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Abstract

Despite outstanding advances throughout this century, we still lack final knowledge on the structure of the water
molecule because of a number of insufficiencies in available models identified in the text. In a preceding paper we
submitted a covering of quantum chemistry called hadronic chemistry in its isochemical branch, and introduce a
new model of the hydrogen molecule characterized by a bond at short distances of the two valence electrons into a
singlet quasi-particle state called isoelectronium. In this paper we introduce, apparently for the first time, the
isochemical model of the water molecule which is characterized by two isoelectronia, one per each H~O dimer and
show that the model: (1) introduces a new strong force responsible for the molecular bond; {2) explains the reason
why the water molecule has only two hydrogen atoms; (3) provides an accurate representation of the binding energy
from the first axiomatic principles without ad hoc modifications; (4) permits a correct representation of electric and
magnetic moments; and (5) reduces by at least a factor of 1000 computer usages for calculations due to a much
faster convergent series. Experimental verifications, applications and novel predictions of the model are studied in
subsequent papers. © 1999 International Association for Hydrogen Energy. Published by Elsevier Science Ltd. All

rights reserved.

1. Intreduction

Water is an extremely important compound on
Planet Earth in a biclogical as well as geophysical
sense. For this reason, it has been subjected to compre-
hensive studies conducted since the beginning of quan-
titative science with outstanding results (see, e.g., Refs.
[1,4,14,38,17,21]).

Despite that, a number of fundamental issues on the
structure of the water molecule remain still open at the
time of writing. Among them we note: the inability to
explain why the hydrogen and water molecules only
have two H-atoms (because the admitted forces, such
as the exchange and van der Waals forces, are of
nuclear type thus, being conceived and applicable for
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an arbitraryv number of constituents); the binding
energy still misses 1 to 2% under the strict implemen-
tation of the quantum axioms; accurate representations
are based on structural changes of the Coulomb law,
such as via Gaussian screenings whose axiomatic impli-
cations require a specific study; larger percentages are
missing in the representation of electric and magnetic
moments (which sometimes even have the wrong sign);
calculations continue to require large computer times
because of poorly convergent series; we still miss an
explanation of the electron ‘correlation energy’; and
other still open basic issues.

When passing from the structure of one water mol-
ecule to more general profiles, the number of open
basic issues increases. For instance, it is generally
admitted that quanturn chemistry has been unable to
provide a systematic theory of the liquid state in gen-
eral, let alone that of the water in particular.

Also, chemical reactions in general are irreversible,
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while the axiomatic structure of quantum chemistry is
strictly reversible because the theory is strictly
Hamiltonian and all known potential forces are revers-
ible, This results in a seemingly irreconcilable incom-
patibility of the very axiomatic structure of quantum
chemistry with chemical reactions in general, and those
involving water in particular. In fact, there is no
known rigorous way in which the reversible axiomatic
structure of quantumn chemistry can be turned into the
irreversible form needed to represent irreversible events
of the chemical reality. .

When passing to water as a constituent of biological
entities, the limitations of quantum chemistry reach
their climax. In fact, biological structures such as a cell
are not only irreversible (because they grow, age and
die), but have such a complex structure to reguire
multi-valued theories (also known in mathematics as
hyperstructures). The expectation that quantum chem-
istry, with its reversible and single-valued structure,
can effectively represent biological structures and their
evolution is beyond the boundaries of science.

In view of the above limitations, in the preceding
paper Ref. [2,24-29] we have constructed a covering of
quantum mechanics under the name of hadronic mech-
anics. In essence, the two mechanics coincide every-
where, except the region inside a sphere of radius of
the order of 1 fm (=10"" ¢m) called hadronic horizon
in which the broad theory holds, Hadronic mechanics
then results to be a form of ‘completion’ of quantum
mechanics much along the lines of the historical
Einstein-Podolsky—Rosen argument, although
achieved via the addition of contact, nonHamiltonian,
nonlinear, nonlocal and nonpotential forces due to
deep overlapping of the wavepackets of particles.

On more technical grounds, hadronic mechanics is
based on new mathematics, called iso- geno- and
hyper-mathematics for the characterization of general-
ized reversible, irreversible and multivalued systems,
respectively.

On pragmatic grounds, hadronic mechanics can be
easily constructed via a step-by-step transform UU?' of
all aspects of quantum mechanics which is equal to the
unit (unitary) everywhere, except inside the hadronic
horizon {where it is nonunitary}). NonHamiltonian
effects due to deep wave overlappings can therefore, be
easily added to a conventional model (when appropri-
ate) via nonunitary transforms of the latter.

Following the construction of hadronic mechanics,
the authors have constructed a corresponding covering
of quantum chemistry under the name of hadronic
chemistry [3,30], which also comprises three different
branches, isochemistry for the representation of revers-
ible yet generalized structures; genochemistry for the
representation of irreversible structures; and hyperch-
emistry for the representation of irreversible multi-
valued structures.

Isochemistry was then applied for the construction
of a new model of the hydrogen molecule and proved
that it does resolve at least some of the insufficiencies
of quantum chemistry, such as an explanation that the
molecnle has only two H-atoms; a representation of
the binding energy exact to the seventh digit; computer
calculations which converge at least 1000 times faster
than those of quantum chemistry and other advances.

In this paper we shall study the isochemical branch
of hadronic chemistry; we shall submit, apparently for
the first time, the isochemical model of the water mol-
ecule; and we shall show that it does indeed permit the
resolution of at least some of the insufficiencies indi-
cated above.

A technical understanding of this paper, requires at
least some knowledge of Refs. [2,24-29,3,30] whose
review is omitted here for brevity.

2. Exactly solvable isochemical model of the water
molecule with stable isoelectronium

In the preceding paper Ref. [3] we have introduced
the main hypothesis of the isochemical molecular
model according to which two electrons from two
different atoms bond themselves into a singlet quasista-
ble and quasiparticle state called isoelectronium which
describes an oo-shaped orbit around the nuclei, as it is
the case for planets in certain binary starts.

The main characteristics of the isoelectronium in the
first nonrelativistic approximation were calculated and
resulted in being: charge —2e, spin 0, magnetic dipole
moment 0, mass 1.022 MeV and radiug

re = b m (i imV )2 = ( fmcg)'
= 6.8432329 x 107" cm = 0.015424288 bohrs
= 0.006843 A. )

In the above nonrelativistic approximation, the mean
life resulted in being infinite (full stability, see Ref. [3],
Section 5 in general and Eq. (5.11) in particular), with
the understanding that relativistic corrections are
expected to render it finite (partial stability). All con-
ventional forces of current use in chemistry (the
exchange, van der Waals and other forces) then hold
between the isoelectronium and the remaining elec-
trons.

The model was applied to the isochemical model of
the hydrogen molecule and implied: (1) the introduc-
tion of a new bonding force given by the Hulten force
besides thase in current use, which is so strong to over-
come the repulsive Coulomb force (see Ref. [3],
Section 5 in general and Eq. (5.6) in particular), thus
being capable of representing the strong molecular
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Fig. 1. A schematic view of the proposed isochemical model
of the water molecule which is depicted in terms of orbits of
the valence electrons (rather than in terms of density distri-
butions) when at absolute zero degrees temperature and in the
absence of rotations, vibrations, translations and other
motions. The fundamental assumption is that the two valence
electrons, one per each pair of atoms, correlate themselves
into a bonded singlet state at a short distance we have called
isoelectronium, which is assumed to be stable. In this case the
only orbit yielding a stable water molecule is that in which
the isoelectronium describes an oo-shaped orbit around the
respective two nuclei of the H- and O-atoms. The isoelectro-
nium is then responsible for the attractive force between the
two atoms, The binding energy is instead characterized by the
oo-shaped orbit of the isoelectronium around the two nuclei,
conceptually represented in this figure via a standing wave for
a particle of spin 0 and charge —2e, In this way the water
molecule result in being characterized by two isoclectronia,
one per each dimer H-O. The water molecule is then reduci-
ble to two intersecting H-O dimers with a common O-atom.
Note that, already in the absence of molecular motions, the
orbits of the two isoelectronia are perpendicular to the H-O-
H plane, thus confirming a characteristic of the water mol-
ecule indicated in Ref.[1]. Needless to say, when rotations are
added, they imply the rotation of the orbits of the isoelectro-
nia around their individual symmetry axis, resulting in two
spherical distributions of the electrons, thus recovering con-
ventional spherical charge distributions. Conventional
exchange, van der Waals and other forces then imply the
reconstruction of the conventional charge distributions [1].
The model then permits a representation of: (1) the strong
value of the molecular bond; (2) the reason why the H.O)
molecule has only two hydrogen atoms; (3) the exact rep-
resentation of the binding energy, electric and magnetic
moments; and other advances studied in the text. The model
of the H~O dimer studied in the text is then extendable to
other H-based dimers, such as H-C.

bonds as occurring in reality; (2) the immediate expla-
nation of the reason why the molecule has only two
hydrogen atoms, evidently because, once the two elec-

trons of the H. molecule are bonded into the isoelec-
tronium, there is no possibility of bonding a third one;
(3) a representation of the binding energy of the
hydrogen molecule accurate to the seventh digit; (4) a
decrease of computer usage for calculation at least
1000 fold; and (5) other advances studied in sub-
sequent papers, such as the impossibility for the mol-
ecule to acquire a net magnetic polarity because the
two o-branches of the isoelectronium orbit imply
opposite rotational motion, with consequently opposite
magnetic polarities in agreement with reality.

In this paper we introduce, apparently for the first
time, the isochemical model of the water molecule
H,0=H-0-H considered at °C and in the absence of
any rotational, oscillation or other motion. The main
hypothesis is that each electron from the two H-atoms
couples in singlet with one 2p electron from the O-
atom, resulting in two isoelectronia, one per each H-O
dimer as in Fig. 1.

According to this model, the bonding force between
the two H- and O-atoms is given by the Hulten force
between the two valence electrons in the isoelectronia,
plus contributions from the conventional exchange,
van der Waals and other forces. The binding energy is
instead characterized by the two oo-shaped orbits of
the isoelectronia around the H~O-H nuclei.

Again, in the first nonrelativistic approximation we
shall assume in this section (see next section for a
different assumption) that the two isoelectronia of the
water molecule are permanently stable and have
charges —2e, spin 0, magnetic dipole moment 0, and
the same radius as that in the H, molecule, Eq. (1). On
the contrary, the radii of the two oo-branches of the
H-O dimers are expected to be different between them-
selves, as well as different than the corresponding
value in the H, molecule.

In this section we shall introduce, apparently for the
first time, a hadronic/isoschroedinger equation for the
water molecule which is evidently approximate, yet
exactly solvable. We shall then show that the model is
extendable to all other dimers comprising one hydro-
gen atom, such as H-C.

For this purpose, we approximate the H-O-H mol-
ectle as being composed of two intersecting identical
dimers H-O with evidently only one oxygen atom.
This requires a first correction due to the lack of inde-
pendence of sald dimers reviewed in Section 3.
Moreover, in each H-O dimer we shall assume that
the oxygen appears to the isoelectronium as having
only one net positive charge +¢ located in the nucleus.
This evidently requires a second correction which
essentially represents the screening of the various elec-
trons of the oxygen. Additional corrections are also in
order along conventional lines [1].

A study of these corrections has indicated that they
can all be represented via one single Gaussian screen-
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ing of the Coulomb law of the type

+e  +e(l+e)
—— ————
F r

2

where f§ is a positive parameter to be determined from
experimental data, the sign — applies for the screened
O-nucleus as seen from an electron (because of the
repulsion caused by the electron clouds of the oxygen),
while the sign + applies for the screen O-nucleus as
seen from the H-nucleus (because of the attraction this
time caused by said electron clouds).

The resulting model is structurally equivalent to the
isochemical model of the hydrogen molecule of Ref.
[3], except for the modifications indicated about, and
can be outlined as follows.

By denoting with the sub-indices 1 and a the hydro-
gen, 2 and b the oxygen, prior to the indicated screen-
ing and in the absence of all hadronic effects, the
conventional Schroedinger equation of the H-O dimer
with the oxygen assumed to have only one elementary
charge +e in the nncleus is given by
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As it was the case for the Ho-molecule, our task is that
of subjecting the above model to a transform which is
nonunitary only at the short mutual distances
re=b"1=r;, of the two valence electrons (here
assumed to be inside the hadronic horizon), and
becomes unitary at bigger distances I, <107 cm 1,
I;>107"* cm=1. This guarantees that our isochemical
model coincides with the conventional model every-
where except for small contributions at small distances.

We assume that the state and related Hilbert space
of systems (3) can be factorized in the familiar form
(in which each term is duly symmetrized or antisymme-
trized)

[ 9) = i) x [ X [ )+ Do)+ | Yok | ¥gr),

Hror = Hia X H)a X Hip X Hog X Hop x Hr. 4

The nonunitary transform we are looking for shall act
only on the ry, variable characterizing the isoelectro-
nium, while leaving all other variables unchanged. The
simplest possible solution is given by

" ~t n
25 d. 3 L3
U("lz)UT(r‘lz)zlme[%fl(ru)/lﬁ(fu)]f b by sy

where the y’s represent conventional wavefunction and
the Y’s represent isowavefunctions.

We now construct the isochemical model by trans-
forming short-range terms (isochemistry) and adding
untransformed long-range ones {(chemistry), thus
resulting in the radial equation

_ﬁvg_ff_vg+if‘_f__e_2“i
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By using the derivation of Ref. [3] and by recalling
that the Hulten potential behaves at small distances
like the Coulomb one, Eq. (6) becomes

_h_zv%_ﬁvg_y_f_jii_g_i_i
25 245 lwe=m20  ry iy
Q)
e? e e\ - -
4 = E| ).
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The above model can be subjected to an important
simplification. In fact, in the first approximation herein
considered, the H-O dimer (7) can be reduced to a
restricted three body problem similar to that possible
for the conventional Hy ion [1], but not for the con-
ventional H, molecuie, according to the equation

2 2 —~rzb 2 2
_ _75" V% _ zz__ V% _ e 2e 2e
2 24 l—emb  p

2

“'“E) 1 =E1h).

The indicated corrections due to the screening of the
various electrons in the oxygen and other corrections
are needed in the ‘sensing’ of the O-nucleus by the iso-
electronium as well as by the H-nucleus, yielding in
this way our final model

2 2 —ryah 2
g gy et X
2 2u, 1—e-md p,
)
2e2(1 —e™)  e?(l ek . -
_ 2K NRA G ) NI T
g R

where « is a positive parameter and E is half of the
binding energy of the water molecule.

Under the latter approximation, the model permits,
for the first time to our knowledge, the achievement of
an exact solution for the structure of the water mol-
ecule which however, exists only for the case of the
fully stable isoelectronium. In fact, for the unstable



R.M. Santilli, D.D. Shillady { International Journal of Hydrogen Energy 25 (2000) 173-183 177

-

isoelectronium the model becomes a four-body struc-
ture which, as such, admits no exact solution.

Besides being exactly solvable, model (9) exhibits a
new explicitly attractive force among the neutral atoms
of the H-O dimer which is absent in conventional
quantum chemistry; the equation also explains the
reasons why the water molecule admits only two H-
atoms; as we shall see in the remaining sections, the
model also permits the exact representation of the
binding energy, electric and magnetic moments; the
. model also yields much faster convergence of a series
with much reduced computer times, and resolves other
insufficiencies of conventional models.

Finally, the model is evidently extendable with
simple adjustment to an exact solution of other dimers
involving the hydrogen, such as H-C. In addition, it
permits the identification of eclectric and magnetic
polarizations which are not predictable with quantum
chemistry.

3. Gaussian approximation of the isochemical model of
the water molecule with unstable isoelectronium

The solution of the exactly solvable Eq. (9) will be
studied elsewhere. In this section we shall study a
Gaussian approximation of the isochemical model of
the water molecule in which the Hulten potential is
essentially approximated to a certain Gaussian form.

It should be indicated from the outset that such an
approximation implies an evident weakening of the
Hulten attraction among the two isoelectrons of the
isoelectronium which, in turn, implies the instability of
the isoelectronium itself, thus reaching a model which
is somewhat intermediate between the full isochemical
model and the conventional quantum mechanical
model of the water.

Despite this approximate character, the resulis of
this section are significant because they show the capa-
bility by isochemistry to achieve an essentially exact
representation of the binding energy, electric and mag-
netic moments and other characteristics of the water
molecule.

But any potential can be exactly reproduced by a
sufficient number of Gaussians, including the Hulten
potential. Therefore, the exact representations of this
section reached for only one Gaussian can be evidently
expected to persist for the full isochemical model.

Finally, Gaussian and other screenings of the con-
ventional Coulomb law are now known to be outside
the equivalence class of quantum chemistry because
they require a nonunitary transform [3]. The Gaussian
approximation of this section is, therefore, fully within
the basic, nonunitary, axiomatic structure of hadronic
chemistry, while similar screenings have questionable

axiomatic foundations when believed to be part of
quantum chemistry.

The results of this second study can be outlined as
follows. Since HOOH will be slightly more ‘allowed’
under collisions of HO™ with neutral H-0O and the in-
ternal repulsion within the anion could favor the
release of (2¢)~2 to form OH™. Collisions of OH™
with OH™ will then further enhance the concentration
of HOOH and transport of (-—2e) will contribute to
the current.

The question here is whether under extreme cases of
forced conduction a singlet-pair of electrons (isoelec-
tronium, can be ‘triggered’ (in the nomenclature of
Santilli [6] and Animalu and Santilli {31} within a
water molecule to form and release a —2e charged iso-
electronium particle which will provide an additional
conduction mechanism analogous to Cooper-pairs of
electrons in superconducting solids. Since the energy
depth of the ¥V, parameter in the isoelectrenium
Hulten potential of the original 1978 derivation by
Santilli [6] and Animalu and Santilli [31] is not known,
nor how closely the Gaussian representation fits the
Hulten form, we can only match the radius of the two
potentials and calculate the energy differences caused
by the ‘sticky-electrons’ model in which a transient
form of isoelectronium can occur (the Gaussian poten-
tial may well not be deep enough to ensure a perma-
nent bound state for isoelectronium).

The ‘sticky-electron’ model is a parametric model
which includes the magnetic dipole atiraction
between singlet-paired electrons as well as the nonlo-
cal merging of the wave-packets of each electron at
short distance. The radius of the Gaussian screening
is then determined empirically by fitting the calcu-
lated energy as nearly as possible to the most accu-
rate energy values available. As used here it should
be emphasized that the off-axis positions of the
Gaussian-lobe basis sets [7,8,32-36,5,43,37] ensure
that angular correlation is included as well as radial
dependence and can include the magnetic dipole
attraction of opposite electron spins as well as mer-
ger of wavepackets. One radial screening parameter
used with off-axis basis sets parametrically covers all
forms of short range attraction which may include
angular dependence. Thus, the present model can
give us an approximate energy difference required to
release an electron-pair from OH™.

OH™—OH' - e, (10)

It will be seen below that the energy difference between
OH™ and OH™ as calculated, allowing a transient
form of isoelectronium, is well within the voltages
accessible using capacitive discharge through water.
Such a mechanism which would allow (—2e) particles
o flow through water would not be superconductivity
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since the freely moving molecules and ions are not
constrained to lattice positions as in solids so that
resistive 7°R heating will still occur. This is mainly due
to the fact that conduction in liquids occurs by mobi-
lity of both anions and cations along with size differ-
ences, polarizability differences and special mechanisms
such as the hydrogen-bonding ‘domino’ effect for H™
transport. In solid-state conduction only the electrons
move (ignoring in-place phonon oscillations because
_ the atoms do not travel from one electrode to the
other; the apparent motion of positively charged
‘holes’ is also due to the motion of electrons while the
atoms merely oscillate about the mean lattice pos-
itions), but in solutions there is two-way traffic with
positive and negative ions traveling in the opposite
directions and with differing velocities; this will cer-
tainly lead to resistive heating even up to the vaporiza-
tion of the water as well as a high probability of ion
collisions. It should be noted that in recent work
Zhitenev et al. [10] have measured migration of paired-
electrons to quantum dot wells in Gaas and Boyd and
Yee [11] have observed ‘bipolaron’ electron pairs in
alkali halide lattice vacancies. Calculations leading to
unexpected bipolarons in crystal lattice vacancies have
also been observed by using the method of Fois et al.
[12]. These findings in solids lend support to the con-
cept of an electron pair as an individual particle, called
isoelectronium here.

The calculations given here do not prove the pre-
sence of isoelectronium particles in high current aqu-
eous electrical conduction, they only indicate the
energy threshold necessary to form (—2e) within the
conducting solution by double-ionization of OH™. It is
not easy to envision an experiment that would be able
to analyze componenis of a given current due to a
multiple ion species in terms of the amount of current
due to (—2e) particles and nome is proposed here.
However, there may be a chemical test for such a
mechanism. Once OH™ is double-ionized to form
OH ™, collisions with (—2¢) particles would regenerate
OH™ ioms just as collisions of H* with OH™ will
reform H,;0 and no new species will be evident.
However, if OH™ collides with OH* a new chemical
species (HO-OH) will be formed that may last long
enough in the ‘liquid plasma’ to behave as a strong
oxidizing agent. Thus, organic compounds with double
bonds (alkenes) which have negligible conductance
could be added to water undergoing a high current
flow to cause hydroxylation of such compounds [13]
(i.e., conversion of alkenes to epoxides which are then
readily hydrolyzed in the presence of H™ to djols).
Enhanced concentrations of epoxides and diols would
be indirect evidence of double ionization of OH™.

OH" + OH - HO-OH
CH,=CHR + HO—OH-—>CH=CHR + H,0
\O/

(11)

If isoelectronium can be detected indirectly by a chemi-
cal method this would in itself be an important infer-
ence on the existence of a two-electron, spin-paired
particle. More important, ‘isochemical reactions® could
be driven by high conduction ‘liquid plasma’ environ-
ments where isoelectronium is at an enhanced concen-
tration.

Another case of interest is that of aqueous ‘mixtures’
of insoluble organic compounds forming a separate
‘oil layer’ over water in an intense magnetic field of
several Tesla. At normal thermal energy of room tem-
perature kKT (RT per mole) the main energy form
would be a random Brownian motion. However, in the
presence of a strong magnetic field HO' and HO™
would be constrained to favor circular motions in the
magnetic ficld by the ‘cyclotron effect’, but there is no
obvious source of HO™. Since two ions of opposite
sign charges would be favored to collide by both elec-
trical attraction and by opposite path curvature in a
magnetic field, there is an enhancement that when cre-
ated as a normal result of the (H*, OH™, H™, H,0,,
HO7, H,0) equilibrium system studied by Pourbaix
[5], any natural concentration of HOOH would be
augmented by collision of H™ with HOO™. In addition
there is some slight change that H™ would collide with
OH™ with sufficient excess energy to produce OH™
and H™. Thus, the presence of an intense magnetic
field

H* + HOO~ —»HOOH, (12a)
HY +OH —H~ + OH* (12b)
OH* + OH™ —HOOH (12¢)

would cause positive and negative ions to collide more
easily while traveling in the opposite rotational arcs in
such a way as to enhance the concentration of HOOH
which could then epoxidate alkenes and upon hydroly-
sis would lead to diols. A direct measure of this effect
would be to determine the enhanced solubility of
alkenes in water. The alkenes are only slightly soluble
in water (‘oil and water do not mix’) but alkenes con-
verted to diols will have a measurably greater solubility
in water due to the attached ~-OH groups. Again, if
such enhanced solubility of alkenes in water can be
caused by intense magnetic fields, this would be indir-



R.M. Santilli, D.D. Shillady | International Journal of Hydrogen Energy 25 (2000} 173-183 179

ect evidence of the existence of an electron-pair par-
ticle.

Note below in the description of the calculations
that the key to this work is that it is easy to calculate
the energy of OH™ when one subtracts a small amount
from the two-electron repulsion terms in the usual
HFR-SCF treatment due to the attraction of singlet-
paired electrons at close range within 1.0 picometer. In
the recent ‘Handbook of Computational Quantum
Chemistry’ by Cook [14,38] (p. 438) it is noted that
- solutions to the HFR-SCF scheme may not always
exist for anions! However, in the method used here
convergence of the HFR-SCF process was normal for
an 8CF process, presumably because the so-called
‘self-energy’ error of the Hartree—Fock method [15]
{each electron repels all electrons including itself) is lar-
gely cancelled by the new attractive terms used here. In
effect this description of OH™ is possible because of
the easy convergence of the ‘correlated-SCF’ process.

The model adopted here is to use the usual Hartree—
Fock—Roothaan self-comsistent-field equations [16]
{which also has some formal flaws such as the self-in-
teraction terms [15]) and question the form of the
Coulomb interaction of the electrons. Note that redu-
cing the values of the Coulomb integrals will lower the
energy by reducing the electron—clectron repulsion
while reducing the exchange terms will raise the
energy, but the (1/2) factor reduces the effect of the
exchange terms. Thus, a reduction of the value of the
integrals will lower the energy. Note that Goodgame
and Goddard [15] have already recommended reducing
the atomic seif-energy by subtracting 1.39 eV from
Hartree—Fock exchange integrals in the cases of Cr»
and MQ,,

FC = ESC;
Fij=Hyj+XZpe G j/k, 1) (13a)

G, jfk 1) = jJx.-(l)x,-(l)/(i/ru)/xka)xl(z)dn drs,
(13b)

P j=2F,cn, icy ;

(13¢c)
(sum » only over occupied orbitals).

The 1995 paper on Cooper pairs by Animalu and
Santilli [31] invokes the nonlocal hadronic attractive
force evident in the n®-meson as applied to a pair of
singlet-paired electrons which form a boson quasi-par-
ticle. However, the ‘collapsed’ positronium rapidly
decays since the particle—antiparticle annihilation takes

place in less than a picosecond. In the electron—elec-
tron case it is believed that there may be a stable
quasi-particle. After using a nonlocal isotopic non-
linear transformation, the hadronic attraction was
transformed back to real-space and modeled with a
Hulten potential. In this work considerable effort was
made to evalnate the matrix elements for the Hulten
potential without success. Examination of the original
1978 paper on positronium collapse by Santilli [6] and
Animalu and Santiili [31] revealed that the Hulten po-
tential is not necessarily a unique representation of the
hadronic force; at least a linear combination of similar
potentials could be used to represent the Hulten if the
matrix element of such other potentials could be evalu-
ated. The depth of the screened Gaussian approxi-
mation is determined here by requiring that the width
at half height of the Gaussian is equal to the ‘D’ value
of the Hulten ‘horizon’, the radius at which the
Coulomb repulsion is zero. Thus, the screened-
Gaussian potential probably has a depth which is too
shallow, although the ¥V, depth parameter for the
Hulten potential is not known at present.

This work assumes that until the matrix elements of
a two-electron interaction for singlet-pairs can be
found for the Hulten potential, a Gaussian-screened-
Coulomb potential can be used to describe the real-
space form of the hadronic attraction and a parameter
fitted to experimental energies the screening exponent
probably includes other effects such as the magnetic
dipole interaction of two electrons with opposite spin-
magnetic-moments. This form has the important prop-
erty that it can be merged with the general case of the
four-center Coulomb or exchange integral derived by
Shavitt [17] using the famous Gaussian transform tech-
nigue,

The Gaussian transform two-electron integral, for
four Gaussian spheres has been used in a number of
Gaussian-lobe basis SCF programs written by Mosier
and Shillady [18], Shillady and Baldwin [39], Shillady
and Talley [19], Shillady and Richardson [40] and
others. It is important to note that the formula is com-
pletely general in orientation of four Gaussian sphere
lobe-orbitals as well as the distance between two elec-
trons. As modified for description of correlation of
two electrons, such a general formula can describe
angular correlation as well as distance interaction.
Thus, matrix elements of a screened-Coulomb inter-
action were subtracted from the usual (1/r) Coulomb
repulsion to model the real-space form of the hadronic
attraction of two electrons. This work added the
Gaussian screening as exp(—or2)/r so that the special
properties of Gaussians could be used, especially the
properties that the product of two Gaussians form
another Gaussian (times a rec-entering factor) and that
polar coordinates readily separate into factorable x, y
and z components. The goal is to evaluate the two-
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Table 1
Isoelectronium results for selected molecules®

OH* OH~ H-0 HF
SCF-energy (DH) —74.860377 —75.356624 -76.058000 - 100060379
Hartree—-Fock® ~100.07185°
Iso-energy” —75.056678 —75.554299 —76.388340 —100.44802%
Horizon RC (A) 0.60038 0.00038 0.00038 0.00030
QMC energy™? —76.430020° —100.44296°
Exact non-rel. —100.4595°
Iso-dipole (D) 5.552581 8.638473 1.847437 1.8413778
Exp. dipole 1.84 [2] 1.82

2 Notes: (HD ") Dunning-Huzinaga (10 8/6P), [6,2,1,1,1/4,1,1]+ H251 + H2P1 + 3DI.

Y Iso-energy calibrated to give maximum correlation for HF.

€ Hartree—Fock and QMC energies from Luchow and Anderson [22].

4QMC energies from Hammond et al, [21].

electron four-center matrix clements of the Gaussian-
screened-Coulomb potential shown below.
Y(r) = (1 -2 exp[—(@)]/r. (14)
Amazingly, the Gaussian-transform variable s’ can be
simply shifted by the ‘¢ value of the screened-
Gaussian exponent and carried through the original
derivation until the last step when integration over ‘s’
is required. Alpha is usually a very high number, this
work used 0.13441885 x 107, At this point the usual
Coulombic interaction resorts to a well-known auxili-
ary function Fy which has been studied by Mosier and
Shillady [18], Shillady and Baldwin [40] and others.
Since both 5* and (s+ )" occur in the denominator
of the screened-Coulomb form, two poles occur in the
integral. A change of variable absorbs the pole due to
(s+a)""? and shifts the other pole due to ()™ to
the lower limit of the integral. A smooth spike is evi-
dent at the lower limit of the numerical integration
using a 70 point Simpson’s rule integration (two ranges
are used with 20 points more closely spaced near the
pole and 50 points for the remaining range).

This work was carried out using 64 bit double pre-
cision arithmetic which provides 14 significant figures.
A simple offset (8) of 1.0 x 107!° has provided useful
results with this simple offset to avoid numerical over-
flow. While this pole is formally a problem in needing
a continuous function to integrate, numerical inte-
gration seems to handle this well out to 14 significant
figures; particularly since the routines used for the
Coulombic integrals are known to be accurate only to
12 significant figures. The area under the pole-spike is
estimated as a narrow triangle upon a rectangle
1.0 x 107!% wide with the height of the triangle set at
3.43207 x 10° times the height of the point set
1.0 x 107" into the range of integration (the first
Simpson point). The present code for this screened-

Coulomb integral is presently slower than the corre-
sponding Fpe [17] function used for the Coulombic
integrals due to the 70 point Simpson integration, but
the integrand is nearly flat after the spike at s = 0.0 so
that the portion of the integrand can be evaluated
more rapidly with fewer points. For the results pre-
sented here, the simple offset of the lower limit by
1.0 x 107%% is adequate for this report. Further details
on the auxiliary integral can be found in a previous
paper on the H, molecule [20,41,42). Work in progress
indicates it may be possible to express the new auxili-
ary integral to an analytical expression involving the
Erf(x) function, but until further checks are completed
this work used the Simpson integration. Note the inte-
gral is a result of a simplification of a 12-fold inte-
gration over the volume elements of two electrons and
has been reduced to a one-dimensional integration
multiplied by appropriate factors.

4, Results

The geometry given for H,O by Dunning [20,41,42]
was used to carry out the usual HFR-SCF calculation
after an additional 3 d orbital mimic [19,40] was opti-
mized for the O-atom and (2 S,2p) orbitals were added
for the H-atoms. The exponent for the O3 d orbitals
was optimized to three significant figures and the
(03 d,H2 s5,HZp) exponents were (2.498, 0.500, 1.000}.
These polarization orbitals were added to the
Dunning—Huzinaga (10s6p) [20,41,42] basis with the
H1 s orbitals scales to 1.2 which produced a lower
energy than that of a 6-31G™ basis using the
GAMESS program. The bond length of OH™ was
optimized using GAMESS at the 6-31G™ basis level
and fund to be 1.0062 A. The same bond length was
used for OH™ since the anion calculation using the

>~



R.M. Santilli, D.D. Shillady { International Journal of Hydrogen Energy 25 (2000) 173-183 181

-

usual HFR-SCF process was not feasible and in any
case the bond length is only slightly longer than that
in water. The horizon cutofl value of 0.00038 A opti-
mized for H,O was also used for OH™ and OH™. The
spike in the numerical integral routine was optimized
by fitting the r. cutoff value so as to obtain as near as
possible the non-relativistic energy of the HF molecule
as determined from quantum Monte Carlo calculations
[21]. The dipole moments for the ions are not very use-
ful since ion dipoles are origin dependent, but they
. were calculated using the center-of-mass as the origin.

As we see in Table 1, the difference in energy
between OH™ and OH™ is 0.497621 hartrees (13.54
electron volts) according to the correlated-SCF calcu-
lations. It is clear from the standard SCF energy value
for H,O that this basis is very good, but not quite at
the Hartree—Fock limit of energy. In addition, the fit-
ting of the numerical integration spike so as to nearly
reproduce the total energy of HF is not exact. These
two artifacts introduce an energy unceriainty of about
0.0115 hartrees, but this is less uncertain than that of
the guantum Monte Carlo energy of Luchow and
Anderson [22]. Note that the iso-dipoles for H,O and
HF are very close to the experimental values which in-
dicate that the calculated wavefunctions are of high
quality as well as the energy values.

Since the ionization energy of a neutral H-atom is
13.60 eV and the energy difference of 13.54 eV would
convert OH™ to OH™, a threshold of about 13.7 eV
should maintain H™ in a solution as well as transfer
(—2e) through an aqueous solution to or from the
OH™JOH™ system. These calculations indicate that
there may be an enhancement of current flow above a
potential above 13.7 V across an aqueous cell and that
the enhanced concentration of HOOH may be measur-
able above a potential of 13.7 V. It is worth repeating
that this estimate is possible largely due to the easy
convergence of the correlated-SCF process for a nega-
tive ion species; a process which is formally not defined
under the wusual Hartree—-Fock—Roothaan process
[14,38] and most quantum chemists are familiar with
the difficulty in treating negative ions using the stan-
dard Hartree-Fock-Roothaan method.

Admitting that the correlated-SCF equations are a
parametrized approximation of the Santilli derivation
of the Hulten potential [6,31] for a bound electron-
pair, the method has the advantage of easy incorpor-
ation into an existing Hartree—Fock—-Roothaan
Gaussian basis program merely by subtracting a small
‘correlation integral’ from the usual two-electron inte-
grals. With some thought one should realize that fitting
the single parameter (Gaussian screening exponent, o)
to experimental energies and/or quantum Monte Carlo
results will incorporate another attraction in the form
of a magnetic dipole interaction between the spin
moment of paired electrons. Including the magnetic

dipole interaction and substituting a Gaussian form
for the Hulten exponential potential leaves only a
simulation of the bound electron-pair ‘isoelectronium’
predicted by Santilli. Thus, these results are for a
model in which the usual HFT-SCF method is cor-
rected for at least two attractive interactions of elec-
trons causing them to approach each other as if they
were ‘sticky’; hence the term ‘sticky-electron-pair
model”,

3. Conclusions

In the preceding paper [3,30] of this series we have
presented a covering of quantum chemistry under the
name of hadronic chemistry and applied the new disci-
pline to the construction of a new modei of molecular
structures based on the bonding of a pair of valence
electrons from different atoms into a singlet quasi-par-
ticle state called isoelectronium. In the preceding paper
[3] we then applied the model to the structure of the
hydrogen molecule by achieving results such as: a rep-
resentation of the binding energy and other features of
the hydrogen molecule accurate to the seventh digit;
an explanation of the reason why the hydrogen mol-
ecule has only two hydrogen atoms; a reduction of
computer usage at least 1000-fold; and other advances.

In this paper we have applied the isochemical model
of molecular bonds to the water and other molecules
with similar results. In fact, the isochemical model of
the water and other molecules presented in this paper
is supported by the following conceptual, theoretical
and experimental evidence:

1. It introduces a new strong binding force (which is
absent in current models) capable to explain the
strength and stability of the molecules.

2. It explains the reason why the water molecule has
only two hydrogen atoms.

3. It permits a representation of the binding energy of
the water and other molecules which is accurate to
several digits.

4. It represents electric and dipole moments and other
features of the water and other molecules also accu-
rate to several digits.

3. It permits a reduction of computer usages in calcu-
lations at least 1000-fold; as well as permitting other
achievements similar to those obtained for the
hydrogen molecule.

Moreover, as it happened for the hydrogen molecule
{3,30], the value of the radius of the isoelectronium
computed via dynamical equations in Section 3 has
been fully confirmed by independent calculations for
the water and other molecules conducted via the
Gaussian-lobe basis set.

The emission of electron pairs in superconductivity
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has been emphasized in the preceding papers. We indi-
cate here preliminary yet direct experimental verifica-
tions of the isochemical model of molecular bonds
offered by the ongoing experiments on photoproduc-
tion of the valence electrons in helium indicating that
electrons are emitted in pairs [23]. The systematic rep-
etition of these experiments specifically for water is rec-
ommended here. The statistical percentages of electron
pairs over the total number of emitted electrons would
then establish whether the isoelectronium is fully or
- only partially stable,

We should also recall that Shillady’s computer pro-
gram of isochemistry, called SASLOBE, has been
shown in this paper to be capable of producing an
essentially exact representation of experimental data
on the water and other molecules 1000 times faster
than conventional programs.

We should finally note that the representation of the
binding energy, electric and magnetic moments and
other characteristics of the water and other molecules
exact to several digits confirms a main result of the
preceding paper [3,30], namely, the identification of ex-
perimental evidence on the insufficiency of quantum
mechanies and the validity of the covering hadronic
mechanics for the representation of nonlinear, noniocal
and nonpotential-nonunitary effects due to deep over-
lappings of the ‘extended wavepackets’ of electrons
with a ‘point-like charge structure’.

These results evidently provide sufficient credibility
to warrant systematic theoretical and experimental stu-
dies on the new isochemical model of water and other
molecules.

In closing, we would like to indicate, for future
study, that the new isochemical model of the water
molecule implies new predictions of theoretical and
industrial significance. In particular, in a future paper
we plan to present theoretical and experimental evi-
dence on an apparent enhancement of the energy con-
tent of hydrogen when subjected to certain magnetic
and other polarizations.

As additional possibilities we note that, in this work
the correlated-SCF method is used to easily obtain an
energy for the OH™ anion in water, while the OH™
ion is easily treated in either the standard or modified
method. The difference in energy between the eight-
electron OH™ system and the 10-electron OH™ system
is found to be 13.54 eV. This represents the energy
needed to remove (-2e) from OH~. This indicates
there may be a threshold for current flow in terms of
(~2e) as a quasi-particle in aqueous media at 13.6 eV,
This voltage will also maintain H* in a solution to
some extent. Organic alkenes in a solution should
undergo epoxidation followed by solvolysis to diols
under the conditions of abundant (—2e).

Another interesting result is that the natural trace
amounts of HOOH in water may be increased in water

by merely placing the sample in an intense magnetic
field. Positive and negative ions will traverse short arc
segment paths driven by simple thermal Brownian
motion in a way which will lead to an increase in col-
lisions of oppositely charged ions. In particular, OH™
and OH™ may undergo collisions more frequently
leading to an increase in HOOH.

This additional HOOH should then be available to
react with alkenes to form epoxides which will then
hydrolyze in water to form diols. Such diols would be
much more soluble in water than the original alkenes,
This leads to the important possibility that merely
exposing water-insoluble alkenes to water in a mag-
netic field will lead to a chemical reaction of the
alkenes to form modified compounds which are more
soluble in water. In other words, organic oils contain-
ing some double bonds may be made somewhat more
soluble in water just by mechanical emulsification of
the oils in water in an environment of a high magnetic
field.

Thus, mixtures of oils and water could be mechani-
cally agitated in a magnetic field of several Tesla to
produce new oils which are chemically similar to the
original oils (assuming a large organic structure) but
more soluble in water after exposure to the magnetic
field. There are numerous important applications of
such a process to ‘make oils water soluble’.

The industrial apphications of the above novel pre-
dictions are under development at various corporations
and they will be treated in detail in future papers.
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