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Abstract—Data on biosynthesis and similar artificial processes of chemical-informative synthesis are
summarized to establish that information is nothing but the property of matter to adapt to the existence condi-
tions by structuring. In other words, information is a factor of self-organization of matter. The regularities of
matter organization on a given level of structural hierarchy, including the prebiotic one, are established. The
essence is the following. At the formation of a stationary dissipative structure, the production of information
in the process of structuring attains a maximum, so that structuring is the process of producing and materializ-
ing information. The absence in inanimate nature of polyatomic chemical individuums, polymers and solids of
constant composition, is noted and explained by the negligible probability of formation of polyatomic
chemical individuums. However, this probability can be heightened by the afflux of large information pro-
duced in the processes of chemical-informative synthesis. The creation of nature-friendly chemical-informa-
tive technologies on the basis of biosynthesis is forecasted.

1. PHENOMENON OF NON-STOICHIOMETRY  but with no one solid, generally, polyatomic chemical
individuum, except biopolymers? The answer is given
It is accepted by this time that, in addition toby the theory of probability: the formation of poly-
individual compounds of permanent compositionatomic individuums is an extremely rare, practically
there are individual compounds of variable composiunrealizable event. However, the existence of bio-
tion, non-stoichiometric compounds, including allpolymers, as well as of the above polyatomic products
polymers and compounds, i.e. the overwhelmingf chemical synthesis, compounds of permanent com-
majority of substances [1]. As for solid compoundsposition [3, 4], conveys the suggestion that the syn-
of permanent composition, they seem to be unreathesis of polyatomic individuums is not prohibited
since, being crystalline substances, they, at a tenby nature.
perature above 0 K, always contain defects disturbing At executing the synthesis
their stoichiometry. However, the compound variation
can only occur at the expense of the medium. Accord-
ing to the mass conservation law, defects arising in

the bUIK.t.Of aq_hisol?ted sdubfsta;nce, cgnn%t ctt;ange'iiﬁey always presume that, when process (1) attains
composition. Therelore, delects areé besIte the poinkyjijibrium, a mixture consisting of substance AB and

. . o - Masy dissociation products A and B is formed rather
and solids have variable composition for the simple,,, substance AB. If AB is a low-molecular com-
reason that they are mixtures of corresponding homg; '

I d | Hiniti bst Unfortunatel ound, one should take reagents A and B in some
0gs and analogs, aflinitive substances. Unfortunalely,, -oss (and, later on, eliminate their residues from the
neither this fact [2], nor even the synthesis of indi-

vidual polymers [3] and of solid compounds of reaction sphere) to obtain AB in an individual state

ition 141 b ht th : ¢ by shifting the equilibrium toward AB. This technique,
permanent composition [4] brought the notion of NoNy,q,yeyer, s suitable for obtaining simplest compounds
stoichiometry into challenge.

only. The synthesis of polyatomic, high-molecular,
2. CONDITION OF SYNTHESIS and supramolecular substances under equilibrium

OF POLYATOMIC CHEMICAL INDIVIDUUMS conditions gives, instead of a single compound, an
unseparable mixture of all countless components

Why is nature inhabited with gaseous and liquidconsisting of A and B, including isomers and
low-molecular individual substances, with theirhomologs. Individual polyatomic chemical com-
numerous mixtures, with a variety of solid solutions,pounds cannot be obtained by equilibrum synthesis.

A+ B = AB (1)
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However, chemical synthesis of polyatomic chemicachosen level of statistical description of a system
individuums is possible in irreversible processesunder consideration. For this reason, the te8n
namely, in such processes where, as in biosynthesigiformation is used. ... Another definition is more
formation of target products is related to productionradequate for open systemsj.e. the information of
and materialization of a certain amount of informationopen systems [8]. This definition is concretized in the
and its embodiment into the structure of the productseview. The general Shannon’s formula is transformed
[5]. Such processes, as real processes at all, procetedfind the dependence of information on control para-
far from equilibrium [6]. meters. Herewith, it is discovered that this formula
“can serve as a measure of information of open
3. PRINCIPLES OF CHEMICAL INFORMATICS systems both in the processes of temporary evolution
and at the evolution of control systems in space of
In 1948 Wiener publishedCybernetics including control parametet’s [8].
the theory of information. Later on, Shannon showed
that the amount of informatiohy contained in a text
is given by the equation

Zhdanov [9] took Shannon’s information entropy
for a measure of ordering of the chemical structure of
“polyatomic aggregatésHe introduced the notion of
the active information capacity of a molecuawhich

he defined as the sum of information entropy amounts
H; over all discrete states:

IS = —Zpllnpl (2)
|

Here P, is the probability of appearing théh symbol
in a given text (capital or small letters, punctuation
marks, and spacings). Equation (2) accounts for main

peculiarities of the text: its distinctness, queerness, Degenerate states are not taken into account. A

and eccentricity, i.e. individuality at all. This can be ..~ ~ : ; L
said about any structure containing whatever unitscr'te'rlon of information capacity, independent of the

. lecule size, is formulated as the specific informa-
letters, atoms, atomic groups, clusters, moleculai;il:)%egg;a;teper one atom: P
blocks, macromolecules, microscopic bodies, and cells. y '

Q= iZHi- Q)

Multiplying Ig by approximately 1.44, we obtain the Q, _
amount of information| expressed in bits:! = Ia = bit/atom, )
IdIn2 = 1.44 |4 bit. The larger the symbol (letter, iZAi

generally, any structural unit) number the smaller
guantity P and the larger the amount of information
| contained in a given text [7], the information beingwhereA, is the number of atoms on thth level. The
in it only. Each of approximately™est possible texts ratio of the algebraic sum of bonds with electroposi-
is a random set of same symbols with no informationtive and electronegative atoms to the total number of
The information is transmitted only in the case whercarbon atoms in a molecule indicates the average
the symbols (letters, signs) are ordered in a certaidegree of oxidation of a carbon atom in the molecule
sequence given by the program of text transmissiorgf a bioorganic compound:The specific information
letters being chosen from a two-letter alphabet as eapacity of a compound, is a generalized characte-
minimum. Just realizing a unique possibility of manyristic of structural-dynamic affluence and, with this,
others results in reproducing information. The widerof the affluence of chemical possibilities of a com-
the variety of possibilities to make a choice andpound. ...The average oxidation degree characterizes
therefore, the smaller probability of the randomthe state of atoms in a molectlf]. Herewith, junior
appearance of a given text and the more unusuaikerms of homologous series much differ from senior
unexpected, and original its structure, the largepones by smaller values of these parameters. It was
information is contained in the text, as well as thenoted that“small values ofl for nucleic bases are
fuller is the knowledge obtained at reading. Informa+elated to that they should possess a rigid structure (i.e.
tion is the more valuable the more unexpected. relatively simple structure not containing excess
information suitable for executing their function of
It is of note that, accoording to Shannon’s formulatransfer of biochemical informatigh [9].
the amount of information is determined irrespective
of its semantic content [7]. In the review [8], two
Shannon’s definitions of information are considered
of which “one actually coincides with Boltzmann’s
definition of entropy. This information, like Boltz-
mann’s entropy, is a measure of indeterminacy at & Comment of V. Aleskovskii.

Frenkel [10] used the example of the synthesis of
fibrillar proteins, fibrin and collagen, from the
globular protein albumin, to establish that the product
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of the information amount, inserted by the initial inherent information encoded with a set of neutral and
substances in the process of synthesis, and the enengglar attributes A, A-, A+), such as dimensions,
T consumed in the process is a constant quantity: ~ shape, charge, nucleophility, etc. Thus, complemen-
tary structural units are programmed to linking each
IT = const. (5) other with the probability close to unity. Therefore,
participating in thermal motion, they form a molecular
In other words, the amount of work consumed associate or a chemical compound just at the first
in the process of chemical synthesis is inverselyccidental collision. As a rule, the set of complemen-
proportional to the amount of information containedtarity attributes securing mutual recognition and
in the structural units composing the structures ofinking structural units, widens and becomes more
purposive products of the synthesis. It follows fromcomplex with increasing dimensionality and number
here that using high-molecular and supramoleculanf interacting structural units [13]. For example, the
compounds (notbricks’” but whole“precast panel3 complementarity of globular (of zero dimensionality)
containing a large amount of information, minimizesstructural units, if they are no more than three, is
the energy consumption. The rational joint of largegiven by the correspondence of these units in shape,
and small structural units is secured by the informathe size difference being of no significance. If the
tion contained. The information imparts complemennumber of units is more than three, the possibility of
tarity to those units which should joint each other tdinking of complementary structural units of smaller
make this at first collision due to thermal motion. size in their interspaces appears. There are already two
attributes in the set of complementarity attributes:

; . nfiguration and dimensions. The attributes of
related to a substance characterizes its nature arggmplementarity of chain (one-dimensional) structural
processes in which it participates, that is all to be

- : . - units are length, diameter, and the sequence of fun-
studied by chemistry. According to the dictionary [11], _.. : . : .
information is an account of the surrounding WOI‘|d££|0nal groups of various kinds, including hydrogen
|

and the processes running in it. In our case, it is meatr. %nge ;gﬁ Soet;[we?fat('irci)&rt)g}smgmglgwwﬁgllwbg;is e((::?a:
the account included in chemical structure. Therefore y ’ 9 P

information is knowledge materialized in structures,tgL'j?Q'f&ar?gs g;z etr?g:eofcaea'gnga nttri'e r?t'irgggsmlrtu%
and any structure is thi@ext’ of a communication on P yp ga Y

the nature of a corresponding object in its OWnunderstandable that preparation for synthesis of a

: olyatomic chemical individuum includes elements
language. The language of matter is known to %f architectonics, i.e. aggregating various structural
certain extent. Its alphabet and first rules are con:-

tained in the Mendeleev table. However, substance ngsa ei:g::]nl?rlﬁ;n eg?tr(ljte/ ir?fﬂ;rger%cégwsgs i[ﬁgmg'l[ig: |;c)sf
themselves use a simpler, configuration language ‘!f‘omor hic mix%ures (solid sorl)utions) of polyatomic
their interaction. All data on the substance nature an om ognds Complementarity allows the?myto ioint
programs of their interaction are written in thatg P ' P y )

It follows from the aforesaid that the information

o . o y as large number of bonds as possible and to sub-
language, beginning with recognizing complementar titute each other in the structure of supramolecular

g?rtgg,:zs(;o B)e/ br?llcj)?edcmgz a(;u;grc('ﬁggéglgi nirgsggssouates. If these are completely complementary iso-
molecules) : s_tructural compou_nd_s of the same ele_ments, they are
' linked by all their interatomic and intermolecular
It has been known for a long time that, in parallelbonds. In this case, there is perfect isomorphism. Not
with “actual chemical compounds, there are varioussimilar substances can also be sufficiently com-
molecular compounds: clathrates, molecular crystalplementary.
and molecular associates. Considering the appearance
of the latter as the process of linking complementary Shannon’s equation determines the amount of
molecules, Lehn [12] showed that the recognition ofnformation contained in a text as dependent on the
each other in this process consists in reading out tharobability of its formation from the set of symbols
information contained in these molecules. It is of notayping the text. Shannon’s probabilistic-statistical
that linking of molecules, macromolecules, and supratheory of transfer of actual information makes the
molecules, as well as of their fragments, occurs whebhasement of informatics, a science that studies the
the properties of these particles, colliding at thermalaws and ways of collecting, treating, and transferring
motion, are polar, but, at the same time, they caimformation which is taken from the knowledge ob-
serve as complementary parts of a correspondingined by studying nature. It is seen from the aforesaid
sufficiently stable compound. The complementaritythat information can be created using structure-forma-
of any structural units of matter is given by theirtion processes.
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4. STRUCTURAL ORGANIZATION OF MATTER i.e. the property of adapting to existing conditions.

Thus, matter structurization is actually the process of
Any material objects (matter, radiation) are discreten conversion of information into matter.

Their structure is organized on one of structural

hierarchy levels which is determined by the amount of If nis a big number, the multitude & structures

information contained in a given object. Matter is acan be formed frorm atoms ofm elements. If they

hierarchic multilevel dynamic system of interactingare equiprobable, the probability of formation of any

structural units constructed from lower level unitsone of the structure® = 1/N is so small that the

which, in their turn, consist of units of an even lowersynthesis of a polyatomic individuum can proceed

level, and those consist of subunits, and so on, up tonly under special conditions. As follows from the

particles of 10°3 cm in size. The substances surroundtheory of information [14], the probability of a

ing us are located on four structural levels, namelyandomized event can be heightened by obtaining a

molecular, supramolecular, prebiotic, and biologicalcorresponding amount of information, namely

Herewith, the ubiquitous solid substances are not

chemical individuums, but solid solutions whose | = logyN, bit.

formation is the most probable process. On the other

side, the synthesis of polyatomic chemical indivi- How to do this? The use of the processes of forma-

duums has an extremely low probability and istion of dissipative structures is not a means to this end,

realized only in such processes that produce suskince relatively simple structures arise in these

ficiently large amounts of information, i.e. in the processes and, therefore, a small amount of informa-

processes of structural organization of matter. tion is produced. Biosynthesis is quite another matter:

: S . this process not only gives most complex structures,
According to Prigogine’s thermodynamic theory, Bput also organisms, and, in principle, can produce

ng@%g’nSaaggegotﬁgsggtneﬁéf ggﬁdmg]rzrgur?e\?gﬂ?np nlimited amount of information. Biosynthesis is
P P nown to be programmed by genetic information

attainment of equilibrium. It is known, however, thatcontained in the chain structure of DNA. It generates
entropy production is impossible without formation 7~ .~ " h f bi hesi o ;
of a corresponding amount of information. Both in an-OPIes m_tfe course o |gsynt esiS (tralnscrllptlon 0

solaed and I an open sytem n s siafonary stdSLCT OO, 0 praen Toeces
the sum of the amounts of entrofyand information genetic information that programs self-assembling of

| is constant [7]. The value of this constant is deter: : . .
mined as follows. At an absolute ordér= 1 andS = these macromolecules. Various biologic structures are

0 and, thereforeS + | = 1. Knowing the constant to built in the course of self-assembling and further

be unity, we determinel = 1 — S Putting in this structuring.
formula S,;,, the entropy amount produced by a
system under consideration in the stationary state, w;

i =1-S,.. is means th h mount of |:_
%?f)?'rﬂ;nonl rogagegggcorﬁ:sztmg;itmirginO:ntooelrﬁzat'on gave permanent supramolecular structures,
P P carriers and translators of a small amount of informa-

gt)g][gmlc system when it has attained the statlonar%{on_ This was the first phase transition. In billions of

years, in the prebiotic soup, in the process of sorp-
Entropy is given to a medium. As for information, tion-desorption of various monomers on fine particles,
it is converted into matter as structural forms. Entropypolymeric dissipative structures including doubled
simply cannot be realized beyond matter. By materibNA chains and lipid vesicles appeared. With the
alizing, information imparts to particles of matter passage of time, vesicles captured DNA, separating
both structure and form and, with this, complemenits chains from the surrounding medium with a semi-
tarity, i.e. the property to joint only with correspond- permeable shall and changing to self-organizing
ing partners and only in a certain way, the property tesystems. The second phase transition occurred.
keep and transfer information. If, for example, a disPenetrating, together with other monomers, inside
sipative dynamic structure crumbles, the informatiorvesicles, amino acids were collected on DNA as on a
disappears, whereas the entropy increases up tonaatrix, which resulted in filling the vesicles with
maximum:S — 1, | — 0. The information is con- proteins. With time, the amount of proteins increased
served until a given structure exists. However, sinceo much that vesicles divaricated. The ability to
information and structure do not exist without eachfission made such supramolecular complexes prebiotic
other, they should be considered as a whole: structuradividuums. With the appearance of these precursors
as the body and information as tHsoul’ of matter, of organisms in nature, there began the process of

According to our tentative hypothesis, this complex
rocess is composed of two phase transitions. Crystal-
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transfer of genetic information, increasing the amountealize a synthesis, similar to biosynthesis, able to
of information and heightening creative potential. heighten the level of structural organization of matter
. ) . to a maximum, provided a corresponding program is

Not going into details, we note the following. ayaijlable. By the way, nothing hinders using, on the

Supramolecular structures adapted to external condirst stage, the structure of RNA or a similar synthetic
tions, by forming solid solutions and by polymor- gty cture.

phous transformations, and remained on the relative _ ,

low level of structural organization. At the same time, Thus, by lowering entropy production to a
precursors of life were subjected to mutation andMinimum, when a system attains the stationary state,
breeding in the process of natural selection, heighiS & consequence of the following. With the passage of
tened the level of their structural organization, andfime, matter, being under external influence, acquires
with this, the ability of adaptation to external condi-@ structure that minimized both this influence and the
tions. Further evolution was steeply accelerated du@wn resistance to it. Just this ability of matter to adapt
to spontaneous self-assembling and symbiosis appearé@dthe existence conditions by self-organization, called
since the time of unicellular organisms. The correctinformation, predetermines the evolution of maitter
ness of this, genera”y not new, hypothesis is provewherever it is. If this is so, information is nOthln.g but
by experiment. One can mention the matrix synthesi@s the property of matter to adapt to the existence
of polypeptides [3] and the chemical assembling ofonditions by structuring.

supramolecules [4], as well as the self-assembling of Ag noted in [17], the exploration of technology of
polymolecular assemblies [12], polyatomic chemicalpe apove processes of production and materialization
individuums. These processes, as established W information will transform it to the chemicalinfor-
[15-17], are chemical models of biological processegnation technology whose processes, like biological
of matrix synthesis and molecular assembling, i.e. Ofnes can be harmonically involved in the global
the processes of transcription and translation Ofcosystem, i.e. to function with no harm for the
information. Experiment showed that, using suchgpitat. At last, this will allow the mankind to realize
processes, one can obtain any complex polyatomie age-long dreaniTo live in accordance with the
structures and, therefore, unlimited amount ohatyre of things, not to deviate from it, to obey its
information. laws, to take a pattern by ”it(Seneca).

Chemical assembling is performed by multiply
alternating, according to a certain program, irrever-
sible chemisorptions, on a solid surface, of atoms A
of reagent 1 and of atoms B of reagent 2, that form a_| @M deeply grateful to all my dear colleagues, the
chemical bond with each other. The surface ared'€Mbers of the scientific school on highly organized
playing the role of a matrix is constant. The synthesigubstances, for fruitful collaboration.
program gives thermodynamic and hydrodynamic This investigation was financially supported by the
parameters of a given process, the sequence of altelRussian Foundation for Basic Research (project
tion of monolayers of different composition, the no. 00-15-97356).
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