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Abstract—General principles established by the authors on the structure formation in chemical substances
which are based on series of ideas and concepts of V.B. Aleskovskii are presented in this review. Main
pathways of the formation of the structure of a substance (iteration, dissymmetrization, modularization,
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information. New qualitative approach to the understanding of the information phenomenon is advanced.
Information is considered as an inherent parameter of a system appearing in the course of the description of the
“choice” by the system of one of its possible structural states.
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In the works of V.B. Aleskovskii by an example of
programmed synthesis of highly organized supra-
molecular structures the key problems of structural
organization of substance were stated. Their solvation
nowadays determines mnot only the Ilevel of
development of nanotechnologies, but also some areas
of chemistry, physics, biology, and material sciences
[1-11]. In the nineteen sixties on the basis of the
“skeleton hypothesis” [2, 3] V.B. Aleskovskii has
developed a series of methods of synthesis of solid
substances and materials, namely, the methods of
“chemical assembly” [9, 10]. One of them is the
method of molecular layering. Its main principles were
formulated in [9, 10]. In the subsequent years on the
basis of this method technologies were developed for
obtaining  monolayers, polylayers,  multizonic
heterostructures, etc. [12—17].

The ideas of V.B. Aleskovskii concerning structural
units of solid substance (fragments, building blocks,
modules) [1], about the information as the factor of
organization and self organization of substance [7, 8],
about quantum synthesis [11], and some others
occurred to be actual.

In this work a brief review is presented of some
ideas developed regarding our the scientific program
of designing new materials [18]. This program is
aimed at the investigation of general principles of
structure formation in substances. It is connected with
a series of ideas and conceptions of V.B. Aleskovskii.

“Metamorphity” — Amorphity — Structurality”
of Substance

Let us give initial working definitions of main
concepts. Structure is the assembly of relatively stable
bonds between the elements of system providing its
entirety. The notion of “structure” is opposite to the
metamorphy' concept which means a complete
absence of bonds between the elements of the set, the
peculiar “ideal gas” of the components [19].

' Physicists use the “metamorphy” concept for describing infinite
set of elements as well as the pair to the notion “structure” (see
p- 24 in [19]). “Amorphous substance” means the intermediate
structural state of substance where comparatively stable bonds
between the atoms within the boundaries of several coordination
spheres adjacent to the chosen atom are formed.
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Intermediate  between the structureless and
structurized formations are amorphous substances
(artificial and volcanic glasses, natural and artificial
resins, glues, carbon, paraffin, wax, etc.) whose atomic
structure possesses a near order and is deprived of
remote order characteristic of crystalline structures.

The notion of “structurality of substance” has a
broad scope. This “broadness” has two “coordinates”
determining the variety of structural states of the
substance. They include the type of structure forming
component (spin, orbital, magnetic moment, ellipsoid
of thermal vibrations of atom, atomic group, atomic
associate or cluster, atomic layer, domain, crystallite,
grain, and many others) forming the multilevel
hierarchic structure and the degree of structurality.
Last notion reflects the degree of bonding of com-
ponents of the system in a single whole. Qualitatively
it is described by such terms as “gas,” 1D-, 2D-, 3D-
“crystal” “distribution of composition and bonding of
components along different directions in the space,”
etc.

In the course of several last decades new structural
states of chemical substances were found and studied.
They are as follows:

atomic (quasicrystals, fractal structures, unusual
chiral suprastructures in MgTi,O, [20-22], various
multiple types of “common’ and exotic nanostructures:
keplerates [23-25], barrels, toroids, hakelites, di-
amondoids, supernanotubulenes, nanofoams, fulbo-
renites, and so on [26], supramolecular systems like as
clatrates, crown ethers, metal porphyrines, structures
without bonds, etc. [27]);

orbital (various orbitally ordered states, the so-
called orbitones, for example, orbital octamers in
Culr,S, [28], orbital dimers in MgTi,04[20, 21]);

magnetic (unusual magnetic states of substance in
strong magnetic fields [29-31]);

electronic (for example, the systems with heavy
fermion behavior like in LiV,0, [32], states of
quantum spin liquid in a series of chalcogenides with
the structure of spinel, like in HgCr,O4 [33]).

Polarized glasses, photon crystals, magnetized
amorphous metals, the so-called Ridberg substance
[34] were found and investigated. Extreme states of
substance and many other ones are under study.
Structural states of substance differing not in the
symmetry, but in the topological order (structural
states characterized by equal symmetry of location of
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particles in space, but having different picture of
quantum bonds between them, another picture of
entanglement of bonds® [35]).

But it is significant to note that in all the above-
mentioned structural states of substance the order in
the location of the structural units (spins, orbitals,
magnetic moments, atoms and atomic groups, etc.)
appears  spontaneously. In the works of
V.B. Aleskovskii, his disciples and followers the set of
types of structural states of substance was funda-
mentally extended by including systems where the
order was organized in chemical system artificially.
That is why nowadays the problems of systematization
and classification of structural states of matter with the
spontaneously established and artificially organized
order, the search for the common language of
description, and establishing universal principles of
structure formation in chemical, biochemical, and
biogeochemical substances on nano-, micro-, macro-,
and even megalevels® of the matter organization have
risen in full length.

Main Pathways of Formation of Structurality
of Chemical Substance

At least four main elementary pathways exist for
transformation of infinite set of elements into a
structure. They are as follows: hierarchization, dissym-
metrization, modularization, and iteration. They are
elementary because the real processes of structure
formation may be the combination of several of the
above-mentioned basic processes.

Iteration is the law (procedure) of multiplication of
local structure in nD-space (n = 1, 2, 3) leading to the
formation of nano-, mezo- (micro), and macroscopic
structurized objects. The iteration assumes the
multiplication of the object with its simultaneous
alteration according to a definite rule. As a partial case,
the iteration includes translation (transfer) of atoms,
structure fragments, and other formations without their
alteration. The generalization of iteration in our
conception is the notion of the evolutional law of
formation of the structure of substance.

2 Tt is an official term which appeared in the 1930, but up to
1980 it has not been widespread.

3 Different structural states of matter like exotic for chemical
studies states of quark-gluon plasma or the neutron core on the
surface of extinguished stars are known.
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Fig. 1. Simplest examples of diagrams of possible symmetry states of crystals with the spinel structure. On these diagrams around
the singular multicritical point cascades of possible low-symmetry phases are grouped. They may form as a result of structural
transformations from the high symmetry structural state [36, 40, 41]. For (a)—(c) see the text.

Dissymmetrization, the decrease in symmetry,
takes place during the formation of new bonds between
the elements of the set. The formation of more
complex structures from the simple ones is
accompanied by the decrease in symmetry of the object
[36]. This fundamental law is traced in all structural
levels of development of matter [37].

The set of dissymmetric (low symmetric) states of
substance may be ordered. We have offered a concept
of diagrams of possible symmetry states of crystals
[35]. These diagrams are the generalized maps of
possible symmetry-structural and critical states of
substance which appear from some starting state as a
result of continuous and quasicontinuous changes in its
symmetry and structure. Having such diagrams a
chemist acquires the possibility to mark principle
pathway of synthesis of a substance with the necessary
combination of properties, and to establish the most
probable phases in the course of the synthesis of the
material. It is important to note that diagrams of
possible symmetry states of crystals do not substitute
classic phase diagrams. They reflect only possible
symmetry-structure states of substance, while phase
diagrams reflect real phase states (each of them is
characterized by a definite symmetry and structure) at
definite external parameters. Only in particular cases
these two types of diagrams coincide. Various
examples of diagrams of possible states and their use
in designing new materials were discussed in [38—41].

In Fig.1 simplest examples of diagrams of possible
states of crystals with the spinel structure (space group
Fd3m) are presented. These diagrams reflect possible
symmetry states and their mutual transformations in
CdInZS4 (Flg la), NiFez(l,x)Cr2xO4, and Cul,xNixCI'204
(Fig. 1b), Li,CoCly (Fig. 1c). Coordinates of these
diagrams are scalar intense parameters (temperature,

pressure, concentration of components of solid solu-
tion). Diagrams are classified by the irreducible presenta-
tions of symmetry groups of the starting phase.
Blackened parts of diagrams correspond to the first
order structural transformations, and lines, to the second
order ones. For each area diagram of possible sym-
metry states of crystal expected structures of sub-
stances can be calculated (for examples see [36, 40—42]).

Such diagrams may be plotted for any substance
(crystals, quasicrystals, amorphous formations, mole-
cular associates, supramolecular formations, nano-
structures, etc.) if the symmetry group of the starting
structure is known.

Ordered structures appear as a result of distortion of
symmetry of the initial state. Such distortion is
possible in strongly non-equilibrium media (hydro-
dynamic flows, autocatalytic reactions, etc.) as well as
in systems existing in thermodynamic equilibrium.
Though ordering is one of the mechanisms of
dissymmetrization of structure of substance, this
process must be marked specially because of its
principal meaning in the systems of artificial order.
Within the frames of Landau-Lifshitz theory of the
second order phase transitions we have formulated the
general principles of formation of low-symmetric
(dissymmetric) ordered phases. They are the following.

Principle of finit number of low-symmetry phases
(total number of low-symmetry phases induced by
irreversible presentations of symmetry group of the
space group Gy is finit).

Principle of phase variety (decrease in symmetry of
starting high-symmetry phase (Gy) leads to decrease in
number of dissymmetric phases (Gp) which may
appear from it as a result of monotonous and so-called
quasimonotonous phase transitions).
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Principle of finit number of types of structure of
ordered phases [at the endless increase in number of
components of thermodynamic system number of
possible types of structures of ordered phases
(chemical substances) which may form as a result of
monotonous and quasimonotonous phase transitions
remains finit].

Principle of structural complexity (if the substance
undergoes monotonous and quasimonotonous struc-
tural transformations, modification with lower
symmetry as a rule has more complex structure, and
modification with a higher symmetry, simpler structure).

Compensational principle (low symmetry structure
“tries” to compensate the decrease in symmetry. The
structure is divided in several subsystems with
opposite character of deformations and specific
features of structure).

Generalyzed Fedorov-Grot law (substance with
lower symmetry forming as a result of monotonous or
quasimonotonous structural transformation order-
disorder has more complex composition, and with a
higher symmetry, the simpler one).

Examples, explanations, limits of application of the
above-presented principles and references are com-
piled in [36].

Process of ordering may proceed as spontaneous
natural process of self-organization of structural units
of substance leading to its equilibrium state* [43-45].

Ordered structures may appear also in the
compulsory process (in the process governed by an
external action) of organization of artificial order (for
more detailed discussion of these problems see reviews
[15-17]). As a rule such structures are far from
equilibrium state. The existence of a large number of
such structures being in metastabile states including
highly organized ones may be expected. In particular,
the ordered distribution of one or several components
of definite size in a matrix of another substance, the
so-called “superordering” in solid body [16, 17] is

* The notion “ordered structure” in the first approximation may be
defined as a state of structure which does not alter in time. This
stability is not provided by proceeding of any process
external to the structure and supporting its existence. In this case
it turned out that the number of ordered phases permitted by
theory is finit and relatively not large. All of them can be
enumereted, and their structures calculated (methods of
calculation and examples are described in [42—45]).

TALANOV, IVANOV

possible. As a result of such template synthesis
spatially separated artificially ordered chemical sys-
tems are formed. By the works of V.B. Aleskovskii,
A.A. Malygin, V.M. Smirnov, and some other
scientists, principally new field of chemistry including
chemical systems of “artificial order” was created, and
scientific principles of constructing solid nano-
structurized substances and materials were developed.
General symmetry principles of structural organization
of artificial order are unknown up to now.

Modularization. Many structures of substances
can be presented as compositions of several
constructing modules (fragments, building units or
structural blocks), differing by their combinations,
distribution, and junction. Modules are the universal
way of self organization of all known forms of solid
bodies like crystals, amorphous bodies, quasicrystals,
fractals, molecular biosystems, nanostructures, and so
on. This notion really bounds various fields of science:
physics, chemistry, biology, material sciences, etc.

As a unique example of module organization of
substance double spirals in the structures of spinel
(a, b, e) and quartz (c, d, e) is shown in the Fig. 2. In
the spinel structure spirals are formed by tetrahedrons
and hexahedrons (cubes), and in the quartz structure,
by silicon-oxygen tetrahedrons. It is interesting that
these spirals are topologically similar to the double
spiral of deoxyribonucleic acid (DNA) [46—48]. Two
chains of inorganic double spirals are complementary,
namely, an unambiguous correspondence exists
between the atoms of different spirals. But in contrast
to the double spiral of DNA these double spirals are
not “molecules.” They are characterized by complex
endless hooking of one spiral by another one (Figs. 2e,
2f).

The description of structures by means of modules
proved to be an effective way of systematization of
structure of different classes of substances. Classic
example is the combination of silicon tetrahedrons in
construction of modules of different kinds (blocks,
rings, chains, layers, etc.) which permitted to develop
the basis of classification of silicates. V.B. Aleskovskii
proved to be right: crystalline lattice has the conven-
tional (nominal) meaning. Fundamental characteristic
of crystals is the framework, the system of interatomic
bonds within which the fragment can be chosen and
the design of new structures of substances may be
performed. For the case of crystals this possibility was
proved in [49-54]. Let us consider this statement in
more detail.
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Fig. 2. Modular structure of double polyhedral spirals in the structures of spinel and quartz. (a, b) Double spiral in the structures of
spinels; (c, d) double spiral in the structure of quartz, and (e, f) endless character of hooking of polyhedron spirals [46, 48].

The principle of modular constitution of crystals
was formulated in [49]. The structure of any substance
can be built up from modules with definite topological
characteristics permitting to obtain some definite set of
modular structures connected genetically with one
another. They differ from initial structure by positional
and orientational ordering of modules in the 3D space.

We have offered an algorithm of deducing a
module of the given structural type for combinatorial
molecular design of new substances [50]. The algo-

rithm includes the procedures of evaluation of modular
characteristics of the structural type by its
crystallographic description, the identification of
universal law of packing of modules in probable
modular structures, the analysis of versions of
purposeful changing the crystal chemical topology of
basic modules, and the selection of the most probable
kind of non-isolated and sufficiently compact
asymmetric module. This algorithm of deducing the
module may be used in the course of combinatorial
modular design of any structural type of substance

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 83 No. 12 2013
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Fig. 3. Schematic image and symmetry of modular structures I-V of one-dimensional spineloids from (a) non-isolated and

(b) isolated modules of spinel [S5].

whose symmetry is described by Fedorov groups with
the purpose of obtaining of variety of structures related
to the given one with simpler physical and
physicochemical properties. Using the library of
modules (building blocks) from known compounds
purposeful synthesis of polyfunctional material finally
becomes probable. By an example of structural type of
spinel the possibilities of modular design while
obtaining new structures of substances were shown
[55-60]. For the illustration of principle of modular
structure of substance in Fig. 3 molecular structures of
possible constructed one-dimensional spineloids are
presented [55].

Hierarchization. Structural variety of chemical
substances is hierarchized by many characteristic like
spatial, time, energy, and some others. The principle of
structural hierarchization means that structures of one
type are modules, “building blocks,” from which the
structures of second level are formed. They have
significantly larger spatial dimensions. The structures

of second level in their turn join in the structures of
third level, and so on. But this process cannot be
endless. Main sense of structural hierarchy is the
constituent nature of more complex formations as
compared to the complexity of modules from which
the above-located level is formed. It leads to the fact
that modules while forming the structure provide it
with some part of their functions, the degrees of
freedom. Under these conditions many properties of
complex structures cannot be reduced to the properties
of modules. On the basis of analysis of structure of
aerogels, dendrites, highly disperse dendrite particles
(dendrimers) and many other fractal chemical objects
the following principles can be formulated.

Principle of hierarchy of modules of molecular
structures. The modular structure of substance may be
presented as a set of definite modular structures whose
modules belong to different levels of structural
hierarchy. According to this principle the method of
iterational modular design of 2D-nanostructures and
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Fig. 4. Dynamics of growth of tetragonal R yin-structures differing in number of tetragons-“links” (m = 0, 1, 2) and the way of
branching of “nuclei” tetragons by means of the sides with i, = 4 (a) [61]. Deterministic fractal lattices with 4mm symmetry
obtained by means of one step of iterational building and from the corresponding generator: Laguy4e,16 (b), Loogayae,16 (¢) [64],
34334-[4(2)] net and corresponding ordered sets of tightly packed Koch snow flakes Fxus3){4}(p4mm) and lacunar multifractals

MFkus3)2{3}(p2mm) adding them to 2D space (d) [65].

fractal structures in 2D-space was developed [61-64].
Examples of iterational design are presented in the
Figs. 4a—4c.

Principle of modular structure of regular fractal
structures. Any regular fractal structure may be
presented from similar minimal modules whose
structure and form contains structural information
about this fractal structure as well as about any of its
prefractals. Such modules carry out the function of
generator G = F; of modular fractal structure and in
particular, of any prefractal of nth generation: F,(F)),
where 7 is the number of iterations.

Principle of hierarchy of modules of regular fractal
structures. Self-similar (regular) fractal structure may
be presented as modular from any of its prefractals. In
particular, modular structure of each prefractal F, of nth
generation may be presented by modules-prefractals of
preceding generations: F,(F, {F,2[F,3...(F))...]1}).
Modules by themselves are classified by complexity in

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 83

hierarchic sequence F, c F, |, c F,», c F,3 c ...
(e F].

The sets of fractal structures ordered in 2D-space
may be simultaneously regarded as the packages of
fractals in a shape of definite Koch snowflakes
Fk(4/3){Pg}(G%) as well as ordered sets of lacunar
multifractals MFg4/3){3}(p3ml) or MFk4/3)2{3}(p2mm)
(Fig. 4d).

The above-formulated principles make a basis of
evolutional model of formation of deterministic fractal
structures with a fraction scale and ordered in 2D
space multisets of locked fractal curves modeling the
formation of real quasifractal structures on the surface
of compositional materials [65—74].

Structure of Substance as One of Sources
of the Origin of Information

A substance is characterized by three main groups
of parameters, the composition (atomic and isotopic),

No. 12 2013
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structure, and properties. All these tree groups of
parameters determine the information contained in the
substance. One of the approaches to evaluation of the
amount of information consists in presenting the
structure of substance as the “text of the report.”

Classical (Shannon’s) theory of information defines
it as a measure of uncertainty of situation in the state
of “choice.” The less is the probability of the formation
of any structure, the larger information carries the
report on its formation [75, 76]. For the direct use of
Shannon’s theory in quantitative calculations it is
necessary to present any structure as a report (a word
or a text).

Shannon put into operation the information entropy
as a measure of uncertainty of the information. Let us
consider the experiment having the results A, A,,...
Ay, and p(A), p(Az),...p(A,), the possibilities of
separate results of the experiments. According to
Shannon to each result of the experiment A; the
uncertainty equal to —log, p(A;) must be ascribed. For
all the possible results value H as a measure of
uncertainty is introduced.

H:*ZPilgzpi

Let us use this formula for example to the
calculation of uncertainty contained in the formula of
any substance (formula of a substance is just the “text
of the report”). Hence, the information entropy of
formular unit of sulfuric acid consisting of seven atoms
is equal to H = —(2/7)log, (2/7) — (1/7)log, (1/7) —
(4/T)log, (4/7) = 1.379. The same information entropy
would have any substance of the composition A,BX,,
for example K,SeO,4. According to Shannon’s formula
the amount of information is determined irrespectively
of its sense, in particular, of the peculiarity of the
structure of the substance. As it was many times
mentioned in literature, the sense of information and
its value are ignored.

The absolute value of information containing in the
substance is unknown, but for thermodynamic studies
of chemical effects it is necessary to know the change
in the information at the transition from one state to
another. In chemistry the language recording the
composition of the structure of substance is partially
known. It includes the laws of D.I. Mendeleev,
E.S. Fedorov, stereochemistry, and crystal chemistry.
But substances by themselves in the course of
interaction wuse more simple “configurational”
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language including the problems of their binding
(complementarity programs) in larger aggregates.
Complementarity of structural units of substance is
coded by information contained in them (charge,
polarity, size, nucleophilicity, etc.) Not all the pro-
cesses of structure formation lead to creating new
information. Simple translation of a unit cell leads to
the formation of a crystal, but it does not lead to
appearing of new information about the system. It is
significant that the growth of crystals is a discrete
process and proceeds practically according to one
pathway (the possibility of strictly definite growth of
structure in the configurational space of the system of
interacting atoms is close to one).

Non-crystalline substances and nanostructures
differ from the above-presented case. Here the
aggregation of structural units proceeds according to
programs [24, 77]. By an example of nanoobjects and
ideal crystals the sources of origin of structural
information are systematized and generalized.

Space geometry. In the case of nanoobjects the
structure of different classes of substances is described
by the Euclidean geometry and non-Euclidean geo-
metries, and also fractal geometry, while in the case of
crystals only by the Euclidean geometry. Some struc-
tures can be considered as bent Euclidean structures.
Unusual non-Euclidean structures with spiral lattices
have such minerals as halloysite, cylindrite, antigorite,
clinochrysolite, asbestos. Structure of these inorganic
compounds is based on the Archimedean spirals.
Atoms are located analogously to the seeds in the head
of a sunflower. Each spiral has a shape of a cylinder.
Joint cylinders form the fibrous structure of total
substance.

Geometry of fullerenes, nanotubes, schwazites,
onions, and many other objects of nanoworld is non-
Euclidean.

Aerogels, dendrites, fractal clusters, highly disperse
dendrite species (dendrimers), friable particles formed
while aggregation of colloids or gel formation, sphero-
lite particles in polymers have fractal geometry.

Structurality of space. In the case of crystals there
exist the equivalent spatial cells, and in the case of
nanoobjects, the quasiequivalent spatial cells (among
them the homologic and self-similar cells). In the
crystals with OD-structures the structurality of
Euclidean space may be caused by the existence of the
“framework” of structure determining the set of
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substructures compatible with it. The structurality of
space for fractal structures is determined by self-
similarity of their structural elements on different
hierarchic levels.

Symmetry of structure. Crystals are described by
Fedorov symmetry. Structures of nanoobjects in
general case are described by non-Fedorov symmetry.
Accurate or approximated symmetry operations
forbidden in 230 space groups are possible.

A. MacKay has offered a term “crystalloid” and
determined it as follows: It is a configuration of a finit
number of identical subunits, gathered in an
unambiguous, regular, and reproducible way into a
cluster which is not a crystallite, but corresponds to the
real minimum point of free energy [77]. The structure
of crystalloids may be described by operations of
curvilinear and homologic symmetry, symmetry of

similarity, and other generalizations of classic
crystallographic symmetry.
The symmetry of nematic liquid crystals is

described by the symmetry of rods, of smectic crystals,
by layers and parquets, and of cholesteric ones, by the
symmetry of a rotating cone.

Number and peculiarities of symmetry elements.
Spatial symmetry of crystals is characterized by
endless number of elements. Spatial symmetry of some
nanoobjects is characterized by finit number of
elements.

In crystals only the symmetry axes corresponding
to rotations by 180°, 120°, 90°, and 60° are possible. In
nanoobjects axes of fifth, seventh, eighth, tenth,
twelfth, and other integer orders are possible which are
forbidden in crystals, as well as the axes of fractional
order. Nanostructures with non-integer symmetry axes
are possible [78-83]. As an example of axis of non-
integer order is the axis 30/11 which describes the
Berdiyke-Cockseter spiral composed from ideal
tetrahedrons [84].

Structural equivalence of atoms. In crystals atoms
of the same chemical elements occupying definite
regular system of points are equivalent. For nano-
objects quasiequivalence is characteristic which
includes the homology and similarity of structureal
elements.

The structural equivalence of atoms is observed in
3D-structures, 1D-, and 2D-nanostrucrures whose
symmetry is described by the groups G3, G}, and G3
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respectively. For them the absolute identity of the
nearest surrounding of the chosen structural element is
characteristic.

In some nanostructures (onions, fractal structures)
the nearest surrounding of chosen structural element is
characterized by quasi-identity, in particular, reflected
in deformations of nearest surrounding.

Process of formation and uniformity of sub-
stance. The discrete growth by a single pathway in
configurational space is characteristic for crystals and
in the ideal crystal an absolute structural homogeneity
is observed. In the case of nanoobjects the aggregation
including other components and growth along the
branching pathways are possible. For them structural
heterogeneity and coherent conjugation boundaries
between different parts of the whole are characteristic.

The structurally inhomogenic ZrO, nanoparticles
have been for found the first time [78—80] consisting
of interpenetrating fragments of phases of different
symmetry. It is significant that the orientational
relationships between the phases occurred to be
“incompatible” from the point of view of classic
crystallography: the boundary of separation is not
necessary planar, the orientation relationships do not
necessary correspond to Miller indexes, etc. These
nanostructures with coherent boundaries were called
centaurs.

Information in non-living systems arises when there
is a choice among the multiple of possibilities of
formation of structure of the substance. The structure
registers information and plays the role of “memory of
pathway” of the formation of the chemical substance.

This general statement corresponds also to living
systems. Within the frames of statistical mechanics and
thermodynamics it is impossible to distinguish living
organisms from the non-living bodies. The appearance
of a living substance is connected with mechanical,
electric, thermal, and chemical processes, but neither
one of these types of processes nor their assembly can
describe the informational process. In particular, the
organisms are informational systems. They obtain the
hereditary information from their ancestors and live in
order to transfer it to descendants. With such approach
all the other mechanical, physical, and chemical
processes may be considered auxiliary. They favor
(provide the conditions) of fulfillment of the
informational functions by the organism. The genetic
code in the DNA molecule characterizes the sequence
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of “letters” meaning the type of location of nucleotide
pairs against one another. The name “informers” was
suggested for the compounds performing the function
of information transfer [85].

Hence, informers in general are such chemical
structures both of non-living and living matter whose
formation corresponds to the choice of one among the
versions for the formation from the initial state. That is
why in the obtained structure the information is hidden
and its “reading” means the establishing of evolutional
pathway of the structure formation.

Let as clarify how this approach can be formalized.
The equilibrium state of a uniform one-component
structure is determined by two independent thermo-
dynamic parameters, for example, its pressure p and
temperature 7 (another versions like volume V and 7,
or V and entropy S also may be used).

But besides these parameters describing the state of
a body under the given external conditions the internal
parameter (parameters) & characterizing the structural
peculiarities of the system can be introduced. By its
sense & is a parameter of order characterizing the
difference of symmetry-structural characteristics of
various states of the substance. In general & is a
multicomponent parameter, that is § = {&§;, &, ... &}
having either scalar or vector or tensor nature. It is the
extensive parameter of system analogous to the
entropy, volume, or mass of components. The internal
structural parameters of the system &, &, ... &, may
have quite different structural sources of origin, like
the probabilities of occupation by atoms of different
sublattices of crystals, the probability of appearance of
a layer of a definite composition in heterostructure, the
probability of orientation of a molecular group, or spin,
or atomic orbital, the shift of atoms from the positions
of equilibrium structure while the formation of its new
modification, etc.

The internal parameter & is included in the
expression of differentials of thermodynamic poten-
tials, internal energy U, free energy F, Gibbs energy G
as the additional member [86-92]. For example,
differential of internal energy may be written as

dU = TdS — pdV + y,d&,.
Intense parameters y; (i = 1,2...n) meaning the

external effects (“forces”) on the substance y; = (U/E)sy
are conjugated with structural parameters &;.

The information we regard as an internal parameter
of system & = {&;, ...§,}. Specific external actions
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conjugated with information y; we define as the
program governing action on the substance (program).

The multiplication of parameters &y has the
dimensionality of work (if the coefficient reflecting the
specificity of introduction of & parameter in the
thermodynamic potential would be considered). &-
Parameter may be introduced as the dimensional as
well as the dimensionless value. Its physical sense
means the work of formation of structural organization
of the substance. Specific external actions (sequence of
definite operations with the substance) y; provide the
formation of structural organization of the substance.
The sequence 1, Yy, ... y; is the program of the forma-
tion of the structure of substance. The program works
when chemical system is in non-equilibrium conditions,
because in the equilibrium state y; (i =1, 2, ... n) = 0.

From the above approach it follows that the
information cannot appear without energy expenditure,
but it is insufficient for the appearance of the
information. The ordered (described by &) spatial
distribution of matter located according to definite
rules (according to the programs given by the sequence
of ;) is also necessary. This ordered spatial distribu-
tion of matter is the new structure determined by
internal parameters &;. The comprehensive develop-
ment of the described concept of information will be
carried out in future.

Hence, in this work a brief review of our reports
dealing with general principles of structure formation
and the origin of information on chemical organization
of substance is presented. The obtained results develop
the ideas of V.B. Aleskovskii on the modular structure
of substance, and on the interconnection of structure
and information as a factor of organization and self
organization of matter.

We express our gratitude to A.A. Malkov who
acquainted us with some difficultly available works of
V.B. Aleskovstii and to A.A. Malygin for valuable
notes on the content of this article.
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