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Abstract

With the help of spatial-energy concept it is demonstrated that the formation and change of high-energy bonds in ATP take place at the functional
transitions of valence-active orbitals of the system “phosphorus-oxygen”. These values of energy bonds are in accord with experimental and quantum-

mechanical data.

Spatial-Energy Parameter

During the interaction of oppositely charged heterogeneous
systems the certain compensation of volume energy of interacting
structures takes place which leads to the decrease in the resulting
energy (for example, during the hybridization of atomic orbitals).
But this is not the direct algebraic deduction of the corresponding
energies. The comparison of multiple regularities of physical,
chemical and biological processes allows assuming that in such
and similar cases the principle of adding the reciprocals of volume
energies or kinetic parameters of interacting structures is executed.

Lagrangian equation for the relative movement of the system
of two interacting material points with the masses m, u m, in
coordinate x is as follows:

M - % \here ! =i+i (1), (1a)
ded " Ox Me M M

here U-mutual potential energy of material points; m -reduced
mass. Herein x"=a (system acceleration).

For the elementary areas of interactions Ax we can accept:

U AU
ox ¥ Ax
I 1
Then: m_,alx=-AU;  Tianc) (1/m,+1/m,) %-AU or:

1
1( myanc)+1( myahx) 5-AU
Since the product maAx by its physical sense equals the
potential energy of each material point (-AU), then:

11,1 (2)
AU AU; AU

Thus, the resulting energy characteristic of the system of two
interacting material points is found by the principle of adding
the reciprocals of initial energies of interacting subsystems. “The
electron with the mass m moving about the proton with the mass M

is equivalent to the particle with the mass: = _mM_ (1)
" m+M

Therefore, modifying the equation (2) we can assume that
the energy of atom valence orbitals (responsible for interatomic
interactions) can be calculated [2] by the principle of adding
the reciprocals of some initial energy components based on the

equations:
1 1 1 11 1

I OF py g (wmy, 3 Pe = Polri 34,5
here: W -orbital energy of electrons [3];
r,- orbital radius of / orbital [4];
q=Z*/n*-by [5,6],
n, - number of electrons of the given orbital,

Z*and n*- nucleus effective charge and effective main quantum
number, r-bond dimensional characteristics.

The value P is called a spatial-energy parameter (SEP), and the
value P, -effective P-parameter (effective SEP). Effective SEP has a
physical sense of some averaged energy of valence orbitals in the
atom and is measured in energy units, e.g. in electron-volts (eV).

The values of P -parameter are tabulated constants for electrons
of the given atom orbital.

For SEP dimensionality:
[B)=ls]=[£]["]= [h]-[u]=kgT:'f “Im,

where [E], [h] and [v]-dimensionalities of energy, Planck’s
constant and velocity.

The introduction of P-parameter should be considered as
further development of quasi-classical concepts with quantum-
mechanical data on atom structure to obtain the criteria of phase-
formation energy conditions. For the systems of similarly charged
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(e.g. orbitals in the given atom) homogeneous systems the principle
of algebraic addition of such parameters is preserved:

Yo =X(B/r), vp -2 (6),(7)
r
OF: Y =Pyt Pyt Py +.i Y. Pr=Y By 8),9)

Here P-parameters are summed up by all atom valence orbitals.

To calculate the values of P -parameter at the given distance
from the nucleus either the atomic radius (R) or ionic radius (r)
can be used instead of r depending on the bond type. Let us briefly
explain the reliability of such an approach. As the calculations
demonstrated the values of P -parameters equal numerically (in the
range of 2%) the total energy of valence electrons (U) by the atom
statistic model. Using the known correlation between the electron
density () and intra-atomic potential by the atom statistic model
[7], we can obtain the direct dependence of P -parameter on the
electron density at the distance r, from the nucleus. The rationality
of such technique was proved by the calculation of electron density
using wave functions by Clementi [8] and comparing it with
the value of electron density calculated through the value of P-
parameter.

The modules of maximum values of the radial part of
W-function were correlated with the values of P -parameter and
the linear dependence between these values was found. Using some
properties of wave function as applicable to P-parameter, the wave
equation of P-parameter with the formal analogy with the equation
of W-function was obtained [9].

Wave Properties of P-Parameters and Principles of their
Addition

Since P-parameter has wave properties (similar to
Y-function), the regularities of the interference of the
corresponding waves should be mainly fulfilled at structural
The minimum, weakening of
oscillations (in antiphase) occurs if the difference of wave
moves (A) equals the odd number of semi-waves:

interactions. interference

A=(2n+1)§=ﬂ( n%} wheren=0,1,2,3, ... (10)

Asapplicableto P-parametersthisrule meansthattheinteraction
minimum occurs if P-parameters of interacting structures are also
“in antiphase” either oppositely charged or heterogeneous atoms
(for example, during the formation of valence-active radicals CH,
CH,, CH,, NO, ....etc.) are interacting.

In this case P-parameters are summed by the principle of
adding the reciprocals of P-parameters equations (3,4). The
difference of wave move (A) for P-parameters can be evaluated
via their relative value (7=&] of relative difference of P-parameters
(coefficient o) which at the interaction minimum produce an odd

number: :iz(ﬁl):éé... When 7 =0 (main state) 2:_!(11)
P 20 27 p 2

It should be pointed out that for stationary levels of one-
dimensional harmonic oscillator the energy of these levels e=hv(n+%),
therefore in quantum oscillator, in contrast to the classical one, the
least possible energy value does not equal zero. In this model the
interaction minimum does not provide zero energy corresponding

to the principle of adding reciprocals of P-parameters equations
(3,4). The interference maximum, strengthening of oscillations
(in phase) occurs if the difference of wave move equals the even
number of semi-waves:

AZZ"%ZZV! or Azﬂv(l’l‘i‘l) .

As applicable to P-parameters the maximum interaction
intensification in the phase corresponds to the interactions of
similarly charged systems or systems homogeneous by their
properties and functions (for example, between the fragments or
blocks of complex inorganic structures, such as CH, and NNO, in
octogen).

And then: y == (re1)
: P (12)

By the analogy, for “degenerated” systems (with similar values
of functions) of two-dimensional harmonic oscillator the energy of

stationary states:
e=hv(n+1)

By this model the interaction maximum corresponds to the
principle of algebraic addition of P-parameters equations (6-8).
When n=0 (main state) we have P,=P , or: the interaction maximum
of structures occurs if their P-parameters are equal. This concept
was used [2] as the main condition for isomorphic replacements
and formation of stable systems.

Equilibrium-Exchange Spatial-Energy Interactions

During the formation of solid solutions and in other structural
equilibrium-exchange interactions the unified electron density
should be established in the contact spots between atoms-
components. This process is accompanied by the re-distribution
of electron density between valence areas of both particles and
transition of a part of electrons from some external spheres into the
neighboring ones. It is obvious that with the proximity of electron
densities in free atoms-components the transition processes
between the boundary atoms of particles will be minimal thus
contributing to the formation of a new structure. Thus, the task
of evaluating the degree of such structural interactions in many
cases comes down to comparative assessment of electron density
of valence electrons in free atoms (on the averaged orbitals)
participating in the process. Therefore, the maximum total
solubility evaluated via the structural interaction coefficient a is
defined by the condition of minimal value of coefficient o which
represents the relative difference of effective energies of external
orbitals of interacting subsystems:

P/ =P /1"

a=—" 0 j00%
(P'o/ 1, +P" 1"/ 2 or

a=D"DPsr00u, (13), (14),

Ds+Ds

where P, - structural parameter is found by the equation:
1 1 1

—= —
Ps Ny Py N:P:

+... (15)’
here N, and N, - number of homogeneous atoms in subsystems.

The nomogram of the dependence of structural interaction
degree (p) upon the coefficient o, the same for the wide range of
structures, was prepared by the data obtained. [somorphism as
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a phenomenon is usually considered as applicable to crystalline
structures. But obviously the similar processes can also take
place between molecular compounds where the bond energies
can be accessed via the relative difference of electron densities
of valence orbitals of interacting atoms. Therefore, the molecular
electronegativity is rather easily calculated via the values of
corresponding P-parameters. In complex organic structures the
main role in intermolecular and intramolecular interactions can
be played by separate “blocks” or fragments considered as “active”
areas of the structures. Therefore, it is necessary to identify these
fragments and evaluate their spatial-energy parameters. Based
on wave properties of P-parameter, the total P-parameter of each
element should be found following the principle of adding the
reciprocals of initial P-parameters of all the atoms. The resulting
P-parameter of the fragment block or all the structure is calculated
following the rule of algebraic addition of P-parameters of their
constituent fragments. Apparently, spatial-energy exchange
interactions (SEI) based on leveling the electron densities of valence
orbitals of atoms-components have in nature the same universal
value as purely electrostatic coulomb interactions and complement
each other. Isomorphism known from the time of E. Mitscherlich
(1820) and D.I. Mendeleev (1856) is only a special demonstration
of this general natural phenomenon.

The quantitative side of evaluating the isomorphicreplacements
both in complex and simple systems rationally fits into P-parameter
methodology. More complicated is the problem of evaluating the
degree of structural SEI for molecular structures, including organic
ones. Such structures and their fragments are often not completely
isomorphic to each other. Nevertheless, SEI is going on between
them and its degree can be evaluated either semi-quantitatively
numerically or qualitatively. By the degree of isomorphic similarity
all the systems can be divided into three types:

L. Systems mainly isomorphic to each other-systems with
approximately the same number of heterogeneous atoms
and cumulatively similar geometric shapes of interacting
orbitals.

IL. Systems with organic isomorphic similarity-systems
which:

1. Either differ by the number of heterogeneous atoms but
have cumulatively similar geometric shapes of interacting
orbitals.

2. Or have certain differences in the geometric shape of
orbitalsbuthave the same number ofinteracting heterogeneous
atoms.

I1L. Systems  without isomorphic  similarity-systems
considerably different both by the
heterogeneous atoms and geometric shape of their

orbitals.

number of

Taking into account the experimental data, all SEI types can be
approximately classified as follows:

Systems |

1. a<(0-6)%; p = 100%. Complete isomorphism, there is
complete isomorphic replacement of atoms-components;

2. 6 % <a <(25-30)%; p=98-(0-3)%. There is wide or
unlimited isomorphism.

3. a>(25-30)%; no SEIL
Systems 11
1. a<(0-6)%;

a. There is reconstruction of chemical bonds that can be
accompanied by the formation of a new compound.

b. Cleavage of chemical bonds can be accompanied by a
fragment separation from the initial structure but without
adjoining and replacements.

2. 6%<a<(25-30)%; the limited internal reconstruction of
chemical bonds is possible but without the formation of a
new compound and replacements.

3.  a>(20-30)%; no SEIL.
Systems III
1) «a<(0-6)%

a. The limited change in the type of chemical bonds in the
given fragment is possible, there is an internal re-grouping
of atoms without the cleavage from the main molecule
part and replacements.

b. The change in some dimensional characteristics of the
bond is possible.

2) 6%<a<(25-30)%
A very limited internal re-grouping of atoms is possible.
3)  a>(25-30)%; no SEIL.

When considering the above systems, it should be pointed out
that they can be found in all cellular and tissue structures in some
form butare notisolated and are found in spatial-time combinations.
The values of a and p calculated in such a way refer to a definite
interaction type whose nomogram can be specified by fixed points
of reference systems. If we take into account the universality of
spatial-energy interactions in nature, such evaluation can have the
significant meaning for the analysis of structural shifts in complex
bio-physical and chemical processes of biological systems.

Fermentative systems contribute a lot to the correlation of
structural interaction degree. In this model the ferment role comes
to the fact that active parts of its structure (fragments, atoms, ions)
have such a value of P -parameter which equals the P -parameter of
the reaction final product.

That is the ferment is structurally “tuned” via SEI to obtain the
reaction final product, but it will not enter it due to the imperfect
isomorphism ofits structure (in accordance with III). The important
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characteristics of atom-structural interactions (mutual solubility of
components, chemical bond energy, energy of free radicals, etc) for
many systems were evaluated following this technique [10,11].
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Calculation of Initial Data and Bond Energies

Based on the equations (3-5) with the initial data calculated by
quantum-mechanical methods [3-6] we calculate the values of P -

parameters for the majority of elements being tabulated, constant
values for each atom valence orbital. Mainly covalent radii by the

main type of the chemical bond of interaction considered were used

as a dimensional characteristic for calculating P -parameter (Table
1). The value of Bohr radius and the value of atomic (“metal”) radius

were also used for hydrogen atom.

Table 1: P-parameters of atoms calculated via the bond energy of electrons.

w r. q? P R P /R
Atom Valence Electrons o 9 ¢ < 9
(eV) G (evA) (eVA) A (eV)
0.5292 9.0644
H 1s, 13.595 0.5295 14.394 4.7985 0.28 17.137
R,=1.36 3.525
0.77 7.6208
2P, 11.792 0.596 35.395 5.868 067 87582
0.77 13.066
2P, 11.792 0.596 35.395 10.061 067 15016
c
28, 14.524 0.77 18.862
24.585 0.77 31.929
25,+2P, 24.585 0.67 36.694
2P, 15.445 0.4875 52.912 6.5916 0.7 9.4166
2P, 11.723 0.7 16.747
0.70 22.614
N 2Py 1583 0.55 28.782
28, 25.724 0.521 53.283 17.833 0.7 25.476
25,+2P, 33.663 07 48.09
9.7979
;1131 0.66 4.755
op' 4.6188
>p' 17.195 0.4135 71.383 6.4663 R=136 17.967
! R=1.40 4.755
0.66
0.59 20.048
0 R=1.36 8.7191
1
2P, 17.195 0.4135 71.383 11.858 R=140 6.470
0.66 30.815
0.59 30.815
2P, 17.195 0.4135 71.383 20.338 066 34471
28, 21.466 0.66 63.339
25,42P, 33.859 045 7262 41.804 0.59 70.854
4s, 1.97 3.0096
4s, 5.929 1.97 4.4902
Ca s, 5.3212 1.69 17.406 88456 R2'21.00 88456
4s, R*=1.26 7.0203
1.10 7.0785
3P, 10.659 0.9175 38.199 7.7864 R*o186 P.-4.1862
3p!
P s 1.10 15.085
3p : -
3 10.659 0.9175 38.199 7.7864 Ro1 86 89215
38,+3P,
35.644 11 32.403
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1.60
3.6618
3S 5.8568 1.60
Mg 1 6.8859 1.279 17.501 o 5.4867
3s, 8.7787 R?'=1.02 8.6066
4§, 6.4180 1.30 4.9369
Mn 4S,+3d, 6.7451 1.278 25.118 12.924 1.30 9.9414
45,+3d, 22.774 1.30 17.518
1.89 2.4357
Na 3S, 4.9552 1.713 10.058 4.6034 R =1.18 3.901
R =0.98 4.6973
2.36 2.0547
K 48, 4.013 2.612 10.993 4.849 RV -1.45 3344
Table 2: Structural P-parameters calculated via the bond energy of electrons.
Radicals, Molecule Fragments Orbitals
OH 9.7979 9.0644 4.708 0(2P)
17.967 17.138 8.7712 0(2P,)
H,0 2-9.0644 17.967 9.0227 0(2P)
CH 17.16 2-9.0644 8.8156 C(2s,2P%)
2 31.929 2-17.138 16.528 C(25,2P,)
CH 15.016 3-9.0644 9.6740 C(2P%)
3 40.975 3-9.0644 16.345 C (25%2P%)
CH 31.929 12.792 9.133 C (25%2P%)
NH 16.747 17.138 8.4687 N(2P?)
19.538 17.132 9.1281 N(2P?%)
NH 19.538 2:9.0644 9.4036 N(2P?)
2 28.782 2:17.132 18.450 N(2P?)
CO-OH 8.4405 8.771 43013 C(2P%)
C=0 15.016 20.048 8.4405 C(2P?)
C=0 31.929 34.471 16.576 0(2P%
C0=0 36.694 34471 17.775 0(2P)
C-CH, 17.435 19.694 9.2479 -
C-NH, 17.435 18.45 8.8844 -
C0-OH 12.315 8.7712 5.1226 C(2S,2P)
0(2P2)
(HP)O, 23.122 23.716 11.708 P(35,3P3)
0(2P)
(H,P)O, 17.185 17.244 8.6072 PGP
0(2P)
(H,P)O, 31.847 31.612 15.865 P(35,3P))
] 0(2P,)
H,0 2-4.3623 8.7191 4.3609 o135A
) 0(2P,)
H,0 2-4.3623 4.235 2.8511 o149
C-H,0 2.959 2.8511 1.452 -
(C-H,0), _ ~ 1.4520-3= ~
Lactic acid 4.3563
(C-H,0), B B 1.4520-6= B
Glucose 8.7121
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In some cases, the bond repetition factor for carbon and oxygen
atoms was taken into consideration [10]. For a number of elements,
the values of P -parameters were calculated using the ionic radii
whose values are indicated in column 7. All the values of atomic,
covalent and ionic radii were mainly taken by Belov-Bokiy, and
crystalline ionic radii by Batsanov [12]. The results of calculating
structural P-parameters of free radicals by the equation (15) are
given in Table 2. The calculations are done for the radicals contained
in protein and amino acid molecules (CH, CH,, CH,, NH, etc), as well
as for some free radicals formed in the process of radiolysis and
dissociation of water molecules.

The technique previously tested [10] on 68 binary and more
complex compounds was applied to calculate the energy of coupled
bond of moleculles 1by thelequatiolns:

Table 3: Ionic and Van der Waals radii (A).

where n-bond average repetition factor, K-hybridization
coefficient which usually equals the number of registered atom
valence electrons. Here the P-parameter of energy characteristic of
the given component structural interaction in the process of binary
bond formation. “Non-valence, non-chemical weak forces act ...
inside biological molecules and between them apart from strong
interactions” [13]. At the same time, the orientation, induction and
dispersion interactions are used to be called Van der Waals. For
three main biological atoms (nitrogen, phosphorus and oxygen) Van
der Waals radii numerically equal approximately the corresponding
ionic radii (Table 3). It is known that one of the reasons of relative
instability of phosphorus anhydrite bonds in ATP is the strong
repulsion of negatively charged oxygen atoms. Therefore, it is
advisable to use the values of P-parameters calculated via Van
der Waals radii as the energy characteristic of weak structural
interactions of biomolecules (Table 3).

Ionic Radii Van der Waals Radii
Atom
Orbital R, (eV) R, Orbital (eV)
R=1.36 3.525 1.10 4.3623
H 1St 1St
r=0.5292 9.0644 1.32 3.6352

1.50 2p! 4.3944/1

N 2p3 R*=1.48 10.696/3=3.5653 1.50 2p3 10.553/3=3.5178
1.50 2522p3 22.442/5=4.4884
1.9 3p! 4.0981/1

P 3p3 R*=1.86 8.9215/3=2.9738 1.9 3p3 8.7337/3=2.9112
1.9 3523p3 18.760/5=3.752

8.470/2=4.2350 1.40 2p! 4.6188/1
R*=1.40

1.50 2P! 4.3109/1

[0} 2p? R*=1.36

8.7191/2=4.3596 1.40 2p? 8.470/2=4.2350

1.50 2p? 7.9053/2=3.9527
1.7 2P! 3.4518/1

C 2522p? d*/2=3.2/2=1.6 15.365/4=3.841 1.7 2p? 5.9182/2=2.9591
1.7 2S%22P? 14.462/4=3.6154

d*-contact distance between C-C atoms in polypeptide chains [13].

Bond energies for P and O atoms were calculated taking
into account Van der Waals distances for atomic orbitals: 3P!
(phosphorus)-2P! (oxygen) and for 3P* (phosphorus)-2P? (oxygen).
The values of E obtained slightly exceeded the experimental,
reference ones (Table 4). But for the actual energy physiological
processes, e.g. during photosynthesis, the efficiency is below the
theoretical one, being about 83%, in some cases [14,15]. Perhaps
the electrostatic component of resulting interactions at anion-
anionic distances is considered in such a way. Actually the calculated
value of 0.83E practically corresponds to the experimental values of
bond energy during the phospholyration and free energy of ATP in
chloroplasts.

Table 4 contains the calculations of bond energy following the
same technique but for stronger interactions at covalent distances
of atoms for the free molecule P-O (sesquialteral bond) and for the
molecule P=0 (double bond). The sesquialteral bond was evaluated
by introducing the coefficient n=1.5 with the average value of
oxygen P -parameter for single and double bonds. The average
breaking energy of the corresponding chemical bonds in ATP
molecule obtained in the frameworks of semi-empirical method
PM3 with the help of software GAMESS [16] are given in column
11 of Table 4 for comparison. The calculation technique is detailed
in [17]. The calculated values of bond energies in the system
K-C-N being close to the values of high-energy bond P~0 in ATP
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demonstrate that such structure can prevent the ATP synthesis. n=3.525/17.037 characterizes the change in the bond repetition
When evaluating the possibility of hydrogen bond formation, we factor when transiting from the covalent bond to the ionic one.
take into account such value of /g in which K=1, and the value

Table 4: Bond energy (eV).

o Component 1 Component 2 Component 3 Cal_c ula-
Struc- Bond tion E E Remarks
tures [13,14,15] | [16,17]
Orbitals PE (eV) n/K PE (eV) n/K PE (eV) | n/K E
1 2 3 4 5 6 7 8 9 10 11 12
P..0 6.277
3523p3- cov. 32.403 1.5/5 Zg'ggg‘ ig;g 6.14 6.024 62?25 nljglefze?e
2822P* : : <6.15> : u
Decay
H,0 cov. 2x9.0624 1/1 17.967 1/6 2.570 ]
151-2p2 cov. 2x9.0624 1/1 20.048 2/2 9.520 2:476 10.04 Of"e';il‘:"l
H,PO, cov. 3x9.0624 1/1 32.405 1/5 4x17.967 | 1/2 4.8779 4708
c-0
@piasy | O 7.6208 1.125/2 9.7979 1/1 4.2867
C-N
2Pigp cov. 7.6208 01-Apr 9.4166 | 01-May 0.9471
C-N
2Pt cov. 7.6208 1.125/4 9.4166 | 1.1667/5 1.0898 0.87
K-C-N
4S2-2P1- cov. 2.0547 1/1 7.6208 1/4 94166 | 1/5 | 0.648
2P
((CC'_}PI{Z%])' vdw 1.452 01-Jan 1.452 01-Jan 0.726
2
Cc-0
252p2- cou 31.929 1.125/4 20.048 1/2 4.7367
op? : 31.929 1/4 20.042 1/2 4.4437
N-H cou 9.4166 1.1667/1 9.0644 1/1 4.9654
2PL-18! : 9.4166 1/1 9.0644 1/1 4.6186
C-H
opigst 13.066 1/2 9.0644 1/1 3.797
C-H cov. 3.772
SPtgst 13.066 1/2 17.137 1/1 4.7295
N-H,
Pt cov. 22.614 01-Mar 2x9.0644 | 01-Jan 5.3238
-H-0 3.525 3.525/17.037 | 4.6188 | 01-Jun 0373 0.3742 Hyggﬁfle“
P=0 Free mole-
et cov. 15.085 02-Mar 20.042 | 02-Feb 6.697 6.504 6.1385
3p3-2P cule
P-0
3pé.gp? Vdw 8.7337 01-May 8.47 01-Jun 0.781 0.67
Delta ATP
P-0
2pigpt cov. 7.0785 01-Jan 9.7979 01-Jan 41096 4.2059 42931
P-0 Phospholyra-
3piopt Vdw 4.0981 01-May 46188 | 01-Jun 0.397 0.34-0.35 ton
Formation of Stable Biostructures Pap
1~ 42

At equilibrium-exchange spatial-energy interactions similar to
isomorphism the electrically neutral components do not repulse
but approach each other and form a new composition whose o
in the equations (13,14). This is the first stage of stable system
formation by the given interaction type which is carried out under

Hydrogen atom, element No 1 with the orbital 1S determines
the main criteria of possible structural interactions. Four main
values of its P-parameters can be taken from Table 1 & 3: for
strong interactions: P}, =9.0644eV with the orbital radius 0.52924
and Bj =17.137eV with the covalent radius 0.28A. For weaker

the condition of approximate equality of component P-parameters:
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interactions: p.=4.3623eV and P =3.6352eV with Van der Waals
radii 1.10A and 1.32A. The values of P-parameters p':p":p"
relates as 1:2:4. In accordance with the concepts in Section 2, such

Table 5: Bio-structural spatial-energy parameters (eV).

values of interaction P-parameters define the normative functional
states of biosystems, and the intermediary can produce pathologic
formations by their values.

sel;(‘)es H c N 0 P CH co NH f(:‘s‘e L:Ccit(;c OH Remarks
8.4687
8.7582 o | 87121
9.0644 @2P) | 94166 | 97979 | 87337 | 21330 | gases | 1sy
I 2P%- 8.7710 Strong
2 2_ . i i
sy 9780 | 2Py | @PY) | (3P9 (zi 521;) (2P-2P) | 91281 | o, interaction
2
(2PY) - | 2P
181
17.132 17.435 | 16747 | 17.967 | 18760 16576 | NandH
I Cand H Strong
2 2_ i i
(1Y @2si2py) | 2Py | @py | @siapy | Plocks (22;1)3 blocks interaction
43109
43563
(43623) | 3.8696 | 43944 | (2P | 4.0981 44437 | 4.6186 Weak
I 47295 2P | 47084
(1Y) (2P?) 2P | 46188 | (3PY 47367 | 4.9654 interaction
(15'-2P?)
(2PY)
34518 42350 | 4.0981
3.6352 (2PY) 35178 | (2PY) (3PY) 44437 | 46186 Effective
v 47295 bond en.
(1) 36154 | (2P%) | 3.6318 | 3.752 47367 | 4.9654 ey
(2522P2) (2P | (35%3P%)

The series with approximately similar values of P-parameters
of atoms or radicals can be extracted from the large pool of possible
combinations of structural interactions (Table 5). The deviations
from the initial, primary values of P-parameters of hydrogen atom
are in the range +7%. The values of P-parameters of atoms and
radicals given in the Table define their approximate equality in
the directions of interatomic bonds in polypeptide, polymeric and
other multi-atom biological systems.

In ATP molecule these are phosphorus, oxygen and carbon
atoms, polypeptide chains CO, NH and CH radicals. In Table 5 you
can also see the additional calculation of their bond energy taking

Table 6: Structural interactions in phosphorus acids.

into account the sesquialteral bond repetition factor in radicals C-O
u N-H. On the example of phosphorus acids, it can be demonstrated
that this approach is not in contradiction with the method of
valence bonds which explains the formation peculiarities of
ordinary chemical compounds. It is demonstrated in Table 6 that
this electrostatic equilibrium between the oppositely charged
components of these acids can correspond to the structural
interaction for H,PO, 3P* orbitals of phosphorus and 2P* of oxygen,
and for HPO, 3S°3P* orbitals of phosphorus and 2P* of oxygen.
Here it is stated that P-parameters for phosphorus and hydrogen
subsystems are added algebraically.

Component 1 Component 2
Molecule a=(AP/<P>)*100%
Atom Orbitals P=P +P, (eV) Atom Orbitals P(eV)
1St-3Pp? 4.3623*3+4.0981=17.185 o, 2P? 4.3109%4=17.244 0.34
(H,P)O, H,P
1S'-(3S23P%) | 4.3623*3+18.760=31.847 | atr=1.504 2P? 7.9053*4=31.612 0.74
1s' - O

(HP)O HP 29 D3 4.3623+18.760=23.122 2p? 7.9053*3=23.716 2.54

3 (35%3P%) o

atr=1.50A
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It is also known that the ionized phosphate groups are
transferred in the process of ATP formation that is apparently
defined for phosphorus atoms by the transition from valence-active
3P? orbitals to 3523P? ones, i.e. 4 additional electrons will become
valence-active. According to the experimental data the synthesis
of one ATP molecule is connected with the transition of four
protons and when the fourth proton is being transited the energy
accumulated by the ferment reaches its threshold [18,19]. It can be
assumed that such proton transitions in ferments initiate similar
changes in valence-active states in the system P-0. In the process of
oxidating phospholyration the transporting ATP-synthase uses the
energy of gradient potential due to 2H*-protons which, in the given
model for such a process, corresponds to the initiation of valence-
active transitions of phosphorus atoms from 3P! to 3P3-state. In
accordance with the equation (17) we can assume that in stable
molecular structures the condition of the equality of corresponding
effective interaction energies of the components by the couple bond
line is fulfilled by the following equations:

(FE E] z[pE E) SR ~P, (18)

And for heterogeneous atoms (when p, =, ):

() (), (s

In phosphate groups of ATP molecule, the bond main line
comprises phosphorus and oxygen molecules. The effective energies
of these atoms by the bond line calculated by the equation (18) are
given in Table 4 & 5, from which it is seen that the best equality of P,
and P, parameters is fulfilled for the interactions P(3P%) -8.7337eV
and O(2P?)-8.470eV that is defined by the transition from the
covalent bond to Van der Waals ones in these structures. The
resulting bond energy of the system P-O for such valence orbitals
and the weakest interactions (maximum values of coefficient K) is
0.781eV (Table 4). Similar calculations for the interactions P(2P?)-
4.0981eV and O(2P")- 4.6188eV produce the resulting bond energy
0.397eV. The difference in these values of bond energies is defined
by different functional states of phosphorous acids HPO, and
H,PO, in glycolysis processes and equals 0.384eV that is close to
the phosphorylation value (0.34-0.35eV) obtained experimentally.
Such ATP synthesis is carried out in anaerobic conditions and
is based on the transfer of phosphate residues onto ATP via the
metabolite. For example: ATP formation from creatine phosphate is
accompanied by the transition of its NH group at ADP to NH, group
of creatine at ATP.

From Table 4 it is seen that the change in the bond energy of
these two main radicals of metabolite is 5.3238-4.9654=0.3584eV
-taking the equilateral bond N-H into account (as in polypeptides)
and 5.3238-4.6186=0.7052eV -for the single bond N-H. This is one
of the intermediary results of the high-energy bond transformation
process in ATP through the metabolite. From Table 4 & 6 we can
conclude that the phosphorous acid H,PO, can have two stationary
valence-active states during the interactions in the system P-O
for the orbitals with the values of P-parameters of weak and
strong interactions, respectively. This defines the possibility for
the glycolysis process to flow in two stages. At the first stage, the
glucose and H,PO, molecules approach each other due to similar

values of their P-parameters of strong interactions (Table 2). At the
second stage, H,PO, P-parameter in weak interactions 4.8779eV
(Table 4) in the presence of ferments provokes the bond (H,0-
C)-(C-H,0) breakage in the glucose molecule with the formation
of two molecules of lactic acid whose P-parameters are equal by
4.3563eV. The energy of this bond breakage process equalled to
0.726€V (Table 4) is realized as the energy of high-energy bond it
ATP. According to the reference data about 40% of the glycolysis
total energy, i.e. about 0.83eV, remains in ATP.

By the hydrolysis reaction in ATP in the presence of ferments

(#Po,+H,0> 1,0 +E) for structural P-parameters (Table 2)
E=11.708+4.3609-15.865=0.276¢€V.

It is known that the change in the free energy (AG) of hydrolysis
of phosphorous anhydrite bond of ATP at pH=7 under standard
conditions is 0.311-0.363eV. But in the cell the AG value can be
much higher as the ATP and ADP concentration in it is lower than
under standard conditions. Besides, the AG value is influenced
by the concentration of magnesium ions which is the acting co-
ferment in the complex with ATP. Actually Mg** ion has the P,-
parameter equalled to 8.6066eV (Table 1) which is very similar
to the corresponding values of P-parameters of phosphorous and
oxygen atoms. The quantitative evaluation of this factor requires
additional calculations.

Conclusion

1. Bond energies of some biostructures have been calculat-
ed following P-parameter and quantum-mechanical tech-
niques.

2. High-energy bonds in ATP are formed in the system P-O
under functional transitions of their valence-active states.

The data obtained agree with the experimental ones.
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