(2] A ROUND TABLE ON SCIENCE , LETTER 5]
AND ART
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FROM THE STARS TO THE MIND

< THE DARK SECRET OF LIFE >

Reflections on the chemic-biological role of interstellar black material andthe appearance of life ir
the universe.

Summary.
Simple organic molecules have been identified antbagyrains of interstellar clouds. )
In our view, heterocyclic polymers must also besprd in space. Their synthesis is presumed to ahmimc

certain evolutionary stages of stars. Similarlyphesence of acetylene black in space is predicted.
A triple role has been assigned to these blacknmage _ _ _ )
- supporting structuresf interstellar grains through mechanical, eleealriand optical properties (cha

transfer, diffraction and absorption of radiatitlansformation of light into current);
- accumulators of chemical ene fgy _ _ _
- space storehoused C, H, N {rom which simple oxygenated and/otragenated molecular fragmet

“biogenetic bricks”, are built). _ _ _
In fact, the black materials can be consideredofid sompact parcels of C, H, N and allow simulizumn

transport of these key elements avoiding lossegg@yx, the fourth key element, is shipped as frozate

H20).
The:ge polycyclic blacks are split into smaller freemts by "photolysis” (similar reactions occur cartB by

laser beam and other radiation). These fragmemetdader recombined with oxygen radicals, obtainean
frozen HO. Oxygenated and/or nitrogenated biomonomersamed accordingly (equal or similar to th

already known on our pla_net%._ _ _ _ _ _
The properties of prebiotic, biotic and spatialcklanatter are compared and discussed. Speciakrefer:

given to conductivity, the graphititilerene structure and to surface and interstjtraperties. Consequent
the hypothesis that prebiotic melanins were insemital as enzymatic prototypes during the proceslbf
assembling primigenous organic molecules is deeel@nd supported. , _ ,

It is supposed that the organic black matter initierstellar clouds protects organic material froasmic
rays and regulates the ion/radical/molecule b&anc _ _ _ _

The nature of black particles is many fold: fromegoint of view they are instrumental in assembhtgm:
and molecules, from another in generating new nutdespecies by self destruction. _ _

A unique architectonic principle appears to acbmganising living and interstellar matter: cosn@ngegrity.

1 - Preface

In interstellar space there is solid black matter. _
Numerous nitrogenated, sulphurated and oxygenatganic molecules known on Earth are found t

associated withblack matter: these are of different types and derifies and always almost in radi
and/or ionic form, stabilised by the particulareirgtellar environment. It is possible to think thas mixture

of organic molecules has its or(ijgins in black udes. o
From the composition of the degradation materiad oan deduce that the black material is compos

carbon, polycyclic carbon (ggaphite, fullerenes) ahpolyheterocyclic carbon (N,S,O_z. )
Almost all "the terrestrial black materials widegmeéin nature (carbon, graphite, melanins) anc

synthesised blacks (polycondensed heterocyclesyensitive to different physical agents (FAB,, LAS
pyrolysis, etc,): under such action they explodd &ragment into smaller pieces. It is possible ttinad
terrestrial chemical behaviour finds a paralleltie interstellar black material. The organic moles
therefore, have origins in the explosive photolygsithe interstellar black particles. (1)

2 -Natura enim simplex est

DL_J_rinIg the last 50 years, the vision of the uniedras undergone more than drastic changes. ,
Initially we inherited thereassuring image of a placid, bucolic world fronol®mey and the ancie

Egyptians, with a tranquil Earth at the centre ddsby the sun and venerated by other plg



Copernicus brutally woke us up from this 1dyllicsan which had lasted millennia and suddenly theh

has been forced to run a breathless circle arcumdun as well as up and down the universe.
Today we have made a further leap towards a neucosmos, towards a universe which tends towar

infinite dispersion, sudden fruit of an enormoutastaophe with the monstrous name of Big Bang. (2)
Beyond the provincial Milky Way, which was once talken for the immutable expression of an ett

order, there are apocalyptic dramas: stellar exgiss collisions of stars and comets, gigantic enber:
between galaxies. The sun and the stars, the pesfpaeres which faithfully accompanied merchantd
navigators over millennia, are today hydrogen bgrpbsiently waiting their inevitable end. Soonerlatel
they will finish as they started, in catastrophearfof the apocalypse has given way to mathematidsth:
cold, rational certainty of the inevitable end. D& providence has packed its bags, hope is dehthamed
The galaxies are born and die like prehistoric atsimlike cosmic dinosaurs. The universe, once ondig
and peace, boils, is agitated, flaps in spasmseokges and convulsions of agony. The depth of line
coloured sky, where we had transferred Olympudoday the theatre of nova, supernova and of
explosions. Mad elementary particles, quarks, atéoms and molecules with no fixed abode alternéth
storms of deathly rays. Condensation of energy mtiter, and vice versa the annihilation of the e
material, are the order of the day. Flashes of ahdight dance across the dense clouds of darkemaii
gasses and of cosmic dust which obscure our videsd clouds will sooner or later collapse givirig it
stars and planets. (Fig. 1).

Fig. 1 - Constellation of the Centaur: Bok’s Glodsul

This frightening picture is not the product of aksmind. It was conceived one piece at a time,r &fte
recent progress of astphysics and physics together with the new spacéorecSpectroscopy, alree
amply used in the study of the structure of maler@and radioastronom(i8), used to scrutinise spaces,
demonstrated that empty interstellar space doesxist Space contains a confusion of complex acgamc
inorganic molecules. Surprising results have beached thanks to recent measurements made outs

Earth’s atmosphere, a fortunate filter of Spaceéatauh. _
So that today we know that at thousands of liglarydrom us, there are many of the composites sagy
for the synthesis of macromolecules like proteind peptides. Products which will play a highly elst
role in the appearance of life. _ _ _ _
Today we also know that these “blolofglcal brickgisted in space before our solar system and omepla
Therefore, life came to Earth from far away shomsdeveloped on earth and other hospitable pls
prarting from the same building bricks. o

he discussion on how and where life arose iscgbidin. , ,
On this question, which has an antique flavour)ater propose a new reply, even if we remain tliessin

dust of stars. (4)



3 - From space garbage to tenseg

Space is not empty, as the ancients believed wtemriag the depth of the sky on starry nights. $pa
occupied by material, although it is rarefied anthva nonuniform distribution between stars, planets

alaxies.
he interstellar materigb) of our galaxy and perhaps of the entire uniwésscomposed of hydrogen (7C

and helium (28%) in the gaseous state. Only a sargll part (2%) is formed of tiny solid particlesllec
cosmic dust or interstellar grains. Among thesenelgs like O, C, N, Ni, S, Al and Fe and also vas

organic and inorganic molecules have been idedtifie =~ _ _
An important role in the evolution of the interéaelmaterial is played by these grains, respondirehe

absorption and diffraction of radiation, grain/graiollisions, absorption of various substances logir
surfaces and electrical conductance. These lattepepties allow electrical charge transfer insithe
molecular clouds, regulating the ion/molecule iatdion, in turn a source of further reactions. TKsato thei
optical properties, the grains also play a rolefiliers in protecting the organic molecules frome

demolishing action of electromagnetic radiation ahdarious corpuscles.
The grains are amorphous and heterogeneous. Aogotdi spectroscopic analyses, they are forme

silicon oxides, water ice ¥, ammonia ice NB] mixed ices of HO + NHg3, various forms of carbc
(fuligines, graphites, fullerenes) polyarenes (pgblic aromatic hydrocarbons), silica carbon andattie

oxides.
Of all these products, the most interesting foravs certainly the carboneous products, from whifd

sooner or later took form. The grains are subegrowth and reduction. One could say that theye®ltheir
inorganic, but organised, life. Their dimensionsré@ase in the dense clouds, by chemical reactiah
gaseous types absorbed on the surfae®(MH3, CH3OH, CO, etc). A reduction of dimension comes at
instead, from the increase in temperature of tlaing, radiation with cosmic rays, gragmain collisions ¢
nearing a newly formed star. The surface of theingraepresents a valid site of synthesis thr

prhotofragmentation_and association between atohsaaicals. _ _
he chemical reactions in the gaseous phase ap ditadvantaged because of the high rarefactidhe

components and of the low temperature which makesbtnary and ternary interactions between ne
molecules improbable. The reactions on the surdfitiee grains therefore become a necessary alteerfat

the chemistry of space. ) o ) , )
The carboneous material of the clouds derives fmapiear fusion inside the giant stars. We can imagov

these “furnaceshave produced the carbon, oxygen and nitrogen fsbich we are made, from hydrog

and helium, by erupting burning fumes into the &ozpace.(6) _ , o
These then converge into interstellar clouds, whieege are ‘demolished and chemically recombined

they form a biogene molecule. _ _ _ _ o
Our cradle of life seems to lie precisely in thesemense clouds which seem real space laboratdfigsg

organisms are composed of four key elements C, Hgn@d N while various other elements (S, P, Fe
present in small quantities or traces. The appearar the first forms of life, even if still simplanc
primitive, presume that these four elements hargadly encountered long before, in the right plamkat th

right time.
T%day one thinks that this fouvay meeting, a possible but improbable event, haggen the interstell.

grains, where carbon and hydrogen were suppliedthgy photolysis of PAH (Polycyclic Aroma

Hydrocarbon), the oxygen from that of water ice #relnitrogen from the nitrogen ice also present.
Therefore, PAH, HO and NH would be the three ingredients from which thetfoigganic molecules at t

base of every further reaction derive. ) o
However, thé heterocyclic blacks, to which we skhthrtly return, have not been identified in spacalate

and neither have they been mentioned as a probabidgtaneous source of organic molecules. .
Among the various carboneous products, radioastngriwas identified some specific unsaturated aliph,

worthy of |garticular attention: the cyanor?olyin@.(_ _ o o
The fact that types, so reactive on Earth survivepace is surprising, but can be understood cerisglthe

temperature, rarefaction and photoprotection exed:t[)g thekf;rains and by the black particles.
The cyanopolyines are linear homologues of ace¢yléH CH added onto a nitrile radical BC Their bein

found in space finds agreement in the presenceeef &cetylene and cyanhydric acid HCN. These
reactive compounds can cyclize in determined c@rdif forming nitrogen heterocyclic and, from th
their black polymers.



Figure 2 - Cyanopolyines determined in interstedlzace

Acetylene itself can polymerise in the laboratagiying rise to linear chains (acetylene blacks)cyclic
products (aromers, oligomers, aromatics of benzeftese are variously coloured products with eleal
conductivity(8) (Figure 3)

Figure 3 - Aromatic polycondensed hydrocarbons

The aromers (€H4)n are not very common on Earth because of their gtadility. During the formatic
process of the polycyclic hydrocarbons those withoalinear structure are preferred. On this then
should be noted that in the series of aromersatbmatic character diminishes with an increaseadfenula
weight, while the olephinic and instability propestincrease. For example, it has not been podsibé®lat
the terminal heptacene in the pure state. The leoetyplack (35) formed by a linear aliphatic ch@adical-
polarone system) and, having excellent electricaldactivity in doped state, can be considered opne
of the black organic polymers (melanins). Acetyldioems easily from hydrogen and carbon at

temperatures and is present in space. It seemalpmhiherefore, that one also finds its direatgfarmatiol
product, acetylene black, in the clouds. This blackymer could play a relevant role in electric ije
transfer in the clouds and contribute to causimgy thark colour. It also represents a potentialestd carbor

from which to take fragments, by photolysis, foe Ehgnthesis of biogene molecules. o
The combustion of acetylene and other productdbas amply studied in the laboratory(9), confirmihg

in these conditions one has the formation of aramablycondensated types, fullerenes and fulig
Therefore it is credible that similar polycondeeshinaterials form in the extreme conditions of ‘teella
laboratory”. The polyarenes, derived from combustiaxe very common on Earth0,11) but fortunately

low concentrations (cancerogenes%.(lZ) _ , o ,
It has been estimated that 2% of the carbon presehe interstellar clouds is in the form of pakmaes(13

which represent the prevalent organic moleculékeruniverse.(14) _ o
These estimates could be redimensioned if the pcesaf black nitrogenated polymers in space isiooed.
Unlike the aromers, the PAH are not very reactind have very high fusion points (one may obserad

during the determination of the fusion point thiekiglass capillary melts before the product). Tihejon¢

to complex cyclic systems and the number of thesiptss composites is truly enormous. The physico-
chemical and biological properties, like stabibityd reactivity, vary according to the steric pasitng of the
rings and the grade of alkylatic



Both the polyarenes and the aromers are virtuginpeis of acetylene and It IS probable that theyt@maec
in the giant stars by dimerization of dienes anlygandensation of acetylene derivatives. Besidas:artt
they are found in the tars from the distillationcairbon and in the residues of petroleum refinik®).(In
these sources they are accompanied by the analgumysyclics with one or more nitrogen, oxyger
sulphur atom. In the stellar and terrestrial sysithethe preference towards one composite ratlaerahothe
is determined by thermodynamic parameters and nbt by chance. A confusion of highly reaci
compounds (radical methynics HC ; methylenicaCH; acetylene HC CH; dienes CG¥CH-CH=CH;
ethylenes CB=CH2; etc) in competition among themselves, takes chigynback to the first dawn, whe
under the influx of very high temperatures, powerhdiation and the absence of oxygen, prebiotctien:
were the norm. Among the many possible structurese which are more stable (and more aromatic
with a higher probability of surviving in theonditions of space have been proposed for thesietar PAF
(Fig 4), in agreement with radioastronomy measurgse

Fig 4 - Structures of polycondensated aromatic hydrocar{@®#gH, polyarenes) identified in space
radiospectroscopy.

The polyarenes are sensitive to light and oxygerddd the combined action of these two agents they -
highly mutagenic oxygenated products (e.g. benzm)in the Eartls’ atmosphere. With organic molect
and salts, they can form charge transfer completkese are excellent conductors of electricity aodic

catalyse various reactions in interstellar clouds. _ ) _
From what has been described one has the pictuaespfice “crowdedivith various organic molecules.

has also been postulated that many photoreactionar dn the grains, forming oxygenated aliph
composites (aldehydes, alcohols, acids, etc) waietkey products for the synthesis further of binoroer:

and polymers.(16) , _ ,
The nitrate products, except for a few exceptiovsH@, HCN, cyanopolyines, etc), have been given

importance, to date, despite their representing anthe main chapters in the chemistry of livingnia
(proteins, polypeptides, alkaloids, etc). Consiagrihat most of the biomonomers undoubtedly hae#

origins in space, it would seem logical to find thets of those nitrates in space too. _

We turn therefore our attention to this topic arydtd find a reply to three fundamental questions:
1. Is there a valid scientific basis for the pregeaf nitrated organic products in space?

2. In what forms is it probable that they are foumdpace? _

3. What relationship is there between the cosnmadipets and the terrestrial ones?

*k%k

Inside giant stars all the chemical elements siguftiom hydrogen and helium are formed by nuclaaion.
Carbon, hydrogen, oxygen, nitrogen, C, H, O, N,thesfour elements key of living organism#or‘there t

be life” they must be found close together anmmapPerriate forms.(17) _ o _
The carboneous stars, during the last stages ioft ution, are rich in C, H, N. It is easy toagine that i

these conditions various nitrogenated heterocy@geol, indol, pyridine, quinoline, isoquinolineic) ar



formed from acetylene and nitrogen. Similarly, osggted or sulphated polycycles (furane, benzofy

benzothio_Bh_ene, etc) are generated from acetylmdleﬁk/gen or sulphur . ,
The possibility of reactions between the carbonthedther simple elements like hydrogen, sulpbxyger

and nitrogen have been amply studied and now betotite repertoire of classical chemistry.
The hydrocyanic acid HCN, dbtained in the pureestat Gay Lussac in 1881, can be synthesised fre

elements by making a gaseous mixture of hydrogeh ratrogen run across a voltaic arch with t

temperature (1800°C) carbon electrodes. ,
Passing acetylene282 across red-hot glass tubes, Berthelot demonstithtedormation of benzenesB6

obtained by trimerization and cyclization. _ _ )
If one makes a flow of acetylene, heated to att[868°C, pass over pyrite, one can isolate thioph&1C4S

fSteinkopf) in high yields. _ _
n a completely analogous way, using ferrous oxidea catalyst and an oxygen donor, the furas@4€

forms from acetylene. ) _ _ o
In favourable conditions (high temperature, metaispgen) acetylene and butadiene cyclize givisg Ic

the pyrrol HC4N, which represents an important component of warianimal and vegetable products

prolypeptides and proteins, haemoglobin, chloroplmytiotine, atropine, cocaine and many others. _
hérefore, we can give a positive reply to thet fiqgestion of the above section: On a theoretitatgy i

seems probable that nitrogenated organic produots ia particular nitrogenated heterocycles (
sulphurated and oxygenated) form in the cours@@ftellar chemical reactions and are eruptedsidleree
space.

*k%

The nitrogenated heterocycles like pyrrole and iedéke also their sulphurated or oxygenated @
(thiophene, furane) and their derivatives tenddlymerise. This phenomenon is accentuated in tesepic
of certain catalysts and is highly favoured by temapure and light. The polymerisation yields amorg
black materials, conductors of electricity and elcéerised by a graphite(18) or a giant fullerenpe

structure.
It is therefore probable that simple heterocyclmsce formed in the stars, are quickly transforrmed the

corresponding black polymers (polycyclic heteroimyblacks), and as such are released into spagegFi

Acetylene + Nitrogen
CHCH N

Pyrrole HCsN Indole HCsN  Pyridine HCsN Quinoline HCoN Isoquinoline HCoN
Pyrrole-black Indole-black yridine-black Quinoline-black Isoquiime-black
(HGN)n (HEN)n (H@N)n )n (H&N)n

Fig. 5 - Total synthesis of some heterocyclics it black polymers from acetylene and nitrogen

Graphite is a stable product, even though sensibllee action of LASER rays. These manage to expits
structure giving rise to smaller fragments with tharacteristic cage conformation of fullerenestéice oi
this new closed form, the plane of the open strectd the graphite, formed by a net of hexagonalpes

curves, restricting a certain number of hexa?ntmpenta ons?. _
In interstellar space, the graphite and the blaalgrpers (indole black, pyrrole black, acetylenecklaetc

undergo bombardment by high energy electromagaeticcorpuscular radiation able to demolish themm
smaller fragments. With similarity to what happéndhe laboratory on Earth, it is probable thatstheur
transformed also into fragments with nitrogenateliefene -graphite structures. In these, the penta

necessary for the closure of the cage are repexségtthe pyrrol rings, isosters of the cyclopentha _
The substitution of some carbon atoms with nitrogpea computerised model ofsCleads to the formatic

of a nitrogenated fullerene, 5@N7, in which quinoline units are present. The cal®dageometri
optimisation does not produced deformations ofiniteal soccerball type structure. The model shows hc
giant fullerene structure is possible for synthetitd natural blacks. For the giant fullerenes oreslipts
diffraction spectra of Xays similar to those predicted for graphite suites. For this reason we believ
probable that black pigments and their fragmentamfrphotodemolition are found in space. Ti
conclusions give an answer to the second of thetiqunes we asked at the beginning of the sectiom. dlacl
polymers are excellent electrical conductors, gpoirtant property for the evolution of molecularuds, an

the dark colour may also be caused by the pressfridack material. _ _
The experimental verification of these claims may gossible in a short time, (first decade of thet



century) when it may be possible to put our hamdsamples of interstellar material (19?. _ )
In the " meanwhile, it would be worth verifying thpestroscopic properties of the black pigments &

laboratory, and comparing them with what has bedleated from radioastronomy to date.
The presence of nitrogenated molecules of the fuase HCnN in space has also been shown. These

been attributed a cyanopolynic structure. , _
It is interesting to note how this same base foamebrresponds to some black pigments, derive

polquondensation of heterocycles (pyridine blacksNCguinoline and isoquinoline HEX).
At this point it is possible to draw a further chrsion, confirming that in space (besides the Wabbwr

polyarenes, graphite, fuligines and aromers) thezamost probably also:

- acetylene black , , _ o o o

- blacks of heterocyclic polycyclics ((Joe/rrol blaghkgdol, pyridine, quinoline, isoquinoline etc,)

- nitrogenated and non-nitrogenated fragmentsy rom photodemolition of the heterocyclic black
Most of these heterocyclic materials form chargedfer complexes able to move electrical chargearti

the inside of molecular clouds and vice versa talgae further chemical reactions. _
These materials are all black (acetylene blackiabyy indole, pyridine etc). This helps to expl#ire darl

colour of the interstellar clouds. , o _
The black polymers can be considered as compactamels with which it is possible to transport tey

mixtures with bases of carbon, hydrogen and nitnogjenultaneously in space. In the right place anthe
right moment it is possible to have simple nitrogte and/or oxygenated organic molecules, identa
those which compose living organisms, from thesdutes, through photodisassociation and recombin.
(Fig. 6) ( www,tightrope.it/nicolaus/13.htm ) anahk 5.

*k%k

According to various research, thieterstellar grains are composed of a nucleuslichsbxide covered by
mantle of KO ice and NH ice. Polyarenes and other simple molecules appéain this icebox. As alrea
mentioned, we believe that other nidentified carboneous materials should also be downthe grain:
These including the black pigments of polycondertset#rocycles, acetylene black and their fragmiem
products. These black materials, undergoing higiliggncosmic radiation are fragmented and recombing
to obtaining, with the help of 2D ice, simple oxygenated organic moleculexOHCHOH, C2H50H, et
and nitrogenated molecules HCN, &N, etc. These molecules in turn are trapped adidtake part it
further fragmentations and combinations. Accordiogthis model, the grains act as a support fol
chemical reactions in the solid phase. These \aligen at temperatures near absolute zero, undactioe
of cosmic radiation comparable in intensity to estrial LASER rays. In these conditions one cane
selective reactions at photosensible moleculas gigrgets) eliminating the background noise ofatibn:
and thermic movements. The forced fragmentatioth@fblack material will bring a myriad of radicashle
to react with the water molecules in ice, captatimg oxygen. This will give rise to oxygenated ougenate
and mixed compounds, keys for forming biomonomerd polymers. In the grains aliphatic prodi
aromatic products and oxygenated heterocyclics [foimong these are : GBH, CHsOH, HCHO
CH3sCHO, HCOOH, CHCOOH, NH,, CHsNH2, CoHsNH2, HCN, CHCN, HC(NH)COOH, CHCH(NH-)
COOH.



Fig. 6 - Explosive photodemolition of the black fides.

Parting from a few simple products the stream efdlganic molecules will follow like a flood, anabin this
will come life. In the biological synthesis of bimymers (polysaccarids, proteins, lipids and othessla

energy is transformed into chemical energy. , _ o ,
Consuming these products, the organisms acquiréutéing blocks of living material and recover paf

the accumulated energy. The macromolecules therelay a triple role of:

- Support structures for the organisms,

- Accumulators of ener%y,_ _ o _

- Stores (reservoirs) of building blocks of livintaterial.

Life on earth was built on these simple principles. _

Something similar happens in the cosmos. Whenttre synthesise the base elements, and from thehe

or%]anic polymers, in fact they transform nucleagrgy into chemical energ?/. _ _
After the expulsion from the Stars the organic > navigate in space also playing a triple ade,
- Support materials using their mechanical eledtrscal optical properties (charge transfer, diffi@ctol

radiation, transformation of light into electricdlarge);

- Accumulators and distributors of energy (chenjwa’l

- Stores of molecular fragments, (simple’and compielecules). _ _ _ _
The reactions in the stars occur at very high teatpees and pressures, in reducing environments.iJlthe

ideal site for the chemistry of carbon, and nitragEhe oxygen, instead, where it is formed, is stvappe:

in water molecules. _ , , _
The chemistry of interstellar space is the chemisfrcold. It occurs in the grains at temperatunear tc

absolute zero, in solid systems (ice), under thmmof cosmic rays and in the presence of oxygethé

water molecules of 2D ice. It is a chemistry in which the bonds brea#t eeform with great precision.
The screen of dark material, the low temperature,absence of free oxygen gas and of gravity atlos

survival of radicals and even highly reactive males. o _ _ _
The chemistry of the biotic era, instead, is ofefined sophistication. It is the chemistry of enagrir

antiradical functions. It is a chemistry which lswaoderate temperatures, watery environments, atmeos

rich in oxxgen. It is the chemistry which has tamex%gnen, the most aggressive of the terrestriahergs.
Despite the considerable differences these thremdltries are made similar by the same princigleatur:

enim simplex est"Cosmic order has stamped the biological world,rhaslded the living world according
a unique architectonic principle. Wherever one guames eyes in the living world there are cher
reactions. Plants and certain bacteria fix therseleergy synthesising complex substances from s



materials. Other organisms decompose these matértal simpler structures, using the energy thayain

In every cell there are intense chemical procegsesiction, oxidation, hydrol¥sis, synthesis, etc).
The chemical composition of plants is simple. Tiechemical architecture of the living things is edon |

few pillars C, H, O, N, S, P, etc. This sparse yananifies into a myriad of molecular compositesiany
with a base of only carbon hydrogen (the hydrocashaernary with a base of carbon, oxygen anddyget
(carbohydrates, fats etc), quaternary with a basaron, hydrogen, oxygen, nitrogen (the ammirgsdie

Eeptides,_polypeptides, proteins, nucleic acidslaids, lipoproteins, etc) and so on. .
iving beings possess a unique characteristic,odzpribility. Another salient property is the spettfy of

the single structures and the relationship betviieerstructures and a biological role.
The surprising variety of living forms and the ividiuality of the various organisms can be condudttethe

individuality of some macromolecules, the proteikkwever, these are nothing but combinations

ermutations of a few amminoacids, invariant faiaas millions of years. _
n all the organisms, fuel is transformed into cemb dioxide CQ and water O through few reactior

The production and use of energy, on the part efclls, has the same mechanism in many animailes

from protozoons to mammals. _ _ _
Returning to the star at this point a spontaneogstipn arises, about the role of interstellar sntiogt black

tinted garbage of the space which is among the awedlly of cocktails. At first sight it may seeatuptet

from gigantic forges. At a closer look it demonttsaa design and a target. o
Among the dark clouds light is reemerges, liftifig tveil on the great mystery, it is no longer cortgdl

secret.

*k%k

4 - From a black tinted firmament to the skin and tharb

On Earth nature is painted in many colours. Tramdicg) purely aesthetic values, the colours playigue

role in the communication between different woildsimal, vegetable and mineral). , _
Colour is an instrument of communication. The mada with which colour is formed is physical

happens through the change of the state of th&@hscin material.
Colour is an electrical phenomenon. Light and eleity are easily transformed from one to the otfidrey

are two aspects of the same nature. _ _
A grating, a prism or a drop of dew all decompdse light into colours of the rainbow and each sk

colours corresponds to a frequency of an electromiigwave. A body appears white because it reflat
the light, black if instead it absorbs it. In sghli white seems fresh, while black burns. Blackndg,
therefore, a colour, on a par with the others. &hera precise relationship between the coloursthe
structures of colourants, and the pigments aresified on the basis of their structure: carontipigkeridins

[|3_orph rines and so on. , _ , o
he black pigments are an exception. They are upg according to their colour which is not a co|

neglecting the extreme differences of many of thdinis is black tinted chaos. The terrestrial b
materials, unlike those in space of a binary (C,oH}ernary (C, H, N) nature, are in general oxyded
They are easily obtained by polymerising simpleenoles and are named aftdre substances which h:
generated them: acetylene black, benzene blacknegnpyrrole, thiophene, indole, pyridine, quima
isoquinoline, etc. o _ , _ , _

Those produced by living organisms are well represse both in the animal (eyes, skin, hair, etc) tre
vegetable (seeds, flowers, fruit, woods, etc) kargd. They were called melanins(20) and often ddrve
aromatic systems and polyhydrqxglated heterocgﬁﬂas _ _ _ _
Leaving aside the precursor which has generatéua #ral for this reason also their substitutes, th&anin:
present properties typical of black materials drebé& can be conducted to the nature of the salid. #lack
materials are spread in all the universe and isostinalways amorphous and norystalline. From th
lithosphere and biosphere to the cosmos, they pssateresting chemical and physical propertie$ thor
the implications for the vital processes and fer study of astrochemistry. These properties include

- EPR (Electronic Paramagnetic Resonance);

- Electrical and sound waves conductivity (36); _ o

- Modification of surface progemes under the @ctof electrical and magnetic fields;

- X-ray diffraction spectruni22) o )

- Sensitivity to radiation which produce ionisatiand lysis of the covalent bon(23) o

- Fragmentation of the structure on fast atomic ment, LASER rays, pyrolisis, oxidation

- Formation of charge transfer complexes

- Permeability to gas and liquids. _ )

The melanins are “fruits of the Earthhd for this reason almost always oxygenated Thb &athe planet «
oxygen; oxygen is life. The melanins are ternaryHICO) or quaternary (C, H, N, O) or more comp(€x
H, N, O,S, 1 composites. Life, complexity ahé tmelanins are the fruit of living organisms.

The black polycyclic heterocycles are the offsprofgthe stars and navigate in space. We can ceit
“space melanins"They are almost always ternary composites (C, H, TRy are constructed according
the same principle and this relationship is giveray by their structure. The oxygen distinguishess tilc

classes without changing, though, some fundamemalerties



Similar or differen structure, similar or dittere role”
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A guiding concept is recognised in the structure adif the pigments. They all have an exter
polyconjugated radical-polaronic system called Lite spine(24), in which unpaired electrons cre
conduction bands. The black particles are amorplsmmsiconductors and have electrical conductal
which can be modified by doping. UnderrXys the melanins present a diffraction spectrurichvis simila

to that of graphite, or of the giant fullerenes. o _ _ o
The strict relationship between melanins and gtephkiexpressed in the colour black, in the EPRagr

the electrical conductability and in the sensipitit oxygen, to name some of the parameters. Tlhga i<
So strict as to be able to consider graphite ineseanse the simplest natural melanin or the “Pretanm”

of the {)rebiotic era. _ _ _ o _
Like other black particles, the melanins are sessib light (photoionization and photolysis) amdUtASER

rays (Light Amplification by Stimulated Emission &adiation), which provokes a real explosion of
structure. This property finds multiple practicaks: in dermatolog25) for the transformation of black s

into white, in cleaning of monuments and art works. _ _
The collapse of the black particles has been dfuliethe purpose of cosnahemistry, among other thin

by bombarding graphite with LASER (the experimemdught about the discovery of the famoue €26).
It"does not seem that there has been further iigati®in to see whether a similar reaction occurshi

interstellar black dust. Despite this it seems orable that electromagnetic fragmentation playsot
indifferent role in the photolysis of the black &etcyclic polymers present in space. Effectively #mal

organic molecules associated to the black matewdatate that there is fragmentation in course. )
The melanins have origins in the hydroxylated (@diphenoles) of aromatic systems like benzene,l]

Byrrol, pyridine, quinoline. _ _ ) , _ _
OPA, "Dopachrome, DHI (5,6-Dihydroxyindole), DHICAS5,6-Dihydroxyindol-2earboxylic acid’

dopamine, adrenaline, serotonine, 5,6-dihydroxianpne, 5,6-dihydroxy-7-methyktrahydroxyquinolin
(linole salt)(27), are some of the substances, which play aimateurotransmission in living organisms,

which have the properties of producing black plsi¢melanogenesis) in turn having a biologicas rol
Melanogenesis is a complex reaction of an enzynaatit radical type. The first phase consists of

formation of the oligomers, in which polyconjugatglthins assembled according to the scheme of ttle
spine (acetylene-black) are present. The secondepisacharacterised by the sa#fsembly of the vario
units up to reaching graphite structures. This rhigleniversal and is valid for the melanins ontkanc
those in space (in the former case it is usefalotusider the role of oxygen and of the enzymesatimey or

Earth).
The n)qelanins are able to bond various substanadsoas both by salification (carboxyls, nitrogensés

and by coordination in typical porphyrine complexasthanks to interstitial processes. Also the o
gasses and water can be trapped by the melanisasrfdion) as happens in the case of active carhdrtta
small fullerenes (& and &0) with some noble gasses. The entrapment of oxggdrnwater can suggest r

biological roles for the melanins as matrixes foidgd reactions. _ _ o _
The porphyrine system allows the formation of vasicomplexes, helping to explain the affinity fons an

metals, the peroxydase activity, the absorptiorga$, the coordination of the water molecules arm

electrical conductivity. o _
These properties and the fact that the melaniren(é\different from the currently studied molecuteecaus

of the lack of oxygen) must have already been ptesa the Earth in the prebiotic era, has led &

hypothesis of their having a role in the self-adsigrof the first organic molecules. _
Acting as a matrix these materials would offer madyantages, besides the simple absorption of zQe

the part of the minerals. In contrast with the ntonous symmetry of a mineral lattice, the blacktipkas
can offer a vast diversity of steric configuratiphseth with their own external surfaces and withitthporou:
internal parts. If you look for a given combinatiohstereaspecific sites and relative functional groups,
having the capacity to bond metallic ions, the miglgarticles seem more adapted than mineralscliky
and pyrites to be prototypes of a structure of eratic behaviour. In this same environment it shdd
recalled that the melanins possess structural cteaistics similar to molecular sieves and to resivith
ionic exchange. More explicitly, the enzyme is aniravhich traps reagents and is provided with aattie
centre (catalyst). The melanins correspond torttidel of a primigeneous enzyme. The electrical souhc
wave conductivity of the melanins, the fullereniges, the surface properties, the unpaired elestthe
hydration, the interstitial activity and charge eesibly applying an electrical potential, that ihe
electroactivity of the melanins, thus reveal the other side ofrthature. This is flexible and mutak

completely unexpected from the rigidity of the sture. _ ) )
Under the action of heat, powerful radiation anelctlcal discharges the melanin matrices take ukhe

prebiotic era, when carbon derivatives are orgahniato simple molecules which become more and
complex eventually yielding living organisms.

*k%k



The age of our planet is written in its rocks atsdbirth, connected with the explosion of a supeanava:

certainly traumatic. ) _ _ _ o
This is testified by the radioactive uraniuesdU) still present and by its fission products, adlae by th

endless deposits of heavy metals, these being etemdnich do not form during normal stellar evabati bu

rather, following violent fusions. o _
From the geological stratification and the radioaist of the rocks the start of the Earth as anejpehder

Elanet in space, is dated at 4.5 billion years ago. , o _
rom this one deduces, that anaerobic life steBt@dillion and aerobic 2.5 billion years ago ditiéde less

therefore there are about 900 million years betwberbirth of the planet and that of litke prebiotic er
28).
he) atmosphere today is dominated by nitrogen agdem, with small percentages of carbon dioxideCO

H2, H2S, CHi, NH3, NO2, NO, S, O3 ( 29). _ ,
The atmospheres of Venus and Mars are instead dtedirby CQ with small percentages of oxygen .

nitrogen.(30) Making a comparison with something from everydé&y, lour atmosphere is like the mixture
burning gasses which makes a motor car work, tbb&enus and Mars like the exhaust gasses of tine
motor. The first case it is synonymous with life,the second is exhausted and sterile. We do now
precisely what the primogeneous atmosphere of #mthkvas like. We can only make guesses. One irae
that it was reducing and for this reason had tipacity of binding oxygen and impeding its appeaeainche
pure state. The oxygen appeared much later, freguhbtosynthesis or microrganisms. It is a gift from tl

sun and from life. _ , _
From the reaction of the ferrous ion {ewith water (HO), copious amounts of hydrogen gag)(Formec

which was dispersed in the atmosphere. At the dameehydrogen was also erupted in great quantiiy

vulcanoes together with carbon dioxide é@.o _ _ _ _
All this contributed to making the air and the atghighly reducing. A totally different picture today’s. If

today, for example, we threw the carcass of amtarthe sea today, soon we would have little mbam t:
pile of rust. The oxygen oxidises the iron withgity. In those times, the car, would, instead, hadigsolver

without leaving a trace. o _ _ _
In the first five hundred million years of its foation, it seems that the Earth was bombarded byl

planets, asteroids, comets and other residue dafltluel of the sun. The traces of these apocalyuotitsions

are still obvious in the many small, large and imse craters so far discovered in various regidh.(
Besides the mechanical damage caused by this cdsamé, it is probable that many simple and com

organic molecules accompanied the downpour, stamedhe grains of the interstellar clouds. Tt
contributed to the creation of a “protomigf reagents ready for further combinations, fromndnomers t

biopolymers, on the Earth’s crust, in the sea arldke waters.
In the prebiotic era chemical reactions alreadytcdied out in space occurred on the Earth and ¢

adequate to the profoundly changed environmentadliions also developed. The temperature passea
almost absolute zero of space to 20-30° Barth. The molecules no longer frozen in the gréiesam
mobile and superactive with great possibility ahineing in the agitated waters with strong tidese Kinetic

prossibility of collisions and reactions with diféent partners notably increased. )
he now liquid reactions and the weakening acidfaed the dissolving of basic (amines) substanne

reactions of addition and condensation with ottueictions (e.g. aldehydes + nitryls ---amminoacids
while the reducing environment kept sensitive prtglu(aldehydes, alcohols, phenols, etc) safe

oxidation.
The water screened the UV rays and actively ppdted in hydrolysis and hydration. New possib#iti®

assembling complex structures were created at thid/Iguid, solid/gas interfaces between disso

reagents or gaseous with inorganic (clay, pyriées) organic (melanins) matrices. _
Following the decomposition of water g%) ighly reactive oxygenated radicals formed givihe start t

new reactions and new compounds. The era of oxygeiid soon come about. The notable increase i
temperature stimulated reactions which were presljoblocked for the lack of activating energy, lire thev

terrestrial environment. _ _ _ _ _ _
A mass of metallic ions, free and chelated in foatie matrices (melanins) mingled in the marine lake

environments, determining the chemical cataclysnchvbgave the biotic era the start of enzymes.
The “prebiotic test-tubebecame bigger and bigger, expanding enormouslingak by now, lakes, seas ¢

oceans: the biological soup was ready for cooking.
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Given that the pot is ready a spontaneous queatisas: Will the soup be the simple outcome of chaor i
it, instead, preordained and to some extent guiddd? question is valid, giving an answer is difficin
nature there is a continual conflict between thengaf chaos and the tendency to setfjanisation. Tt
study of the sciences and of chemistry in particat@ves in the direction of order, seeking an ardy
principle of every phenomenon. We shall examine ¢macrete examples, one coming from physics ther
from biology



We have a universe made ot hydrogen. In this use/earbon is the element on which lite is base. still

difficult to understand why such enormous quargitéthis element have formed.(32) _ _
The synthesis of carbon’is a sequence of improbaldats favoured by energy. It starts with theds!

two atoms of helium which form beryllium, an isotophich is so unstable that it must disintegratieldy
and regenerate helium. But, instead, the berylliuges with another atom of helium and producesare
This last reaction is improbable but is favoureacsi the combined energy of beryllium + helium (D
MeV) is in fact a little less than that of carbadh@b6 MeV). Reacting with helium the carbon shouidurn
form oxygen. However, this reaction is not favousatte the energy level of oxygen (7.1187 MeVpisdi
than that of the two reagents (C+He = 7.1616 MeX&neif only by a little. There is a low, but suféat,
probability that the energy levels of the sequeHee Be, C, O are in correspondence with the necg
levels. The energy balance prevails over the gdnsbance. Therefore we have a universe colourezkbia
black as coal. According tdarwin, the first forms of complex life (blue algd®acteria) developed in t
span of 500 million years, parting from a casualaooalar soup. A short length of time, frankly, fastaining
such complexity through the game of fortunate cleainieactions and casual mutations. Chemistry Vi
precise laws. The molecules, even though free ¢dlate, vibrate, and move randomly and tend toobbes
organised according to predetermined lines. ey concepts of chemical valence or of affinitye
deterministic. The atoms are not free to pair uygloanly They obey the laws of chemical bonding, @twce
and affinity. The same is true for molecules whiak groupings of atoms, pairing according to aipe

design. The degrees of freedom of atoms and mas@uk not infinite. Little is left to luck.
The evolution of material, which started with tHemneentary particles, continued with atoms and mdé=

inside the stars and interstellar clouds. The péageecosystems are made up of populations by sk
organisms and these are made up by cells, the lelfgoteins, the proteins by molecules and blothe

molecules by atoms and these from subatomic pesticl _
Nature (from quarks to the galaxies and from baterthe planetary ecosystems) tends towards @xity,

to self-organisation. The subatomic particles joimtoms andmolecules, these in biomonomers first ar
polymers later, the protobiontics in structures phaticellular organisms, which in turn make way $ocia

and ecological systems.(S?;R _ , _ _
The creation of this plurality of organisms andustures in such a short time necessarily reduce

casualness of evolution and alters the probalwfityariations in favour of ordered and coherentountes,
Therefore it appear more and more realistic thatetrare interactions between the physical, chenaice

biological aspects of nature. These interactionshvinake order prevail over chaos.
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5 -The dark secret of life

Our vision of the cosmos and life have changed filmenstart of civilisation and they have been auaed ir

the last few years, by the force of science andnelogy. _ _
Today we know that the space between the starpkmets is not a vacuum as was once believed

vibrating with material. There are atoms, ions,@grand complex molecules. Some of these moleaurby
exist in the stellar regions, many are well knownthe terrestrial world. Among these there areous
composites necessary for the synthesis of protepeptides, carbohydrates, and lipids, the |

macromolecules of IivinP organisms. o _
The clouds have lost all their magic charactedstind seem more and more like huge black colouedidr

garbage cans, gigantic accumulations of rarefietenad, all dust and grains of various size, whiicle in
their own organised “inorganic lifeThe grains grow, diminish in number and amount, aredin continus
evolution. They show important optical propertidéf(action, absorption of electromagnetic and cmgqula
radiation), electrical properties (charge transfeeg photoelectric effect), chemical propertiesofplythic

reactions, photosynthetic, dissociation and coniliing Singular properties which evolve and altetatly.
In the grains, real miniature space laboratorieglicate photochemical reactions occur which grea

importance for the future biogenesis at temperataear absolute zero. Complex materials are fratgt
and these recombined into oxygenated and nitrogdnmablecules (alcohols, aldehydes, acids, carbos

ammines, nitrils, amminoacids, phenols etc). _ _
The black polymers are excellent conductors anavshh@ronounced photoelectric effect (transformate

light into current). This property is possessedriceven greater measure by charge transfer consprexer
form easily from black polymers. It is reasonaldestippose, therefore, that these play a role irvioéutior
of the stellar clouds. All this assumes particialue considering the stars and planets which foom the

g'lravitational collapse of stellar clouds. 3 _ _ _

he black polymers, probably created from polynaitg of acetylene and nitrogen in the giant staliesy ¢
triple role in these clouds. They are: , , , _ _

- Support structures: mechanical, electrical andcaptproperties (charge transference, diffractioml

absorption of radiation, transformation of lightdrcurrent);
- Accumulators and distributors of chemical energy; _ ) o
- Space storehouses of carbon, hydrogen and hitrilgem which to make simple molecule”building



bricks” for biogenesis). o ] )
A similar triad of roles is played by organic bidyyoers on Earth, demonstrating how, as the matesial:

to organise, cosmic order gives its imprint to lthieg world.(34)
The carbon together with the hydrogen, oxygenpgén, sulphur and phosphorous, represent the bt

life. For life to be created these elements (besalkers in small traces) have to be found togethire righ
place, at the right time and in the appropriatenforhey are extruded from the furnaces of the digastar:
in elementary and combined forms: the carbon abocadust, fuligines, graphite, CO, @HC2H2, the
hydrogen as Bl H20; the oxygen as ©) H20, the nitrogen as 21 NH3, NO etc.. The black polyme
represent the most condensed forms of C,H,N. Thksaents are normally packed in solid structured
can thus start their interstellar voyage withouhgelispersed (hydrogen and nitrogen, gaseous toyenar:
trapped in the cage of the solid material). Polysa¢ion achieves the double scope of compactingéy
elements and accumulating chemical energy. In tlweids the polymers are therefore fragme
photoelectrically and their fragments opportunetgambined with oxygenated and nitrogenated rac

taken from the ices). _ _ ) _ _
elanogenesis is a complex radical reaction whedd$ to the formation of cosmic black polymers

terrestrial melanins. The process follows a uniadensodel for the black materials both on Earth emspac:
(in the case of the terrestrial melanins the rdl@xygen and the enzymes present on the Earth k=

accounted for). ) o _ _ _
Thanks to particular properties (conductivity, iveiefullerene structure, surface properties, inteed

activity), the terrestrial prebiotic melanins couidve played a notable role in the sedtembly of tF

[Ia_rimogeneous organic molecules acting as prototgpéee enzymatic system.
he carboneous interstellar material formed by pahgensed heterocyclic structures, already known on

Earth, explodes into many smaller fragments, umdetolysis, which recombine with oxygenated rad

forming biomonomers similar and/or equal to thosevin on the Earth.

The black polymers play a triple role as; , _ ,

- support structures thanks to their mechanicattetal and optical properties;

- accumulators and distributors of chemical energy; ) _ _

- space storehouses of carbon, hydrogen and nitrimgthe form of “solid compact structureg/hich yielc

simple molecular fragments (“building bricks” fologenesis). _ o ) ,
The black materials have a protective action ag effects of cosmic radiation on organic maleainc

regulate the ion/radical/molecule equilibrium ie iinterstellar clouds. _
The black particles can be seen either as asserdflatoms and molecules or as generators of sfiemie

of molecules through their annihilation. A singleique cosmic architectonic principle organises bising
material and interstellar material.

The full version of this paper with figures ,B.Niolaus,R.A.Nicolaus " Lo scrigno oscuro d
vita.Riflessioni sul ruolo chimictiologico della materia nera interstellare e sutamparsa della vi
nell'universo." Atti della Accademia Pontaniand.XaVIll, 355-380,(1999) is available on request.

Prof.B.J.R.Nicolaus
Via Crescitelli 6
1-20052 Monza.

NOTES
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