sun has provided the energy talfdes cascade
reactions, which needs an addition of externalg@nty be able to evolve [23]. The energy necestafgrm and break
chemical bond is modest, amounting to only 1 etentolt (eV) per atom or electron [24]. The photaevtsich reach L
from the sun possessnergy of precisely this order of magnitude, angstthey are able to set off and terminate al
chemical reactions appropriate for the assemblijffaf like for example photosynthesis [25]. The rhen of photon
present in the universe (from 100 million to 2Qibi for every nuclear particle) is able to produdeatsoever chemic
reaction. The organisation of inanimate matter inimg matter is a complex process, which procetiasugh a serit
of chain reactions, passing to simple compositenioplex composites (cfr. Eigen's theory of hypeles). To realise
reaction with the formation or splitting of a cheali bond it is necessary to satisfy some esseotiatlitions like
affinity, concentration and temperature. This metlias two composites react with each other if thaye an adeque
reciprocal affinity and if the temperature (eneggyivation) and concentrations (kinetics) are sufficient torgngee th
trigger and maintain the reaction [2@]he existence and creation of matter obey chenéwed and the more that ¢
goes up the scale of complexity the more are thgicdons to respect and the fewer the degredeeefiom available.
Living matter is composed of four main elementgboa, hydrogen, oxygen and nitrogen. Among thesefitist ha
such an importance that we may affirm tttaé chemistry of life is the chemistry of carbon Among all the othe



possible elements, candidates for this role (éigos) carbon has the advantage of the chemicdlpysical properti
of some of its derivatives: For the oxidation oftman one obtains carbon dioxide (C + O2 -> §@2jaseous substa
soluble in water, easily recyclable and which playisndamental role in the photosynthesis of plants therefore in
the vital processes. From another element whiclwshoany chemical analogues with carbon, siliconpkigation or
obtains silicon dioxide (Si + O2 -> SiQpthe most widespread mineral on the earth, wedlkmin its crystalline form
quartz. Silicon dioxide is solid, insoluble, inarid not easily recyclable. This difference of cteahphysical properti
represents the main reason that living matter idevad carbon and not silicoithe metabolism of living matter lead
three end products: carbon dioxide (CO2), waterdHand ammonia (NH3The first and last are gaseous while wa
liquid but evaporates easily: the three productstharefore easily mix in the atmosphere facilitgtiheir recycling in ¢
the planet.

In the last analysis it is this possibility of easgycling that conditions the existence of terraklife.

4. THE COSMOS, DARK CASKET OF LIFE

A universe populated by an infinite number

of suns, around which rotate malangts, populated by
creatures, with an intellect no

different from that of mankind. Baccountless
vastness of the cosmos will endangelling not

only the centrality of the eartlut lalso that

of mart'

Giordano Bruno, 1548-060

Space is not empty as was once thought, but centaatter, distributed among stars, planets nelardsgyalaxiesMos
of this matter, composed of hydrogen (70%) anduhel{28%) in a gaseous state, formed following Bige Bangfills
space in a uniform fashion. Only a minimal part {28nstituted by cosmic dust is distributed randomlinterstelle
space or in an aggregated way among comets, nteteasteroids and planets. The cosmic dust (I8tdrstellar medi
is formed of ashes, erupted into space by stard fieaa time: and these ashes give birth to neveigdions of stars
planets [27]. In space various elements have bdentified, like oxygen, carbon, nitrogen, nickelilphur, silicor
aluminium and iron as well as some hundred of sopk and complex organic molecules (PAH frétolycycli
Aromatic Hydrocarbor). Current opinion claims that most of these derivadiof carbon have formed in the interst
grains through complex chemical reactions of phuitimg and photosynthesis. The carbon and therdgeh deriv
from the photolysis of the PAH, the oxygen from whdemolition of iced water. According to this hypesis the ki
molecules for the synthesis of living material derfrom thePAH, which are in turn composed of chains of carba
hydrogen in policyclic hexagonal structures. Thissis is given value by the spectroscopic ideftiioc of thePAH ir
space [28] and by experimental simulations caroetl in the chemical laboratory on earth [2%p arrive at tf
molecules for life one can therefore imagine a satjal process, exemplified in eight main stages;

1. Formation of carbon, hydrogen, oxygen and nérolgy stellar nucleosynthesis.

2. Subsequent stellar synthesis, of aromatic hydthmns formed of carbon and hydrogen (among whigH)Pof wate
formed by hydrogen and oxygen (H20) and of ammiéariaed by nitrogen and hydrogen (NH3).

3. Expulsion of these substances into cosmic space.

4. Photo splitting of th®AH into smaller fragments in the interstellar grains.



6. Transferral onto the earth of these simple dmgamolecules and their more complex derivativescoynets an
meteorites.

7. Synthesis on earth of biomonomers and polymera brganic molecules of cosmic origin.
8. Evolutive assembly of these chemical structumesliving material.
Regarding this stimulating hypothesis, we expressvb some critical considerations;

1. The temperature of the interstellar grains wam@ecording to their ubication. Those near to acttars reac
temperatures of thousands of degrees, those far emgeratures near absolute zero. Temperaturesemis a critic
parameter in most chemical reactions. On the serfd#cthe hottest grains reactions of the gaseoaseplcould k
favoured, in the colder ones reactions in the gathidse.

2. For the reactions of photosplitting and photdisgais the exposure to sources of radiating ensrfyndamental. Als
in this case there are in nebulous zones moreserdeposed and therefore zones adapt and notfadgbtotochemica
reactions.

3. The concentrations of the reagents in the gaiaso low that the probability of simultaneoushd efficient meetir
between two three or more molecules are irrelevaot. this reason it is difficult to understand hawonomers ar
polymers, most of which contain the four key eletaprarbon, hydrogen, nitrogen and oxygen can fornhess
conditions.

4. These problems of a kinetic nature throw a wéilncertainty over the hypothesis that the PAH lag product
necessary for the synthesis of the so called mgjltricks of life and from which the other organiolecules derive.

5. It seems possible that part of the simple oyarolecules like cyanidric acid, acetylene, ethgletc, derive from tt
stellar synthesis as well as from photosplitting aombination of the PAH in interstellar grains.

6. ,Carbon is formed from hydrogen in carbonacestais. In nature this element is found in four fercalled allotropic
soot, graphite, diamond and fullerenes. If othectiens do not occur later the carbon is then edipt the same stz
into the interstellar space, where, in fact, it bagn identified. Considering the great quantithydrogen present a
the high temperature, part of the carbon reactls thié¢ hydrogen giving rise to the simple highlyctege nonsaturate
hydrocarbons (methynic and methylenic radicalstydeme, ethylene etc). These composites tend tailise reactin
with themselves (dimerisation and polymerisationwith other affine molecules, initiating the birdf an immens
number of simple and complex organic molecules.ofding to this scheme, all the organic compositesgnt in th
space and on earth, may be considered substam@ilyed from methinic /methylenic radicals andtglesme.

*kk

As above mentioned, tHeAH are binary carbon and hydrogen based compositesatenated in hexagonal rings
may be considered polymers, formed in the giams $tam acetylene and its derivatives. On eartly tire found in tal
from the distillation of carbon and petroleum[38companied by analogous cyclics also containirggammore aton
of oxygen, nitrogen or sulphur. The PAH are systemith complex structures, and their chemical andldgjica
properties, like stability, reactivity and toxicjtyary greatly from compound to compound. It is @gto to think the
benzopyrene, sadly known for its carcinogenicitiggeette smoke!) is in this class. TERAHs are spread in tl
interstellar space, but are easily synthesiseténgboratory by the combustion of acetylene [3hjs latter, present
space, can be prepared in the laboratory from lygdr@nd carbon at high temperatures. It is a \@agtive compoun
formed from only two atoms of carbon and hydrog@2H2, which tends to react with itself in a procesdled
polymerisation, giving rise to more stable struetjramong which it is worth namimcetylene Black an organi
pigment and excellent electrical conductbr.a previous work [2,32] we hypothesised the exise of this blac
pigment in interstellar clouds, where it could pkayelevant role in the transferral of electrichhige, contributing
causing the dark colour. It represents a "spacetease"” of carbon from which it is possible to abtay photolysis an
photosynthesis chemical fragments suitable forsghehesis of biogenic monomemhe carbonaceous stars are ric
carbon, hydrogen and nitrogen. It is easy to imagiow in the course of a stellar chemical reactmm in an analogo
way to the formation of PAH, also the nitrogenatederocyclics are formed (cyclic compounds withaaebof carbo
hydrogen and nitrogen). In Halley's comet, the PUptAject has identified various cyclic productsdmgjing to thi
class and of fundamental importance for the cheynddtlife (pyrrol, pyridine, pyrimidine, imidazobnd perhaps puri
and adenine)[33Many of these compounds, as for example pyrroliaddl, tend to polymerise in an analogous we
acetylene [34], forming black polymers, which wevéaalledPHB (Polycyclic Heterocyclic Blacks The PHB are
compact molecules, with which are transported diamalously ternary mixes of carbon, hydrogen anegén. Fror
these modules it is possible to obtain, by phosodation and combination, nitrogenated and oxygshargani
molecules identical to those which make up livimgamisms. Polymers structurally similarR&iBs also exist on eal



where they have been amply studied. We know thezdfmat they are very sensible to oxygen, light BAGER rays
the latter provoking a real explosion of their stiwe [2,32].For this reason it seems believable that in thergtella
grains thePHB suffer similar reactions, with the formation ofyanic fragments identical to those obtained iretdria
laboratories.

*kk

Pushed by scientific and technological progresscoamological vision has modified and more and
more often we advance the hypothesis of an extestieial birth of life. Today we know that there
matter in space and that many of the moleculetiftkd are also found on earth. The non stellar
nebulas are huge black dumps of cosmic garbagemnens accumulations of ashes, from which
new stars and planets are born and will be bden:dind ourselves, are in fact the ashes and flust o
the stars.

The grains in which the interstellar dust is aggted show some interesting properties:
- Optical: diffraction and absorption of electromatjc and corpuscular radiation;

- Electrical: charge transfer and photoelectrieetf

- Chemical: catalysts of photo chemical reactigiisassociation and combinations.

The grains behave like small space laboratoriegavlelicate reactions occur: complex materials kBeH and PHB
are split into fragments and these recombined ixygenated and nitrogenated molecules. Thus vamgdorganii
compounds like alcohols, aldehydes, carboxylic scidmines, nitryls, aminoacids, phenols and otineportan
functional derivatives of carbon may forhiving matter is formed of carbon, hydrogen, oxygenl nitrogen. To form
is necessary that these elements meet in appm@gaans (for their chemical affinity) in appropeaplaces and fi
relevant times. They come from stellar synthesid/@ncosmic synthesis in simple and combined for@arbon, a
carbon dust, fuligines, graphite, diamond, fullen carbon monoxide and dioxide, methane, ethylanetylene
methynic radicals etc; Hydrogen, as water Oxygenwater;Nitrogen, as ammonia, nitrogen monoxide and dig
pure nitrogen. Th€AH andPHB are condensed forms of carbon/hydrogen and cdrpdrogen/nitrogen respective
Packed into solid modules, these elements areféraed from the stars to the nebulas without disiper (hydrogen ar
nitrogen, gasseous by nature, are trapped in theesof a solid framework). The polymerisationhaf acetylene serv
a double scope: compacting the key elements andradating chemical energy. In the interstellar dsuthe polyme!
are split and their fragments recombined with radimxygenated and nitrogenated radicals coming freater an
ammonia ice. Th&HBs are good conductors, showing a pronounced pleativigl effect (transformation of light ir
current) and play a role in the evolution of thellat clouds. In the cosmic chemical evolution, BtéBs play a tripl
role, as:

- SUPPORT STRUCTURES: mechanical, electrical anitapproperties (charge transfer, diffraction ahdaptior
of radiation, transformation of light into electccurrent);

- ACCUMULATORS: of chemical energy;

- SPACE WHAREHOUSES: of carbon, hydrogen, nitrogethie form of compact solid modules from which die
molecular fragments can be obtained (the buildioghs of biogenesis).

A similar role is played on earth by the variougasic polymers, highlighting the strict relatiorstietween terrestri
and spatial chemistry and the fact that a singbditactonic principle seems to organise living matnd interstell:

matter. The reactions of space and the stars belong to ichermrehistory and are partia
comparable to those which we usually conduct inténeestrial laboratory. In the stars the reac
occur at very high temperatures and pressures riedacing environment, an ideal site for
reactions between carbon, hydrogen and nitrogee.okiggen instead, where it is present will <
be captured by the hydrogen with the formation afex [35].

The chemistry of space occurs in the grains, apésatures near to absolute zero or locally higleeoing to th
position, in solid systems under the action ofa#idn in the presence of water and ammonia icéhdre conditions tl
bonds must be split and reformed with precisiookileg almost totally the thermic oscillations okttbase [36]. In tt
hottest zones reactions in the gaseous or absqbade prevail, nearer to conditions on earth. Témsilibrium
reactions with the formation of polyfunctional moldées (amminoacids, etc) could also be set dfie chemistry of tF



biotic age, that of living matter, is more sopluated. It is the chemistry of enzymes and in aifraital function: i
loves moderate temperatures like those of our Ispdiewatery environment, an atmosphere rich in eryghe mo:
aggressive of the elements present on our plaNetwithstanding the obvious differences between theee
"chemistries”, stellar, spatial and terrestrial they are goverhgdthe same laws have the same common prin
"NATURA ENIM SIMPLEX EST

5. THE CURTAIN RISES

Science cannot explain the final
ngrgtof nature.
Atinds is because, in the final analysis,
warselves are part of the mystery which

we @rying to explair

Max Planck

According to spectroscopic analysis the interstajlains are composed of a nucleus of silicon cdry a mantle
water and ammonia ic@rapped in these icecaps one finds complex orgetnictures deriving from the polymerisal
of reactive molecules erupted from the stars. Theaterials undergo high energy cosmic radiation aredsplit an
recombined in the grains, which play a support folethe reactions in the solid, gasseous and perliquid phase
making selective splitting and combinations on pletsitive molecular targetShe fragmentation of the interste
black matter leads to free radicals able to captxggen from the molecules of iced water: thus reewygenatec
nitrogenated and mixed compounds are born, keyuatedor the synthesis of monomers and polymers loblogica
importanceThe stellar formation of various light and heavewtical elements, the first synthesis of organictenanc
transformation of pure energy into chemical energpresents an antientropic phenomenon, an excefatithe gener
increase of entropy of the cosma$ie elements tend in turn to transform into orgashistructures (simple and comg.
molecules) obeying precise laws (affinity and valgnThis means that every single element can coenbith elemen
for which it has a certain affinity only in relatido preestablished (valency) ratios, while the pasameters of affini
and valency will be determined by the electroniacure of the single elemeni&le may try to simplify this concept
two examples: If we burn carbon (C) in an atmosplaroxygen (ORcarbon monoxide and carbon dioxide (CO
CO2 always form. This means that the carbon has famtgffor oxygen and that it reacts with it alwagad only in th
ratios 1:1 and 1:2. If we make a spark in a mixafraydrogen (H2) and oxygen (P&e will have an explosion with t
formation of water (H®). This demonstrates that the two elements hageeat affinity and that they react in

proportions 2:1The laws of valency and of affinity have a univéngalidity, respecting a global principle organig
matter.The chemistry of the stars and space shows up hewrganisation of matter passes through phasasjofr an
minor complexity which alternate in time:

-> stellar nuclear reactiof®» synthesis of element® synthesis of molecule® polymers (PAH, PHB, acetylene bla
-> splitting into fragments> recombination of fragment® and so on.

From the simple to the complex, from the complextite simple to return to the complex with highevels o
organisation, according to a definite antientrqpiocess.

*kk



In five hundred million years, the earth has beembbarded innumerable times by small planets, asgroomets ar
other residue of the solar nebula. The tracesedalapocalyptic collisions are still obvious in simeall and large crate
discovered in various regions [37]. Apart from thaterial damage caused by this spatial "rain" ih@e than credib
that with them organic molecules stored in the mgaif the interstellar clouds came to our planéuslia mixture ¢
reagents ready for further combinations came torbated on the terrestrial crust in the marinelakd waters. On tt
earth in the prebiotic era chemical reactions dyesketched in space continued and others adedoatihe nev
environmental conditions developed. The temperajpmesed from almost absolute zero to the mild sé&iad
temperatures. The molecules no longer frozen in&ing became mobile and superactive, with a greasipility of
remixing in waters agitated by intense tides. Theetic possibility of encounters and collisions aedctions great
increased. The reaction means, now liquid and weadildic, favoured the dissolution of basic substsn(amines) ai
the reactions of addition and condensation (e.dehaide + nitryl > aminoacid) while the reducing environm
safeguarded sensitive products (aldehydes, alcgbimdsiols etc) from oxidation. The water screenesl W ray:
participating in the reactions of hydrolysis andiiation. New possibilities of assembly into complructures wel
created at the solid/liquid and solid/gas interfabetween dissolved and gasseous reagents witaimor matrixe
(clay, pyrite) and organic matrixes(melanifihe splitting of the water forms highly reactiveygenated radicals givil
rise to reactions and new compositds age of oxygerstarted in this wayln the new terrestrial environment
increased temperature stimulated reactions prelyiduecked because of the lack of activating enedyymyriad o
metallic ions, free or bound to opportune matri¢éled the marine environment and lakes: chemazdhlysts were bo
which, in the biotic era, would give headway to #reymes. The "prebiotic tetibe" became bigger and bigger,
now embraced lakes, seas and oceans: the biolesgioplwas ready to host lif€he cosmic chemistry has imprinted
terrestrial world, shaping the living world accargito common architectonic principldsverywhere chemical reactic
take place: the plants and certain bacteria fiarsehergy transforming it into chemical energy (pkgnthesis); oth
organisms decompose the living matter into simglenctures using the energy contained in them.vieryecell ¢
succession of concatenated chemical processesci@uuoxidation, hydrolysis, synthesis etc) takaace. e
biochemical architecture of living beings is baseda few columns of elements (carbon, hydrogengenry nitroger
sulphur, phosphorous etc) but it ramifies into atitude of molecular composites: binary on the batearbon an
hydrogen (hydrocarbons); ternary with a base dbaar hydrogen and oxygen (carbohydrates, polysatxsrfats etc
guaternary with a base of carbon, hydrogen, oxy@®h nitrogen (aminoacids, polypeptides, proteinglaic acids
alkaloids, lipoproteins etc) and so duiving beings possess unique characteristics @graducibility and specificity
their single structures, with a strict relationshgtween the structures and the biological rolee surprising variety
living forms and the individuality of the variousganisms can be traced to the individuality of sarmmeecromolecule
the proteins. Yet these are nothing but the contioing and permutations of a few aminoacids; alvthgssame ones 1
various millions of yeardn all organisms food is transformed into carbonaitde, water and ammonia through a
passages. Production and use of the energy frohoptre cells is based on the same mechanism iy maimals fror
the protozoons to mammalgarious theories have been constructed aboutrhiedible phenomenon of life as atten
to unravel its mystery. We shall discuss a numibénese in the next chaptetdowever, Newton's axiom always sou
relevant Natura enim simplex é'st

6. LIFE IN THE UNIVERSE
" The world of the physical sciences and the
world of the lifeisnces are still separated

today by an unexptbno-man's-land

Mario éwgp [49]

Notwithstanding the most recent conquests of bipltiig remains the great mystery of the universetHe gener:
economy of science its origins and its function sti## the object of more or less bold hypothesastlee border ¢
science and religionin every age numerous scientists have tried toodcthe laws which regulate living beir
compared them with those of the inorganic world &met to use the laws of physics and chemistrgit@ a unitar
picture of their behaviour. But the many attempé&sevsystematically disappointinig. a famous essay in 1940 Berg



[38] thus expressed this a sensati@ai: our analyses show us that life is an efforgtoup the hill which matter descei
Certainly, life which evolves on the surface of planet is attached to an organism which subjédtsthe general la
of inert matter. But everything happens as if tfd everything possible to free itself of these dat does not have
power of overturning the direction of the physicaknges which determine it, the principle@drnot but, if nothin
else, it acts as a force which left by itself wouldrk in the opposite directionThe same impression is found in
works of P. Lecompte du Nouy [39], who, in the tigif a careful and detailed analysis of evolutieesa systeme
tendency towards the development of the brain amdaousness as a sign of a spiritual end in nathieh manages
triumph over the forces of mattefhe mathematician L. Fantappié [40] formulated ttieory in which he claimed
existence of a class of phenomena for which tinemseto run in the inverse sense compared to thefaesatter.
called them they are called syntropy the oppodientropy and in the scope that animates the actidhe living sees
sort of cause which follows its own effect, sinnehe living beings something manages to overtenniormal course
time, contrasting with the general increase of ispin the inorganic worldf for example one projects, parting fi
the last photogramme, a film which records a vadie§ one will have the disconcerting vision obtisands of sm
fragments which recompose to build a vase: a sedmeh calls to mind the budding of a flower. Thejection of a
inanimate natural phenomenon appears as animatgekif according to the inverted succession of tioree then
tempted to suspect that in life one verifies somngtlsimilar. A theory which opens a scenario of intrinsic tena
symmetry, reproposing the dualism of matpirit in a scientifically credible form. Also a qfound theologian lil
Teilhard de Chardin [41] finds himself on a similare of thought.Other thinkers have deepened the relatio
between negantropy (or syntropy) and information even trying link information with the opposite of entr
mathematically. Among these we recall O. Costa BauBegard [42] who deepened the problem of infdongiosing
in relation to the probability criteria (or bettef improbability) of the theory of thermodynamiasmong others ol
should certainly mention M. Eigen [43] for hisIbaint work on the evolution of the biological maanoleculesin :
special way another great scientist who has fulglidwith the problem of negaentroopy tracing iatgeneral picture
entropy should be recalledWe refer to llya Prigogine [44,45] and his dissipatstructures far from the equilibri
which can have a sort of unnatural dynamic stgbhiliwhich makes them seem in practice as if providett
negaentropy. The hypothesis which life can havedoarigin in the order deriving from a fluctuatibappening in
open system, like that of the surface of the eartmtinually radiated by the sun, seems daringchptivating.If one
accepts such a hypothesis one loses the sense tifebis of Monod which attributes the origin & lio chance, sin
instead, in conditions far from equilibrium somacgons which are decidedly improbable if takemammal situatior
near to equilibrium become suddenly necessary gsigraatic. These even present the characteristcadlerating tl
increase of entropy in the surrounding environmaArtommon element of all these theories lies inrthaving attribute
to living matter an opposite current compared toréfst of the universe, in a certain sense acgiagat the universal i
of increasing entropy and moving according to sgdaiws in a context able to invert the passaginté. The differe
theories attribute different origins to such a pireenon from the spiritual telefinalism of Lecomi?ea Nouy to th
mathematical symmetries of Fantappie to the rednistm of PrigogineThe recent discoveries in genetics shov
importance of information in explaining the mysteiflife: the double helix is a digital code abteselfreplicate and
defend itself against attacks from the outsédéernal world. A sort of alien in the world of menaterial which ew
though it does not escape entropic laws, and isapearlimited to the thin layer of the surface qfaaticular planet lil
our earth , still manages to give rise the lifdlofver, to generate a protozoon, a mammal or everai, up to forming
brain able to create works of art and to ask qaestabout its own origins.

*kk

The first components of matter are characterisepdrticles and their respective antiparticles, Wwhiteract according
guantistic rules, respecting some rigorous prirsf conservation and of symmetAt.this level time does not seer
present any preferential direction: if one invettssenset(-> -t) and contemporaneously changes the particlestu
corresponding antiparticles, the reactions remdémtical to themselves. Time does not present anycplar preferre
direction as if every antiparticle were nothing esttthan the mirror image of the particle which esponds to
according to an almost perfect symmetfyom the simple structure of the hydrogen atom \itghprecise levels
energy calculable using quantum mechanics to tmemions of the molecules regulated by the lawehemistry, whe
we put together some billions of molecules to ab&igrain of sand, we are no longer able to foltbes phenomenc
since it takes on an enormous number of unpredef@rameters: the grain then becomes a small chraaich we a
not even able to predict the shape and the welRjltting together elements known singularly the atig@ristics of the
groups eludes uLuantity becomes the source of uncertainty andetbmy with such a deficit of information,
entropy of the system increases and the sparfiighne becomes much cleardf.one imagines a beach where a «
has built a sandcastle, we are in the presenceméthing (information) which has partially redudbé entropy of ti
beach, giving it a well defined aspect. Neitheralbe disappearance of the sandcastle by the wdheafind and of tl
tides surprise us. We would be strongly impressestiead, if the sandcastle had appeared alone in the cafitbe nigt
on some deserted beach. A reduction of entropardies with the consequent appearance of some iafitwm no matt
how insignificant it is, immediately acquires thepact of a prestigious event for which one is irdilio look for a cau:
Brian Green [50] proposes the following explanatexample:

"Even if you put your desk in order, piled up widper, diminishing its entropy in this way, the taatropy, that ¢



your body plus that of the room will increase. Tdey your desk a certain expenditure of energyeisassary, your bc
emanates heat, thereby moving the molecules ofuh®unding air: if we take into account all thesects, tt
diminishment of entropy of the desk is amply corsgien by the total increase

These small banal examples tell us that we liva iworld in which the loss of information (increaskeentropy) |
completely natural but in which, though, with evergrease of information (reduction of disorde®réh must necessa
correspond an ordinating cause, information in serag imported from elsewhere. A world where chaossdnot mal
news, but where order and organisation generatel@othe sense of time being turned constanthjéndirection of ¢
inexorable deterioration of the messages with tmsequent increase of confusion (background n&isg)[

In our world every form of life has adopted digitalormation in the form of the double helix, thense digital techniq
which we have rediscovered to defend our electromenmunications from disturbances which comprc
intelligibility. Life manages to reduce its own sspty consuming chemical energy, like our informatishich feeds «
electrical energy. But while a diskette can conseavnessage for an indefinite time, the genetidrpany of a livin
being is constrained to live in an organism whiglalle to procure it the necessary energy for eeimgpand improvir
the information of which it is a carrier, besidedeguarding the project of sedssembly. It is thus that life has inve
death with the annexed instinct of reproduction.

Life appearstherefore, in the light of modern science like agtdinary information but also a dramatic challeagain:
the own planetary environment, which tends to dhliercontents. The reflection of Bergson whichustgd seems all 1
more prophetic and the different theories outlihede each express an aspect of the same trutihseato identify tr
cause.

7. ENTROPY AND IRREVERSIBILITY

" The more | examine it in detall,
the more | am convinced
that in some way
the universe must have known

we were coming

Freentayson

Unlike the other forms of energy, heat, once pa$s®d a hot body to a colder one, would never managmake ti
inverse passage spontaneously. Research into tisesaf such irreversibility has constituted a gi@ablem fc
scientists of all times. R. Clausius in 1865 madieé object of a general law (the second law efrtiodynamics) f
which there were excogitated two possible integirens: thedynamic which explains it in purely mechanical factor:
for example an imperfect elasticity in the colligimolecules, which would then lose a part of theietic energy in ea
collision. This theory was abandoned by Bolzmandeilih who declared himself in favour of a purgsobabilistic
interpretation of the thermodynamic phenomenonabse of the high number of moleculesolved the probability th
the heat passes from a cold body to a hotter onddnalme statistically impossible, like expectingttlabillion playin
cards after reshuffling over and over again go battk order. The entropy of a system, being linked th
thermodynamic probability cannot but increase curdlly. In such a system the statistical laws iat faxclude tt
possibility of passing spontaneously towards a peebable state and such impossibility is expre¢sestating that tl
entropy increases with every irreversible transfion. Bolzmann, in the light of such an excluspverobabilisti
conviction was pushed into claiming that for thévense as a whole it had no sense to speak alditgction of time. F
surmised that the knowledge of the time would nénare allowed a different interpretation of thewersibility of th
thermal phenomena.After the event of Relativity ghehntum Mechanics the dynamic interpretation efshcond le
can no longer be reasonably excluded: even a splgbton emitted or absorbed by a molecule of thstesy or tf



minimum but inevitable quantistic indeterminatiam the energy equation of a collision are sufficieamtmake th
reversibility of a given phenomenon impossible. &pdve may confirm therefore that the irreversipilif a system

not only something statistically improbable but esrfrom the very nature of our universe, where timerefor:
presents itself in a single well defined directmm as one says, an "arrow"[52]. The old analogpweid between tim
and the passing of a river comes back as everitg eirrent and today Bolzmann could not claim ttiae in the
universe, taken as a whole, knows no direct@esides, the simple observation of a phenomenenasigh to introduc
a some quantistic perturbation which characteitsesan unrepeatible way and each attempt to redo@ minimum tt
disturbance of the phenomenon due to the obseswaade impossible by the principle of uncertainyantistic theory
To the statistical irreversibility of the systenhete is therefore added a more general and stalcioe which ratifies
growth of entropy for every isolated system. A retthn in entropy is however obtainable locally otilyough the use
energy as in a refrigerator or a heat pump in whisbugh, there is made an energv greater inclieasiee entropy ¢
the environment. Modern physics can express tledrsibility of a system as the reshuffling of akpaf cards, but ¢
the part of a playawith dirty hands.

8. MAN IN THE UNIVERSE

O nature, o spirit of man! How inexpressible
are the analogies which link yoweh the smallest
atom doesn't agitate or live in teatwithout

having its good duplicate in thendhi

HermarMlle

According to some thinkers [39,40,41] who have ggised in the coming of man an extraordinary eve@n at
cosmic level, the strong development of the bragpresents something more important than a banabtiae
hypertrophy of a coordinating organ: we find owssl confronted with a higher level of living marsifation, whos
distance from the vegetative animal life would bere equal to that which separates life itself fritve inorganic world.
More recently others [46,47,48], have seen of a ftem of immaterial life in thought, that, even tigh hosted by ma
conducts a rather independent existence, preseswiey so notably similar behaviour:

A) The tendency of safeguarding cultural, scfentind religious traditions of every ethnic gra@xiom 6 pt 1)

B) Civilisations, theories and religions are notgmnial but can proliferate in other forms by fusicompromise ar
more or less bitter confrontations (axiom 7, pt 1)

C) The propension towards the maximum spread ofdibas of single individuals and entire civilisaiso(axiom 8, ¢

1)

To such characteristics one may add one which séemsveal a certain ancestral hierarchy: in thescmus c
humanity spiritual values outweigh exclusively bigical values. The mystic, the scientist, the figgem conscious
working in an area with a more elevated value goerating in a more ample time scale, to the pdintad distaining
physical death to reach some great idiesibllectual activity is perceived by our conscieras having a more vital for
able to produce information despite the chaos efetkternal environment (organised antientropyius one touches t
border between biological life and thought, phylsemad moral laws, seeing in them some element wgighs ther
common objectives: organising information (despite reigning entropy) from the disorder of the eowment. Thi
course of evolution towards a great "attractor'$d3,(as the experts of chaos theory would say) ccdloérefore b
scientifically portrayed as a struggle against aiso and ignorance by means of virtue and knowledye this
conceptual juxtaposition it is not difficult to usstand how what represents a child for the mamnsatomething vel
similar to a disciple for a religious man or a pupr a scientist or an artist; that the diffusioha belief, of an artist
current or of a scientific theory has an evidefinay with the education for survival of childreand in the end physic
death, like evil for religion or error for the sotést, sanctions the loss of entire patrimoniegfdrmation, overcome t
chaos of the entropic environment constantly hestitd in waiting (background nois@&jore than formal analogut
similar juxtapositions seem real forms of life agtiat different levels, but having in common theiggle for survival ¢



genetic or cultural information, a struggle ableitwent every strategy to avoid the environmentika hiding tt
contents. What life against death represents fgetative life becomes the human thought for thedgagainst evil «
truth against falsehood, different aspects of #ifsame struggle for existence. Organisation afatimation which try
survive death and chaos.

9. CONCLUSIONS

Orily in situations where the variations
inteopy are obvious does time take on

ateneaning

John.Barrow [55]

We have seen how in the stars are formed, stdiriimg hydrogen, all the elements making up the matt¢he univers
by an antientropic process, and at the cost ofcmgtincrease in the cosmic entropy constitutedtbifar radiation. W
have then examined the formation of more or lesaptex molecules in space and on the planets, uthaolarg
molecules which make up the building blocks of life which we see a further tendency for reduchng lbcal entrop
This second phase is fed by the increase in enwwbglye planetary environment and the solar raalatin our planeta
niche we continue to be spectators of the cleanltyeatropic phenomenon of life, of man and of Hisughts, &
accumulated by typical characteristics of a firedisand functional organisation, conservation arfigion of genet
and cultural information, consuming energy from #mvironment to feed phenomena clearly differeainfithe genel
laws of inert matter. And all this still at the ta$ increased planetary entropy. This chain hégirg and is continua
fed by the enormous energy dispersed by the sanspdce. The set of all the stars in the univesgether, thanks
their energy, allow the occurrence on the skinaofis little planet like ours the miracle of life aoficonscious thoug
In this mantle of miracles we are stunned to seeqsses which appear to proceed against the cwfdahe entil
universe, processes of accumulation and enrichofegenetic information, of explosions of civilisatis and cultures,
scientific and artistic creations and we feed tinigion that here we can make in small a sort afest down creation
the world.
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