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Abstract. The decades of research of R M Santilli resulted into the formulation of iso-, geno- and hyper- mathematics
[1, 2] that helped in understanding numerous diversified problems and removing inadequacies in most of the established
and celebrated theories of 20th century physics and chemistry, for example, the theories of relativity, quantum mechanics
(chemistry), astrophysics, particle physics, and so on. This involves the isotopic, genotopic, etc. lifting of Lie algebra that
generated Lie admissible mathematics to properly describe irreversible processes. The studies on Hadronic m Mechanics
based on Santilli’s mathematics for the first time has removed the very fundamental limitations of quantum chemistry [3, 4]
[2, 3, 4]. Herein, we review a Santilli-Shillady model[3, 4, 5] of hydrogen and water molecules characterized by a bond at short
distances of the two valance electrons into a singlet quasi-particle state called isoelectronium for hydrogen molecule and two
isoelctronia (one per H-O dimer) in case of water molecule. We especially emphasis on: the numerically exact representation
of binding energies from unadulterated first axiomatic principle, the reduction of the hydrogen molecule to a restricted three
body problem that admits exact analytic solutions and the reduction of computer time by at least a factor of 1000 folds due to
a much faster convergent series.

Keywords: Quantum Mechanics, Hydrogen bonding, Nonlinear or nonlocal theories and models, Iso-Mathematics
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INTRODUCTION

Following decades of research Professor R. M. Santilli has achieved a milestone in formulation of a new mathematics
(Santilli’s Mathematics) that streamlined almost all branches of physics including quantum mechanics (chemistry).
No doubt quantum mechanics (chemistry) has made very fundamental contributions in understanding atomic and
sub-atomic level of aspects via its majestic axiomatic structure. However, with the advancement in experimental and
technological efficiencies the increasing limitations of quantum mechanics got surfaced out. Santilli right from his
graduate studies had fundamental doubts on the final structure of quantum mechanics due to its inability to explain,
for example — it does not characterize an attractive force among neutral atoms of hydrogen molecule; why hydrogen
and water molecules admit only two H-atoms and not three or more; characteristics like binding energy, electric and
magnetic dipole and multi-pole moments of hydrogen and other molecules have not been represented accurately; and
the basis of introduction of an arbitrary function to describe screening of coulomb potential between two electrons to
arrive at a more accurate numerical representation of molecular binding energies and other data. Moreover, the unitary
structural departure of theory from the basic axioms of quantum mechanics and chemistry could not be justified; a
larger percentage are missing in the representations of electric and magnetic moments, sometimes even have wrong
signs; the absence of explanation for electron ‘correlation energy’, etc.

More so the quantum chemistry is structurally linear theory, thus representing complex multi body systems via the
factorization of the total wave function into its individual components which requires the adoption of the superposition

1 The work is supported by Santilli foundation and being presented at the Seminar Course on Hadronic Mechanics, ICNAAM 2012, Kos, Greece,
during 19-25 September 2012.
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principle as a prerequisite for its consistency. However, multi-body systems like water molecules are nonlinear where
superposition principle is inapplicable, with consequential impossibility of formulating a consistent factorization that
reveals the inability of quantum chemistry to rationally deal complex structures.

The synthesis of water molecule is structurally irreversible process whereas quantum chemistry is a reversible theory
indicating the possibility of spontaneous decay of water molecule which became a serious drawback of the theory.

Beside all these limitations quantum chemistry admits an additional rather crucial limitation given by poor con-
vergence of the perturbation series. That is, water molecule and other complex structures require Gaussian and other
methods, all based on expansions whose calculations require the use of computers due to their complexities. The in-
sufficiency here referred to is given by the fact that the time requested for basic calculations by large computers is
generally excessive, thus implying an inherent lack of strong convergence of the underlying perturbative series, with
consequential debatable accuracies.

The above shortcomings of quantum chemistry motivated Santilli [6] to construct the hadronic covering of quantum
chemistry which is capable of resolving almost all the issues of insufficiencies. This covering is christened as Hadronic
Mechanics[1]. Santilli and Shillady [3, 4] have proposed new isochemical models for the structure of hydrogen and
water molecules which apparently for the first time : 1) explained, why these molecules have only two atoms (per dimer
in case of water molecule), 2) achieved an exact representation of binding energy from unadulterated first axiomatic
principle, and 3) proved the reduction of computer time by at least a factor of 1000 folds.

HADRONIC CHEMISTRY

With the achievement of mathematical maturity of hadronic mechanics, Santilli applied it to chemical systems
and the results were amenable to the precise experimental verification and industrial applications [1]. Santilli and
Shillady for the first time in their historical paper (1999) [3] have provided a covering now known as Hadronic
chemistry. This study primarily propose proper quantitative scientific contents of a valence bond which is formed
due to the mutual penetration of the extended wavepackets of the electrons causing the departure from the class of
unitary equivalence. These nonlinear, nonlocal and nonpotential interactions are then represented invariantly via an
isounitary transformation by projecting its conventional nonunitary form. For this purpose Santilli and Shillady use
the fundamental isounit of hadronic chemistry [1] whose volume integral for all mutual short distances between the
valence electrons greater than 1 fm, is null and hadronic chemistry recovers quantum chemistry. This then recognizes
the emergence of the attractive Hulthén potential which at short distance behaves like coulomb potential and is much
stronger than the later.

In this way, Santilli and Shillady arrived at a strong valence bond for the first time in the history of chemistry
— a valence coupling between two identical electrons from two different atoms into a singlet quasi-particle state
called as isoelectronium which describes an oo-shaped orbit around the respective two nuclei. This then became
the necessary condition to justify that the character of the H - H molecule is not paramagnetic, in total agreement
with the experimental verification. Therefore, it is needless to say, once two valence electrons are bonded into the
isoelectronium, there is no possibility of bonding even an additional atom justifying, why hydrogen and/or water
molecules admit only two hydrogen atoms.

Below we describe hadronic chemistry as applied to hydrogen and water molecules in brief.

The hydrogen molecule (1999)

According to quantum chemistry, the hydrogen molecule is a four body system comprising two protons and two
electrons with conventional equation for the molecule at rest, that is, the two protons are considered at rest as
convetionally done [
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]
ψ(r) = Eψ(r), (1)

where 1, 2 represents the two electrons; a, b represents the two protons; R is the distance between the protons; and
r represent other distances. Due to its four body character, the above equation, does not admit any analytic solution;
misses at least 2% of the binding energy; and predicts that the hydrogen molecule is paramagnetic due to the evidence
independence of the electrons.
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However, the Santilli’s isochemical model of the hydrogen molecule as a four-body system yield the following
expression: [
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]
ψ̂(r) = Eψ̂(r), (2)

showing the appearance of the Santilli-Shillady strong valence bond of Hulthén type that absorbs all coulomb
potentials, where m′ represents the isorenormalized mass of the electron.

However, a fundamental implication of hadronic chemistry is that of restricting the above four-body model to
a three-body structure evidently composed by the two protons at mutual distance R and the two valence electrons
strongly bonded into the isoelectronium quasiparticle. By recalling that Hulthén potential behaves at small distances
like the coulomb one and therefore, the isochemical model of hydrogen molecule as a three-body system can be written
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]
ψ(r) = E ′ψ(r), (3)

where the system does admit an analytic solution in its restricted form under the assumption that the isoelectronium is
stable; and one should note again the change of the eigenvalue in transition from equation 1. Note also that equation 3
is purely quantum chemical because all distances between the constituents are much bigger than 1 fm.

The water molecule (2000)

Subsequent to the successful study of hydrogen molecule using isochemical molecular model of isoelectronium [3];
Santilli and Shillady proposed their second historical study [4] of hadronic chemistry for debatable water molecule
resulting from the first axiomatic unadulterated principles of binding energy, sign and values of electric and magnetic
moments and other data. The hypothesis was that the two valence electrons, one per each pair of hydrogen and oxygen
atoms, correlate themselves into a bonded singlet state at a short distance resulting in two isoelectronia, one per each
H-O dimer. The bonding force between the two H- and O- atoms was justified by Hultén force between the two valence
electrons in the isoelectronia. Therefore, the binding energy is characterized by two oo-shaped orbits of isoelectronia
around the H-O-H nuclei and molecule itself is characterized by two isoelectronia, one per each H-O dimer. This then
renders the system of H-O− dimer as a three body system (two protons of hydrogen atoms and two electrons strongly
bound into an isoelectronium quasiparticle) with an exact solution.

Now by denoting with the sub-indices 1 and a to hydrogen; 2 and b, to oxygen, and assuming the absence of all
hadronic effects, the conventional quantum chemical representation for above H-O dimer is similar to that of equation
1. Further, if we recall that the Hulthén potential potential behaves like a coulomb one at short mutual distance,
regenerates the form of equation 2 represented for isochemical model of four-body hydrogen molecule. Now, herein
the additional H-atom bonded with the first H-O- dimer can be represented via a nonunitary image of the coulomb law
resulting in screening of Gaussian type

2e2/r −→ 2e2(1± e−αr)/r, (4)

where, the double value 2e originates from the duality of the bonds in H-O-H; α is positive parameter to be determined
from the data; the sign "-" applies for an O-atom as seen from an H-electron; and the sign "+" applies for the O-atom
as seen from the H-nucleus.

The above indicated corrections / lifting then yields the isochemical model of the water molecule in its projection in
the conventional Hilbert space over conventional fields
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]
ψ̂(r) = E ′ψ̂(r), (5)

where E ′ is half of the binding energy of the water molecule; R is the interatomic distance.
A more accurate isochemical model of water molecule was given by a five-body system comprising the two H

nuclei, the O atom assumed with all electrons concentrated in the nucleus except for two valence electrons, and
two isoelectronia assumed as fully stable. This model admits no analytic solution, thus requiring variational or other
approaches.
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CONCLUSION

In the preceding section we have reviewed the covering of quantum chemistry known as hadronic chemistry from the
literature [1, 3, 4] and the recent monograph [2]. The molecular structure study based on the bonding of a pair of
valence electrons from different atoms into a singlet quasi-particle (isoelectronium) has provided a route to overcome
the 20th century insufficiencies in quantum chemistry, namely:

1. Exact representation of molecular binding energies from first axiomatic principles without ad hoc adulterations.
2. An explanation, why hydrogen molecule has only two hydrogen atoms.
3. The quantum chemistry is structurally linear and requires the validity of superposition principle to present

multi-body systems like water molecule that being non-linear in the wave-function and other quantities. The
reconstruction of linearity on the Hilbert-Santilli isospaces over Santilli isofields (isolinearity) is then achieved
via embedding of all non-linear terms in the isounit and isotopic elements

H(r, p,ψ, · · ·) = H0(r, p)T (ψ, · · ·), (6)

and restores the superposition principles with exact factorization

H0(r, p)T (ψ, · · ·)ψtotal = H0T (r, p,ψ, · · ·)ψ1×ψ2×· · ·ψn, (7)

with consequential validity of isotopic theory for complex systems.
4. The major achievement of this isochemistry is that, absolute value of the isounit from ref [1] is much bigger

than one and the isotopic element is much smaller than one turning all slow convergent series into strongly (fast)
convergent form. Therefore the variational calculations for isochemical model of hydrogen and water molecules
turned out to require a computer time at least 1000 shorter folds than the conventional calculations.

Moreover, separate genochemical and hyper chemical models (not recalled in the present paper for the sake of brevity)
are also developed for water molecule described elsewhere [2] wherein, the former one is useful for the irreversible
representation of the synthesis of water and the later one give the multi-valued extension of previous models for
explaining part of living cells.
Therefore to conclude here, indeed by the virtue of this isochemical branch of Hadronic mechanics we have overcome
almost all insufficiencies of quantum chemical notions. This tool is indeed a promising framework that would help
explore many more micro and macro level inconsistencies of the existing literature that one way or other help mankind.
During presentation on the topic, a more detailed review of the proposed isochemical models of hadronic chemistry
would be taken in to account including Santilli-Shillady Strong Valence Bond and concept of Isoelectronium.

ACKNOWLEDGMENTS

The financial support from The Santilli Foundation is greatly acknowledged and sincere thanks especially to Professor
R. M. Santilli and his team including Professor R. Anderson and Professor Corda for providing an opportunity to
learn new mathematics and its applications. Author is personally thankful to Professor A. A. Bhalekar for providing
valuable guidance in learning the new literature.

REFERENCES

1. R. M. Santilli, Foundations of Hadronic Chemistry, Kluwer Academic Publisher, Dordrecht, 2001.
URL http://www.santilli-foundation.org/docs/santilli-113.pdf

2. I. Gandzha and J. Kadisvily, New Science for a New Era, sankata Printing Press, Nepal, 2001.
URL http://www.santilli-foundation.org/docs/RMS.pdf

3. R. M. Santilli and D. D. Shillady, International Journal of Hydrogen Energy 24, 943-956(1999).
URL http://www.santilli-foundation.org/docs/Santilli-135.pdf

4. R. M. Santilli and D. D. Shillady, International Journal of Hydrogen Energy 25, 173-183(2000).
URL http://www.santilli-foundation.org/docs/Santilli-39.pdf

5. Raúl Pérez-Enríquez, José Luis Marín and Raúl Riera, Progress in Physics 2, 34-41(2007).
6. R. M. Santilli, Hadronic J.1, 574-901(1978).

URL http://www.santilli-foundation.org/docs/santilli-73.pdf.

1036

Downloaded 19 Jan 2013 to 128.173.186.245. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/about/rights_permissions


