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Formulation of the problem. The origin of the
diversity of organic compounds on the Earth, up to the
development of processes that determine the possibility
of life itself, is one of the most interesting problems in
cognition of the world [1].

It is generally recognized that all vital processes
proceed, so to say, in the world of molecules, which
were, in turn, formed by the gradual complication of
constituents of this world (molecular structures), begin-
ning from protozoa.

It is hardly possible to trace in detail the entire evo-
lution of the conditions leading to the formation of
vitally important processes in the molecular world, but
some of the most important concepts can hopefully be
perceived based on the ab-initio principles, i.e., under
the assumption that all processes are rooted in the fun-
damental natural laws, primarily, those formulated in
physics.

In this paper, an attempt is made to reveal some gen-
eral principles of the increasing complexity and diver-
sity of the organic world is mode.

An important problem arising at the very beginning
is why are all processes related to molecules? Which
specific properties of objects of the molecular world
finally provide the phenomenon of life?

An attempt to answer this question was made earlier
[2-5].

First of all, attention must be given to the fact that
any transformations of the objects of an ensemble are
accompanied by information receiving and processing.
No evolution is possible without them. In this respect,
the molecular world offers unique possibilities.

It was shown that molecules can, first, “record” the
input information and, second, their spontaneous or ini-
tiated transformations could be correlated with logical
operations, which are anticipated by formal mathemat-
ical logics (Boolean algebra).

It was also found out that the treatment of input
information could be a very complex process, up to the
recognition of an image, i.e., reducing many factors to
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a single feature which occurs only when the whole set
of the factors is present.

Crystalline objects have no aforementioned proper-
ties.

Important characteristics of the existence and evolu-
tion of the biological world are, on the one hand, deter-
minism expressed in the emergence of a genetic code
and, on the other hand, ambiguity providing adaptation
to environmental changes.

From the mathematical viewpoint, the biosphere
can evolve only if its constituents are able to treat infor-
mation supplied as fuzzy sets. Therefore, one of the
most important conclusions is that molecules are capa-
ble of processing this information to yield an invariable
result.

All conclusions based on fundamental physical laws
offer an unambiguous answer to the above question:
why molecules?

Now we attempt to answer another important ques-
tion based on the ab-initio principles: which mecha-
nism generates the tremendous diversity of molecular
objects required, at a fairly high complexity of their
structures, to produce a new quality resulting in life.

To substantiate the further principal conclusions, let
us briefly enunciate the key points of the modern theory
(also developed by the author) of molecular processes,
including chemical transformations [6, 7].

Physics of transitional states. According to the
principle of short-range interactions, any chemical
transformations (both mono- and bimolecular) proceed
within a small volume that contains all atoms of a sin-
gle molecular object (structural isomerization) or of
a closely related pair (synthesis or decomposition). Any
transformations of a system could be regarded as pro-
cesses responsible for the transitions of the same
atomic set from the initial to final states. Owing to these
transitions, the initial geometrical configuration is
replaced by another, which is stable with respect to
isomerization reactions. A reaction of synthesis can be
interpreted as the transition from the initial quasista-
tionary state (when two nearby molecular objects “live”
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for a relatively long time and are, thus, described by sta-
tionary wave function) to the state of a stable united
system (a new molecule).

During its decomposition reactions, the initial sta-
tionary system is transformed into a quasistationary
one that is almost divided into two parts, which can
later become separated in a space not limited by the free
path length.

In any case, the atoms become rearranged. During
structural isomerization, atoms in new positions seem
to be strongly bound with one another.

Synthesis involves the substitution of the initial
weak intermolecular bonds by stronger chemical
bonds.

In contrast, the rearrangement of atoms during
decomposition leads to the significant weakening of
some chemical bonds and the appearance of a pair of
weakly bound objects.

Within a single molecular system (a set of atoms
within a limited volume), atoms are rearranged only
during the excitation of high-amplitude vibrational
movements, primarily, the highest overtones of normal
vibrations. Therefore, observations obtained by the cal-
culation of animation images of atomic shifts at normal
vibrations with elevated amplitude could fairly exactly
indicate which movements are able to lead to recon-
structions, which simulate chemical transformations.

Chemical transformations themselves correspond to
transitions from one stationary state to another. This
corresponds to the maximum mixing between wave
functions of the two subsystems, which is possible if
the combined functions correspond to the energetically
equivalent states of the subsystems, i.e., quantum reso-
nance. If y, and y, are the stationary eigenfunctions of
subsystems, then the common states resulting from res-

onance will have functions y, , = 715 (y; £ y,). Since

the transition (tunnel) proceeds without change in
energy, it can be referred to as radiation-free.

As was already mentioned above, chemical transfor-
mations can be interpreted as a change in the geometry
of the same atom group. The finite movements of atoms
in each state are possible only if they can be limited by
the walls of the corresponding potential wells. Only in
dense media, where infinite movements of microob-
jects are constrained by a length of free path, can the
potential holes be ascribed to the first stages of decom-
position or the final stage of synthesis. Note that the
chemical equilibrium during decomposition can also be
attained only in dense environments. Both the geomet-
rical characteristics and the properties of the “wells”
can be shown in a system of normal coordinates (Q,
and Q; for combined states). The normal coordinates
are suitable for the demonstration of both the geometri-
cal characteristics of molecular objects (values of the
equilibrium lengths of the bonds, the valence angle, and
others) and the forms of the potential wells, which
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determine the localization area of the wave functions.
The space of normal coordinates is multivariate. Each
molecular transformation can be described by shifts
showing the state of point objects in such a space. It is
important that the normal coordinates of the second
subsystem can be expressed through those of the first
system using matrix proportions Q, = AQ, + b, where
Q; and Q, are the corresponding matrix columns of
normal coordinates, A is the square matrix of rotations
and changes in the scales of the coordinates, and b is
the vector (column) of shift of the minimums of poten-
tial wells of combined states and, hence, their localiza-
tion areas.

The aforementioned requirement of resonance of
subsystem states (levels) for the proceeding reaction is
a necessary but not sufficient condition. For a reaction
to take place, functions y, and y, must significantly
overlap. If the shift of b is very large, such an overlap-
ping will be too small for the reaction to proceed.

The possibility of structural transformation can be
related to the overlapping integral of functions y; and
\,. This implies that the possibility of a reaction transi-
tion is proportional to a value of exp(-b?), where b? is
the square of the module of the normal coordinate shift.
Thus, the reactions can be easily classified into rapid
and slow.

It is important that slow reactions can proceed by
many ways and have practically no limitations. This is
very important for understanding geochemical pro-
cesses, because it offers the possibility of taking into
account low probable transformations.

Trend in the complication of the world of organic
molecules during the early stages of its evolution.
The formation of the world of organic molecules during
early evolutionary stages attracts the keen attention of
many researchers. A general consensus was reached
concerning the transition from a spontaneous evolution
driven by increasing entropy in closed systems to self-
organization processes, which is possible only in open
systems. In the latter case, a decrease in the entropy of
one subsystem whose objects experience structural
complication is accompanied by an advanced increase
in the entropy of another subsystem related to the
former.

However, in the context of the newly formulated
conclusions about the course of chemical reactions, it
seems to be useful to discuss, applying visual models,
another problem. Since we refer to the formation of
more complex molecular structures from a set of more
simple ones, we can use the model of a closed system
consisting of two interrelated subsystems. The phase
space of the former contains molecules of the initial
matter, while the second bears molecules formed owing
to simple biomolecular synthesis. Let the molecules of
the first type be denoted A and those of the second type
be B. Assume that, at the initial time moment, there are
only molecules of type A, and they are evenly distrib-
uted throughout the whole phase volume. Then, apply-
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ing the cellular model, all cells N of this model will be
occupied by molecules A. Then the extent of the degen-
eration of the macrostate of this subsystem will be
equal to one, while the entropy (S) will be zero.

Let one reaction of synthesis take place A + A = B.
Then, two “holes” are formed in the set of particles A
in the same space, and “one” appears in the similar
space of B molecules. The extent of degeneration for
the subsystem with particles A will increase from unit

N,!
© 3N —2)
rostate degeneration G, = 4950. The extent of degener-
ation for a subsystem with particles B, whose maximum

. Assuming N = 100, the extent of mac-

N
number is N, = 7‘ =50, also increases from 1 to 50. In

all cases, the total entropy S =S, + S, ~ InG, + InG, will
increase. The entropy will increase until the maximum
of the extent of degradation is attained G, =

— U and Gy = —— |
(NI s = L)

The question then arises as to whether the synthesis
A + A = B can proceed spontaneously, without external
effect for real molecular objects. Evidently, if A is a
molecule consisting of atoms H and C, only reaction
A + A =B+ H, is possible. As is known, the hydrogen
content in the Earth’s atmosphere is negligible. Hence,
hydrogen released during this synthesis can be ignored.
Furthermore, it has a zero (10-%) vibrational entropy
(see below).

It is pertinent here to recall the conclusion formu-
lated above that all conceivable reactions can be subdi-
vided into rapid, which are characterized by limiting
rules, and slow, onto which these rules exert no signifi-
cant effect. This indicates that, first, at slow chemical
reactions, the reactions of the second type could be pre-
dominant during slow geochemical processes, giving a
wider diversity of products. The latter condition is
required for the further choice to reveal a new quality:
determinism.

Let us consider the physics of this process using an
illustrative example of a simple model.

Assume that the initial subsystem completely con-
sists of CH, molecules. Then, CH, + CH, = C,H¢ + H,.
This reaction is highly improbable but is known to pro-
ceed at temperatures that are, although high, still insuf-
ficient to decompose CH, molecules. The process also
requires a high-density environment, i.e., a high pres-
sure. The accumulation of ethane molecules should be
terminated when the limiting values of the degradation
Gimax and Gy, are attained, after which the total
entropy starts to decrease, forbidding the further evolu-
tion of processes in isolated systems.

Let us now take into consideration the vibrational compo-
nent of the set of CH, and C,Hy molecules. For gas moles,
they equal, respectively, 0.355 and 2.8656 J/(K mol).
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It is seen that an increase in the entropy during C,Hy forma-
tion will be four times higher than its decrease during the
decomposition of two CH, molecules.

Such a drastic change in the vibrational entropy
(internal) can be readily understood, given the appear-
ance of the C—C bond formed by heavy atoms in the
C,Hg molecule, which leads to the appearance of nor-
mal vibration with a significantly lower frequency com-
pared to the lowest frequency in a methane molecule.

Remember that the vibrational entropy is calculated
by the formula

hc
S = —RZg,-ln[] - exp(—ﬁwl)}

thgiwiexp(—hc/kTwi)

R 2T exp(ChelkTw))

Here w; is the frequency of vibrations (cm™); g; is
the extent of degradation (occupancy) of level; R, k, h,
and ¢ are the gas and other constants (generally
accepted abbreviations). An increase in total entropy
(including the vibrational one) will shift the equilib-
rium towards a greater number of more complex mole-
cules C,H,, because the source material (CH,) is still
not completely exhausted.

Imagine that the process is more complex and
involves the following reactions:

CH, + C,H; = C;Hg + H,,

CH, + C;Hg = C,H,, + H,,
CH, + CH,, = CsHy, + H,,
CH, + CsH;, =C¢H,, + H,,

and so on. With the transition from the reaction of
ethane formation from a pair of methane molecules to
other reactions listed above, the values of the relative
changes in the vibrational entropy will be as follows:
4.028, 3.2, 1.88, 1.57, 1.37. It is seen that the vibra-
tional energy decreases with increasing complexity of
the formed molecules. In the extreme case, the entropy
ratio for two adjacent steps decreases and tends to one.
This means that the “entropic limit” in the consider-
ation of the vibrational constituent will shift toward a
greater number of molecules more complex than CH,
and C,Hg and will not completely disappear, preventing
complete exhaustion of initial “building” material (the
set of CH, molecules).

The example considered above may seem to be
oversimplified . However, we should not forget that the
formation of the organic world was driven by the syn-
thesis of more complex structures from the simplest
molecular objects. In any event, the formation of the
carbon ‘“skeletons” of molecules must lead to the
appearance of low-frequency normal vibrations, which
significantly increase the contribution of the vibrational
constituent to the total entropy of the ensemble.

No.1 2007



SOME PRINCIPLES IN THE FORMATION OF ORGANIC MATTER 83

An increase in the entropy can also be facilitated by
structural isomerization (the numbers of isomers of even
small molecules reach hundreds of thousands) and the
decomposition of complex compounds into constituents,
for example, paraffins with shorter molecular chains and
olefins with double bonds: CoH,y — CsH,; + C4Hs. Such
reactions increase the diversity of the system, and
hence, the total extent of degradation in a set of sub-
systems. It is very important that the decomposition
reaction considered above does not require any addi-
tional external volume. Although the variations in the
total entropy cannot be calculated with regard for the
diversity of the arising structures, fundamental consid-
erations suggest that a spontaneous process should ter-
minate upon attaining chemical equilibrium, i.e., the
Boltzmann distribution of the occupancy of levels (in
all subsystems potentially arising in the system). This
corresponds to the maximum value of the total entropy
but not to the maximally organized structure. One can
assume that all building material from CH, molecules
was incorporated into a long paraffin chain. As was
shown above, beginning at a certain level, an increase
in the length of such a chain will not cause an increase
in the vibrational entropy. The ordering entropy (related
to the filling of the cells of the phase volume) will tend
to zero. This indicates that the appearance of extremely
highly organized structures in a closed system is impos-
sible, because their formation consumes the bulk of the
initial building material, which is not replenished.

The examples described above suggest that no
energy is spent on the reactions of synthesis, isomeriza-
tion, and decomposition. This seems to involve a con-
tradiction, because the possibility of the aforemen-
tioned reactions is controlled by external effects, which
are not considered here. This contradiction can be rec-
onciled when we consider all of the above conclusions
concerning the course of chemical reactions, which
were obtained in the theory of chemical transforma-
tions. According to the aforesaid, for example, the reac-
tion CH, + CH, = C,H, + H, is always possible, and it
makes sense only to discuss its probability. At low tem-
peratures, the rate of this reaction can be negligible,
leading to the generally accepted conclusions about its
impossibility without external effect (an increase in the
ambient temperature). If this probability (and, hence,
rates) is very small, then common chemical sense sug-
gests this reaction is forbidden. However, this does not
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necessarily mean that the concentrations of the reaction
product cannot significantly increase over thousands of
years. Such periods are not long for geochemical pro-
cesses.

Thus, the considerations presented above show that
the initial complication stage of the molecular world
can also occur in closed systems without disturbance of
the second principle of thermodynamics and the law of
increasing entropy.

Progressive complications in a closed system are
terminated upon the significant exhaustion of the initial
building material (simplest molecules). Further compli-
cation of objects is possible already only in open sys-
tems, i.e., at active interaction with the environment. If
the formation of structurally complex molecular
objects is referred to as self-organization, this process is
possible only after the first accumulation stage of large
molecules, which can be referred to as thermodynamic
or entropic.

The problems of the main factors that control the
possibility of self-organization will be discussed in fur-
ther publications.
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