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The Ball&Stick model and new color statistics are proposed to explain radiation transformations and ordering of
bioorganic compounds (BOCs) under the action of high-energy nuclear particles. It is shown that the nature of BOC
destruction, in particular, the disruption of molecular polymer structures and their fragmentation, is determined by the
conditions of radiation treatment — the type, energy, and intensity of nuclear particle fluxes. The reverse process of
thermodynamic ordering of the array of formed fission fragments is similar to the Lego game, in which the assembly
of structural fragments can both restore the initial configuration of the BOS and form new molecular complexes and
chemical compounds. In this work, such processes are investigated using the example of molecular ethanol C>2HsO,
for which possible structural models, their configurational entropy, and channels for the synthesis of new chemical
compounds have been studied. The obtained results explain the findings of radiation experiments on aqueous ethanol

solutions conducted at the M-30 microtron.

INTRODUCTION

Unlike crystalline materials, the theory of radiation
transformations, which is a complete science, the
radiation physics of polymers, both organic, in particular,
bioorganic compounds (BOC), and inorganic, is only at
its initial stage. Such materials are non-additive
structures, the binding energy of which does not depend
on the number of atoms, but is determined by the energy
of their bonds. For such structures, there are other
algorithms for finding the configurational entropy [1].
This requires the development of a new approach to the
thermodynamic conditions ordering of polymeric
materials, as well as the introduction of new statistics that
take into account the non-equivalence of atoms with
different binding energies in the structure. The first
stages of such an approach are set out in the works on
chalcogenide glasses [2], and BOC [3] and they consist
in using the Ball&Stick model to describe the polymer
network of materials and color statistics to find the
configurational entropy. This work is a continuation of
the research presented in the work [4], and ethanol
CHsCH20OH was used as a model object, whose possible
structural configurations formed under the action of
ionizing radiation, and their energy and entropy
characteristics were studied.

THEORY

The basis of this approach is to take into account the
short-range order of the BOC atoms and the conditional
allocation of atoms of the C, O, and H types, which have
different bond energies in the molecule, by a conditional
color. For ethanol, we can consider single bonds x1, x2,
x3, which form carbon atoms C: respectively, C-C, C-O,
and C-H, y1-bonds O-H, and y2, respectively, O-H. In
the general case, for BOC, their numbers satisfy the
following system of equations:

2X1+Xx2+X3=4N,,
X2+y2=2N,, 1)
x3+yl=N,

Here Nc, No, and Ny mean the number of atoms,
respectively, of carbon, oxygen, and hydrogen. For
ethanol: Nc = 2, No =1, Ny = 6. The structure of the
ethanol molecule and metastable structures that are
formed from it during radiation treatment can be
described by colored sets (CS) of atoms {ki}, which have
different bond energies in the structure. The following
rules for designating colored atoms are introduced: a
capital letter denotes the type of atom in an organic
molecule (C, O, H), lowercase letters denote atoms in the
immediate vicinity with which single chemical bonds are
formed. For example, Ccchh describes a carbon atom that
has two covalent bonds with neighboring carbon atoms
and two hydrogen atoms, Och is an oxygen atom bonded
to carbon and hydrogen, and others. For each set of
homo- and heterobonds that satisfy system (1), several
CS {ki} can be implemented, which makes it possible to
calculate the configurational entropy according to the
rule:

=In(Xjo; wi) = N T kl,) )

¥ ki=M.

Table presents data on possible molecular structures
that may form during the radiation-induced destruction
of ethanol. As can be seen, such structures are fixed
through CS, which determine their configurational
entropy and bond energy.

Thus, the obtained results demonstrate the
possibilities of using the proposed method for studying
radiative transformations of BOC.
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Results of the modelling of molecular configurations that can be formed during the radiation destruction of ethanol.
Possible values of specific energy and configurational entropy are given
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CTPYKTYPHI MOJIEJII PAJIAIIIMHUX IEPETBOPEHb
BIOOPT'AHIYHUX CIHOJIYK: ETAHOJI

B.T. Macnwk, B.I1. I'anyniu, H.I. Céamwoxk, O.M. Ilon

Mopenb Ball&Stick Ta HOBa KOJILOpPOBa CTATUCTHKA 3aPOIIOHOBAHO JUIS MOSICHEHHS PajialliifHuX MepeTBOpEeHb
Ta ynopsikyBaHHs 6ioopranidanx crnonyk (BOC) mijx giero BUCOKOCHEPreTHYHHX sIepHUX yacTHHOK. [TokazaHo, 110
xapaktep aectpykuii BOC, 30kpema, MopylIeHHsS MOJIEKYJSIPHHX IOJIMEPHUX CTPYKTYp Ta iX (parMeHraris,
BU3HAYAIOTHCSI YMOBaMHM pajialiiinoi oOpoOku — copTy, eHeprii Ta IHTEHCHBHOCTI MOTOKIB SJAEPHUX YACTHHOK.
3BOPOTHIi MPOLIEC TEPMOJMHAMIYHOTO YIIOPSAKYBaHHS MacHBY YTBOPEHHX ()parMeHTIB 1mojity nonionuii rpi Jlero,
KOJIM CKJAJaHHS CTPYKTypHHX ()parMeHTIB MOXe SK BiJHOBIIOBAaTH Io4yaTKoBy KoHQirypamito BOC, Ttak i
peaizyBaTh HOBI MOJICKYJISIPHI KOMIUICKCH Ta XIMiYHI CIIOJMYKU. Y JaHiii poOOTi Taki MpOIecH AOCIiKYIOThCS Ha
npukiaai Mojekyssipaoro eraHoiny CoHeO, a1t SKOro BHBYEHO MOXIIMBI CTPYKTYpHI Mojeni, X KoHQirypauiliHa
SHTpOIIiS Ta KaHAIM CHHTE3Y HOBUX XIMIYHMX croyiyK. OTpUMaHi pe3yJbTaTH NOSICHIOIOTh PE3yJIbTaTH pajialiiHIX
EKCIIEPUMEHTIB Ha BOJHUX PO3YMHAX €TAHOIY, IPOBEAEHUX HA MikpoTpoHi M-30.
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