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ABSTRACT

Information Theory is used as a basis for the introduc-
tion of new quantitative characteristics of atoms and molecu-
les. In the case of the atoms of chemical elements this is
performed according to the distribution of electrons of the
electron shell over different subsets, determined by the va-
lues of quantum numbers., The nuclon distribution 4in the
atomic nucleus according to their physical nature, spin and
energy states, is separately considered, Two different ap-
proaches are applied to molecular species. Information indi-
ces are introduced for the daistribution of atoms in the mo-
lecule according to their chemical nature, symmetry and to-
pology. Other indices, characterizing +the distribution of
electron and atomic nuclei in the molecule, are independent-
ly introduced. The information quantities +thus defined re-
flect fairly the structural features, and correlate with the
basic properties of atoms and molccules.

INTRODUCTION

The notion of information appears as one of the most
fundamental notions in the science of 20-th century, a no-
tion of no less importance than that of matter and energy.
This assertion follows from the very definition of informa-
tion. #ccording to Norbert Wiener' "information is neither
matter, nor energy". Ashby2 treats information as "a measure
of the variety in a given system", Following Glushkov3 "ine

formation is a measure of the = enei a =
tion of matter or energy in space and time. On this basis

it becomes more and more evident that besides their substan-
tial and energetic essence, the objects ana phenomena in na-
ture and technics also have an information character, More-
over, the centre of scientifiec research is expected by some
prognoses to move towards the information nature of the pro=-
cesses as the major field of study in 21-th century. These
prognoses are essentially based on the possibility of systems
and processes to be controlled by information, which is the
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major function of information in cybernetics. As a perspecti
ve these ideas could lead to a technology in which every atom
or molecule is controlled by information, a possibility that

is realized in living naturae,.

The year 1948 is usually considered as the birth date
of Information Theory, since this was the year in which
Claude Shannon published his fundamental work4. The concept
of information as a quantity related to entropy is however
much older. In 1894 Boltzmann5 stated that every piece of
information obtained for a physical system is related to the
decrease in the number of its possible states, therefore the
increase of entropy means "loss of information". in 1929
Szillard6 developed this idea for the general case of infor-
mation in physics. Later, Brillouin’*® generalised the con-
cept of entropy and information in his negentropy primnciple
of information. The possible interplay between Information
Theory and Thermodynamics and in particular between entropy
and 1nforma£ion, is a subject of a permanent interest, (A se-
lected bibliography in thies field 1s given in reference 9),
From the latest development of the problem one should espe-
cially mention the works of Kobozev10 on thermodynamics of
thinking, in which the concept of the anti-entropy character
of thinking processes is developed.

Arising as "a special theory of communications", Infor-
mation Theory soon exceeded its initial limits and found ap-
plication in a number of scientific and technical areas: phy-
sics, chemistry, blology, medicine, linguistics, psychology,
aesthetics et al. The role of information was recognized
first in biology. Some important problems of conservation,
processing and transmission of informatiom in living beings
were sclved, such as coding of genetic information 11’12’13,
estimation of the possibility of spontaneous selfgeneration
of 1ife on Earth14, formulation of the fundamental laws of
biological thermodynamica15, analysis of the problems of
biaenergetics16 etc, the information content of systems was
used as a quantitative criterion of evolntion17'18. The in-
formation character of food-consuming processes was pointed
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out to be dominating over their substantial and energetic
one19’20. Works on the information theory of disease diagno=-
stics and therapyare in progress.

Information Theory is still of limited application in
chemistry but the interest in this field is permanently grow=-
ing. Levine, Bernstein et a1, 2 1~24 developed an information=-
theoretic approach to molecular dynamics which describes the
behaviour of interacting molecular systems far from equi-
librium, in vibratiocnally «nd rotationally excited states.

4 quantitative measure of the information content, or entro-
py deficiency, of different classes of experiments is intro-
duced, e.g. molecular beam scattering, IR chemiluminescence
etc. This approach found various applications including the
determination of branching ratios for alternative reaction
paths, the study of the operational characteristics of la-
sers, etc. Daudel et 31.27'30 made use of the minimization
of the information function upon partitioning of the space
in molecular systems into a number of mutually exclusive
spaces called loges, which contain localized groups of elec-
trons, The sensitivity and catalytic activity of catalysts
were connected with their information content by xobozev et
31.31'34, who also formulated the optimum information condi-
tions for characterization and prediction of catalyst pro-
perties. An information analysis was made of the surface
treatment with different chemical reagentsBS. The formation
and growth of crystals was treated as an information process
56'37. This approach has a large application to geochemistry
for the characterization of frequency distributions3a'59,
the determination of complexity4U and the general clasgifi=-
cations of geochemical systems41, etc, Information Theory
was also applied to analytical chemistry for minimization

of errors and analytical time, achievement of higher selec=-
tivity, estimation of the efficiency of analytical methods,
etc.42-47. Gas chromatographic48’49,atomic emission spectral
analysisSQ and other analytical methods was handled in this
way. The possibility of predicting the orientation in elec-
trophylic atomatic substitutions was studied51 on the basis
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of the comparison between information indices calculated
from charge densities and the o, m, and p-topological orien-~
tation probabilities,

SOME REMARKS ON THE THEORETIC-INFORMATION
APPROACH, THE CONCEPT OF STRUCTURAL ANFURMATION

Information Theory offers quantitative methods for the
study of receiving, conservation, processing, transmission
and practical use of information, The quantitative measure-
ment of information takes an important place in the informa-
tion approach, The definition of the guantity of information
requires a full rejection of the widespread but obscure ideas
of information as the amount of facts, data, knowledge.

In the Shannon statistical information theory4'7’52'5S
the quantity of information is defined by means of the idea
of probability. The probabilistic methods are of use in sitw
ations in which exists some uncertainty, about the choice of
one or more elements from a certain set of them. The degree
of uncertainty of a given outcome i is expressed by its en=-
tropy Hi as a function of the probability Pi of this result:

Hy = - log py (1)

When the result is completely determined (p; = 1), the
entropy equals gero, whilat in the case of full uncertainty
(Pi = 0) it is an infinite quantity (Indeed, Py 0, and
Z pi = 1)0

Another equation however is the principal one in the
Shannon theory, that in which the meap entropy H(P) of the
probability distribution P = (p1, Pppesey PBy) of all the pos-
8ible outcomes (k in number) in a given situation i1s defined:

H(P) - '; Pi 1032 Pi ‘2)

Here the logarithm at basis two is taken for measuring
the entropy in bits (binary digits).
une should bear in mind that the notion of entropy as
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used in Information Theory, is more general than thermodyna=-
mis entropy. Viewed as a measure of the disorder in atomic
and molecular motions, the thermodynamic entropy is a speci-
fic cagse of the general notion of entropy as a measure of
any kind of disorder, or uncertainty, or uniformity.

Mostly, equation (2) is of use in the description of
an experiment in which a given random variable takes k dif-
ferent values having probabilities Pir Pps seey Dye The quan=-
tity of information I is defined as the difference in the en-
tropy values before and after the experiment:

I=H() - H(P,) (3.

Thus, in the statistical information theory of Shannon,
information is measured by means of the reduced uncertainty.
When in an experiment the uncertainty is completely eliminae-
ted, the quantity af informationkequals the initial entropy:

Toox = B(R ) = - ; py log, py (4).

If all P outcomes of the experiment are equiprobable,
then P
H(P) = log, P ; I = log, Pf (5),

where Po and P1 denote the number of outcomes before and af-
ter the experiment. Again, in the case of a completely elimi~-
nated uncertainty (P1 = 1}, the information obtained is a
maximum one, and is equal to the initial entropy:

I.x = log, B, = H(P ) (41).

Nonprobabilistic approaches to the quantitative defini-
tion of information are also possible, Ingarden and Urbanik
56,57 suggested such an axiomatic definition of Shannon's
concept of information as a function of finite boolean rings.
'he Bo-called "epsilon-entropy" (an essentially combinatori-
al quantity), and especially Mﬂt&h&iﬁzsmﬁuum
formation, both introduced by kLolmogorov 28~ U, are of consi~
derable interest. .Ln the second case, the quantity of infor-
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mation is defined as a program of minimal length, allowing
an one-to-one transformation of an object (set) into another
one. The greater the difference between two objects, the lar-
ger the length of the program, and therefore the latter mea-
sures the degree of identity (or diversity) of these objects.
The nonprobabilistic methods in Information Theory ex-
tend the notion of quantity of information from a quantity
of eliminated uncertainty to that of gliminated uniformify
or to a guantity of variety, in agreement with the concept of
Ashbyz. It is in such a generalized interpretation that the
information-theoretic approaches are applied to the determi-
nation of the so-called structural information - the quantity
of information contained in the structure of a certain system.

Every structure is constructed of a certain number of
elements (N) that could be, by means of a selected criterion
of equivalency, distributed in subsets of equivalent elements,
A finite probability scheme can be associated with this di-
stribution:

Ny Hgy ey Hk)
’

Pys Pps seey Py
in which Py = NijN is the probability of a randomly chosen
element toc belong to the subset i having Ni elements. The
ratio Ni/N can also be interpreted as the probability for a
particular element of the strueture to be involved in a given
chemical reaction. Thus, the probability distribution as a
whole can be viewed in terms of the freedom with which the
structure will interact with other structures.

The entropy H(P) of the probability distribution of the
elements of this structure, as defined by eqn.(2), can be_
viewed as a measure of the mean guantity of information. I,
contained in each element of the structure:

I=- = p; log, p; , bits/element (6).
This statement needs to be discussed in detail, As poin-
ted out by Rény161, H(P) from eqn.(2) can be interpreted ei-
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ther as a measure of entropy or as a measure of information.
The first interpretation is justified when one deals with a
system before an experiment is carried out on it. Thus, H(P)
neasures the uncertainty concerning the results of the expe-
riment. When, however, one deals with a system after an ex-
periment has been carried out on it, H(P) measures the amount
of information obtained in the experiment. This is the case
with various structures, including chemical ones, like atoms
and molecules, The “experiment” reducing the uncertainty of
the system is the very process of formation of a structure
from the isolated elements, ilere information is in bonded
form, it is contained in the structure which is the reason
to use the term "information content" of the structure.
Nowshowit262 considers additional arguments support-
ing the statement that the quantity E, as defined for a cer-
tain structure from eqn.(6) is not a measure of entropy as
the term is understood in information Theory. It does not ex=-
press the average uncertainty per structure having N elements,
of a given ensemble of all possible structures having the sa-
me number of elements. Here, i_ig~;5&hg;_ihg_inigxmajign_ggn_
tent of the structure under consideration in relation to a

gystem of transformations leaving the structure invariant.
The specific character of the transformations, deter=-

mining the kind of structural information, will be discussed
in detail in the next chapters., Besides i, that we shall fur-
ther call a mean per element information content, the total
information content7 of the structure will be also of use:

I=NJI=Nlogh - N, log, N; , bits (7).

The concept of structural information based on the in-
terpretation of eqns.(6) and (7), is consistent with the ge-
neralized view on the quantity of information as a quantity
of varietyz. There is no variety in a system composed of iden=-
tical eleuents, In that case k = 1, N; =N, and I = I =0 in
eqns.(6) and (7), i.e. zero quantity of variety and zero quan-
tity of information. In the other extremum case of a maximum
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variety of structural elements, k = N, Ni = 1, and the infor=
mation content of the structure is a maximum one:

Tpax = N log, N, I = log, N (8).

The quantities I and I from mqus.(6) and (7) can be ap-
plied as structural indices expressing in a quantitative form
the degree of complexity of the system., ‘'his makes them fair-
ly suitable for diverse classification aims. They are a po-
werful tool for the discrimination between similar structures
that may be of use in the coding of structural information.
Another field of application of information indices is the
correlation between structure and properties which could be
successfully presented by information equations.

All this turns the information approach into an univer-
sal language for describing systems allowing useful analogies
or common laws between systems of different nature to be in-
ferred. In this way the laws of a given scientific area, pro-
perly translated inte information language, could be projec-
ted into other, not well developed scientific areas (One
could try, for instance, to find in biology analogies to the
known chemical or physical laws). But the information appro-
ach is not simply a translation from less general languages
to an universal one. It provides additional insight into
systems and phenomena, allowing new results to be obtained,
for instance on the basis of the extremum values of informa-
tion indices, Various examples of the possible applications
of this information approach will be given below.
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ATOMIC INFORMATION INDICES

An atom represents a system whose structural elements:
the protons, p; the neutrons, n; and electrons, z, are par-
titioned into two subsiructures: a nucleus having n+p = A
nuclons, and an electron shell of 2 electrons, According
to equ.(7), a definite g3Qm*g_;gig;ggjigg_ggnjgnj63 corres-
ponds to this atomic structure:

1,4 = (4+z) log, (A+z) - z log, z = & log, 4 (9)

In fact, equation (9) defines the atomic information
carried by one of the isotopes of a given chemical element.
Most of the chemical elements, however, represent a mixture
of isotopes of diverse mass numbers A, unly about 20 elements
are presented (with accuracy up to u,001%) by one isotope.

bue to this, the informaiion content of a chemical element

is defined63 as an arithmetic mean of the atomic information
e T :

of all thelr isotopes, at, 1
- o=
Ichem.elem, = {f‘ Iat,i o Xy (10},

where Xi is the relative abundance of the isotope i in the
chemical element.

The atomic information index, as defined by equs.(9)
and (10), was calculated for the chemical elements from H
to Pb (z = 82)., It was applied to correlations with the pro-
perties of chemical elementssB, as well as an additional in-
dex in the definition of information content of molecular
structures, especially those of heteroatomic organic com-
pounds., However, a more complete definition of this index is
necessary to extent its field of application., This can be
done on the basis of the distribution of particles in the tw
atomic substructures - the nucleus and the electron shell,

Thus, individuwal information indices could be introduced for

ato nucleus d t S :



sl

k X'
Iiucleus = 4 108, 4 - ;i; Py log, py = ;é; n; log, ny
(11),
k‘ L]
Telectr.shei1l = % 108, 2 ‘%1 z; log, =, (12),

The number of protons, neutrons and electrons, as well
as the mass number, are denoted in equs, (11) and (12) by
p, B, %, and A&, respectively.
The fotfal atomic information confent is now defined as
a sum of equs. (10), (11) and (12):
total _ . -
Iat Iat + Inucl * Iel.ahell (4+3) l°82 (A+8)
k k! !
- %i% py log, py - 2;; n; log, n; - % . z; log, 2 (13).

The proton, neutron and electron distribution into dif-
ferent groups, k, k' and respectively k*'' in number, is car-
ried out by means of diverse criteria. For this reason, equa-
tions (11) and (12) will be further used for the definition
of diverse information indices of atomic nucleus and elec-
tronic shell,

NUCLEAR INFORMATION INDICES

Following the nuclear shell model of Goeppert-Mayer
and ansen64, the protons and neutrons in atomic nucleus can
be viewed as being distributed on shells and subshells; ac-
cording to the values of different quantum numbers: princi-
pal, angular momentum, spin, inner quantum number etc. An in-~

formation index ie associated with each of these distribu+

. 18hell subshell n 1 8 J
tions: Inu.cl M Inucl ’ Inucl ') Inucl ’ Inucl ') Inucl,
etc.

The features of the information indices thus defined
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were studied in detailes. They clearly reflect the regulari-
ties of the nucleus structure, and seem to be a good basis
in the search of broader correlation between nuclear infor=-
mation indices and physical properties.

The importance of the information approach for the
study of atomic nuclei can be alsc demonstrated by an addi-
tional nuclear index66'67 - the ipnformation on protop-neutron
composition of mucleus, IpP .:

Igﬁcl = 4 log, &4 - p log, p - n log, n (14).

This quantity is shown in fig. 1 as a function of the
mass number for the 209 known ZP -gtable isotopes, It alters

bits# Al«pBITS

JﬂﬂH

.5n

Figs1. Dependence of the differential information on

proton-neutron composition of the atomic nuclei
on their mass number
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harmoniously aproxim.ting 1 vit, forming two branches with
positive and ressectively negative, deviations from the mean
value 1 bit. The areas of different type of nucl.us filiing
are set apurt in fig.1: deutron type (n,p) for A =20, and
helium type (2n, 2p and 4n, 2p) at hizher values of the mass
number,

The tctal information for proton-neutron composition
of nucleus is a magnitude quite near to the mass number A,
remaining smaller than, or equal to,it, The difference in the
two quantities is quite a small one:

np' - (. = 1 (A-2p)
Inucl A=Iel ™02 * EL 21n2 A (15).

It can be called "defect"of the information on proton-neutron

composition, since it expresses the loss of information upon
atomic nucleus formation from free nuclons, and recalls the
defect of the mass upon the same process. The two defects
could be expected to be connected, since they both increase
at higher deviations of the atomic nucleus from the symmetri-
cal state with an equal number of protons and neutrons., This
idea is supported by the coincidence (with an accuracy to a
coefficient) between the defect of information (egu.15) and
the so called parameter of the relative syumctry of the nu-
cleus, § , in Veizsdcker's equation08 for the energy of ato-
mic nucleus:

2
Sws £ _.(A.—.E&L... , energy (16).

In addition, correlation were found for isodifferent
groups of nuclei (_p = n-p = const) between binding energy
and the total information on proton-neutron composition of
atomic nuclei:

. np
By =8 ¢ Inncaqsa) * P (n.

Here a and b are constants for a given isodiffe-















































































































