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ABSTRACT
The abundant nitrogen in the Earth’s atmosphere can be interpreted as the result of endothermic nuclear
transmutation of carbon and oxygen atom pairs in (Ca, D) CO3 or CaCO3 aragonite lattice of Earth’s crust from
the Archean era to the present time, by physical catalytic help of excited electrons e* generated by stick sliding
due to plate tectonics and geoneutrinos ν by the radioactive decay of elements such as uranium and thorium in
Earth’s mantle: 12 C + 16 O + 2 D → 2 14 N + 2 4 He or 12 C + 16 O + 2e∗ + 2ν → 2 14 N + 4 He through a nuclear attraction effect that is due to deuteron catalysis of nitrogen formation. The relationship between the critical temperature T and the critical pressure P for the nuclear transmutation is expressed as 7253 × e−0.014P, and the formation
of nitrogen in the mantle is possible at temperatures ≥ 2510 K and pressure ≥ 58 GPa.
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1. Introduction
Nitrogen is an important component of all life-forms, but
a significant question regarding the origin of the nitrogen
that is abundant on Earth has not been resolved completely. The higher N/Kr ratio [1] in the atmosphere puts
severe constraints on the possibility of catastrophic degassing theory due to planetesimal impact [2]. From a
similar evolution for atmospheric nitrogen and argon on
Earth and Venus, the alternative possibility of a biological origin of nitrogen [3,4] in the deoxidizing atmosphere
of the early stages of the Earth appears to be poor. As far
as the origin of the nitrogen of the Earth was not contributed to collision of planetesimals with abundance of
nitrogen, we must inquire the answer into the Earth’s
crust and mantle. Indeed, nitrogen, like carbon dioxide,
enters the atmosphere from the depth of the Earth in the
degassing of the mantle [5-7].

1.1. The Previous Works
In previous papers [8,9], from wondering fact that the
main binding energy per nucleon of stable nitrogen nucOPEN ACCESS

leus (7.5 MeV) is lower than those (7.7 and 8.0 MeV) of
carbon and oxygen ones, respectively [10], the origin of
nitrogen is interpreted to be the result of the endothermic nuclear transmutation:
12

C + 16 O → 2 14 N

Q=
−10.47 MeV.

(1)

This reaction is due to two-body confinement of carbon and oxygen nuclei in MgCO3 carbonate lattice of the
mantle, which is mediated by nuclear attraction caused
by the catalysis of neutral pions, π˚, and taking into consideration the energy-momentum equilibrium [9]:
12

C + 16 O − 2πo =2 14 N,

(2)

which is based on an assumption that a parabolic increase
in nitrogen content correlated to an abrupt decrease in
carbon dioxide during the Archean era (3.8 to 2.5 billion
years ago) [11-17]. Pions are responsible for all lowenergy nuclear interactions [18]; the pions within the
nucleus allow the nucleonic species to bind together and
transmute with each other [19]. Kenny [20] has termed
Equation (2) as the “electropionic reaction”. The neutral
pion mass balance in Equation (2) is provided by emisJMP
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sion of two excited electrons [21], which are derived
from the carbonate lattice:
e − → e∗ , γ ,

(3)

γ + γ =πo .

(4)

where γ is photon.
On the other hand, the electron reacts with deuteron to
form neutral pion and an electron neutrino [20,22]:
e − + 2D → πo + ν + γ ,

(5)

Fukuhara [23] has reported the following formula for
the formation of helium:
2

4
D + 2 D + 4e∗ =
He.

(6)

From Equations (3)-(6), we actually got the following
weak dynamic interaction:
12

C + 16 O + 2e∗ + 2ν → 2 14 N + 4 He.

(7)

This reaction is facilitated by the electropionic attraction that is related to excited electron capture and neutral
pion catalysis [22]. Since Equation (7) is a non-equilibrium (irreversible) equation, it does not obey the rules
of parity and momentum balance. In the irreversible endothermic reaction proposed by Glansdorff and Prigogine [24], remarkable enhancement is expected on the
basis of the thermal factor of exp(−ΔG/kT), where ΔG is
the change of Gibbs energy for the whole system. The
excited electron e* in Equations (3) and (6) was generated by rapid fracture or sliding of carbonate crystals due
to volcanic earthquake during the Archean era [25], and
numerous neutrinos were derived from the universe,
mainly from the young sun. Based on the previous pioneering studies, furthermore, we proposed an alternative
possibility for the transmutation of nitrogen by the compression of CO3 anions in seawater at a critical depth of
10,250 m [26].

1.2. Recent Discoveries
The seismic electromagnetic activities, radio wave emission, lightening, etc., are explained by the electrical response of rocks with and without quarts [27,28]. Especially, exoelectron emission signals are associated with
stick-slip of solids along heat flow under high pressure
[29,30].
From quantitative analysis of climate change that the
total mass and pressure of Earth’s atmosphere have fluctuated significantly over geological time scales (i.e. over
hundreds of thousands to tens of millions of years), recently, Nikolov and Zeller [31] have asserted that the
nitrogen generation through nuclear transmutation did
not stop in the Archean era but continued up till now.
That is because atmospheric mass gets constantly dispersed into space, and without a continuous resupply of
OPEN ACCESS

nitrogen gasses from the crust, our atmosphere could not
keep the pressure needed to support life on Earth.
On the other hand, Scientists at KamLAND [32] and
Borexino [33] have detected signals of geoneutrinos
produced in deep in Earth’s mantle by the radioactive
decay of elements such as uranium and thorium at 2005
and 2007, respectively. In sharp contrast to solar neutrinos, a consistent emission of the geoneutrinos suggests a
significant enhancement of the reaction rate for formation of nitrogen. From these recent experimental data, we
must revise previous explanation for period of duration
in nitrogen formation, using calcium carbonates CaCO3
of main component of the crust.

2. Deuteron Catalysis of Nitrogen Formation,
Based on Double β Decay
Our next interest lies in studying the other possible formation of nitrogen by dynamic interactions between
carbon and oxygen atoms in the geophysical environment
of a carbonate (Ca, D)CO3 or CaCO3 lattice in mantle
under high-temperature and high-pressure conditions,
based on double β decay process, where D is deuteron.
We have briefly described neutral pion catalysis for
nitrogen formation, which is based on ordinary double β
decay [26]:

( Z, A ) → ( Z + 2, A ) + 2e− + 2ν,

(8)

where Z and A are atomic and mass numbers, respectively. It has been observed for 11 isotopes, 48Ca, 76Ge,
82
Se, 96Zr, 100Mo, 116Cd, 128Te, 136Xe, 150Nd and 238U. [34]
Indeed, the double β decay of 82Se and 128Te isotopes was
detected in the geochemical experiments [35].
On the other hand, these pairs can be also generated by
the double β decay of deuteron [36],
2

D → 4 He + 2e − + 2ν.

(9)

From Equations (7) and (8), we get a non-equilibrium
formula:
12

C + 16 O + 2 D → 2 14 N + 2 4 He.

(10)

−

Since occurrence of two e -ν pairs can produced by the
double β decay, the physical role of neutral pions is
equivalent to the addition of the e− and ν pair, as physical
catalysts of an endothermic nuclear transmutation. The
volatile helium gases generated in reaction. Equation (10)
would be released from the Earth’s atmosphere.
It is noteworthy that deuterium in cometary water is
enriched by factor of at least 10 relative to the D/H ratio
(0.0017) of the seawater on the present Earth [37]. If
seawater originated from the water-ice found in comets
or meteorites [38], it seems reasonable to assume that the
primitive seawater, which was abundant in heavy water,
played a definitive role in the formation of nitrogen. The
primitive seawater also formed D2CO3 for the absorption
JMP
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of CO2. When the D2CO3 is inserted into the calcite lattices of the crust of the Earth, we can assume a configuration and a cross-section of the D-inserted compound
(Ca, D)CO3 (Figure 1) [39]. High temperature and high
pressure accelerate the process described in Equation (9)
by endothermic reaction.
Assuming that the existence of the deuteron induces
the formation of nitrogen, as well as the neutral pion catalysis described in Equation (7) [8], a similar result
would be obtained for (Ca, D)CO3 on the basis of dynamic at traction, by combining the effects of screening
of free electrons and thermal activation. However, indeed,
Equation (7) would be dominated at present time, because of tiny deuterium content in the seawater on the
present Earth.

3. Nitrogen Formation in Aragonite Phase at
High Pressure and High Temperature
Since we can estimate that the calcite form, which is
thermodynamically stable under pressure below 100 GPa
and temperature between 3000 and 1000 K, is orthorhombic aragonite from P-T phase diagram reported by
Suito et al. [40], we used an extrapolated formula ρ =
0.113 P + 2.71 for high pressure density ρ of aragonite,
due to the lack of crystal lattice data for aragonite subjected to pressure P > 7.7 GPa. The densities of (Ca,
D)CO3 or CaCO3 at 50, 60, 70, 80, 90 and 100 GPa can
be estimated as 8.38, 9.51, 10.64, 11.77, 12.91 and 14.04
Mg/m3, respectively. From Equation (A1) in Appendix,

Figure 1. Configuration of (Ca, D)CO3 group atoms in (111)
calcite crystal planes. The CO3 group lies exactly midway
between the planes on which is sandwiched by (Ca, D)
planes, and in consequence the (111) planes have the structure (Ca, D)-CO3-(Ca, D). The atomic sizes are not necessarily to scale.
OPEN ACCESS
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we can assume the corresponding C-O bond distances 2r1
= 0.1009, 0.0968, 0.0932, 0.0900, 0.0873 and 0.0850 nm
[41], respectively. However, the smallest distance (0.0850
nm) is still large in the terms of the critical radius (0.079
nm) required for a dynamic nuclear reaction [19].
Since the pressures of 50, 60, 70, 80, 90 and 100 GPa
correspond to distances of around 1110, 1340, 1570,
1800, 2030 and 2270 km, respectively, below the surface
of the present Earth, we can estimate the corresponding
temperatures as 1105, 1439, 1774, 2109, 2443 and 2778
K, respectively [42]. From the effect of temperature on
the reaction rate k (Equation (A2) in Appendix) under the
repulsive interaction potential between the atoms, we get
the following example of shrunken distance at 80 GPa
(Equation (A4) in Appendix):
2r2 ≅ 2 × 0.862r1 = 2 × 0.862 × 0.6128 × ro
= 0.1554 nm.

(11)

This radius (0.078 nm) is somewhat smaller than the
critical radius (0.079 nm) required for a dynamic nuclear
reaction. Thus, the relationship between the critical temperature T and the critical pressure P for the reaction is
expressed as
T = 7253exp −0.014 P

(12)

Since the region with this temperature–pressure profile
corresponds to the zone of diamond formation in mantle
[43], the relationship in Equation (12) is shown in Figure
2, along with the diamond formation lines, the actual
temperature-pressure profile of the Earth [44], and estimated P-T phase boundary line between aragonite and
disordered calcite [40]. The critical temperature and
pressure, which correspond to the critical radius for the
dynamic reaction is 2510 K and 58 GPa, leading to man-

Figure 2. Critical temperature-pressure curve for nitrogen
transmutation, and the actual temperature-pressure curve,
diamond formation lines and estimated P-T phase boundary
line between aragonite and disordered calcite in the mantle.
JMP
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tle depth of 1290 km [4]. Therefore, it is possible that the
dynamic reaction occurs in an upper portion of the lower
mantle. The conditions required for the formation of nitrogen are more stringent than those for diamonds. Even
if in case (CaCO3) of deuteron free, highly active tectonic
plate movement accompanied by convection currents in
the Earth’s mantle (asthenosphere) would enhance the
nitrogen reaction via dynamic collision-induced fractonuclear transmutation [45] in Equation (7). Furthermore,
the subduction of lithosphere due to plate tectonics
would deliver high quantities of fresh calcium carbonates
to the upper mantle that serve as a raw material for large
amounts of nitrogen production. Schematic figure for
nitrogen for mation and discharge by convection currents
of asthenosphere is presented at Figure 3. In collision
zone of the convection currents, nitrogen would be
formed in lattices of aragonite carried by subduction of
lithosphere by physical catalytic help of excited electrons
e* generated by stick slipping of aragonite rocks and
geoneutrinos produced in deep in Earth’s mantle by radioactive decay of elements. The nitrogen and helium
gases discharge by volcanic and hydrothermal activities
into the atmosphere. Indeed, Craig et al. [46] have observed high (~16 times) helium isotope concentration
ratio (3He/4He) at the volcano area. The volatile helium
gases would be released from the Earth’s atmosphere to
the universe. Even if the convection current in the upper
mantle is viscous fluid, the nuclear reaction could be promoted. In fact, fusion reaction 6Li (d, α) 4He and 2H(d, p)

3

H with ~6.83 × 106 K were measured in liquid Li acoustic (ultrasonic) cavitation [47].
Here, we describe the natural conditions for diamond
formation. It is well known that natural diamonds crystallize directly from kimberlite rock melts that are rich in
calcite and found at depths of 1500 km or more inside the
Earth. The melts are essentially saturated in carbon dioxide gas at high pressures over 30 GPa and temperatures
≥763 K in deep in the Earth’s mantle, since the 12C/13C
ratio of a diamond shows that it arises from carbon dioxide [46]. Furthermore we note that platesets of polycyanogen (C3N) are dispersed in kimberlite rocks [48].
The type Ia diamond contains maximally 2%-mil nitrogen [49]. Thus, the nitrogen impurities in diamonds may
be the result of nuclear transmutation of CO2 in the melt.
Furthermore, it is known that nitrogen is distributed extensively throughout the silicate phase of the Earth’s
crust and mantle [50].
The scheme for nitrogen transmutation of (Ca, D) CO3
or CaCO3 resembles that observed for the Pd/complexes,
which are composed of Pd and CaO thin films, and the
Pd substrate, after the Pd complexes are subjected to D2
gas permeation [51]. Although they have not described
directly the transmutation effect brought about by the Ca
element, they could not obtain a similar result using
MgO in place of CaO [52]. Therefore, we believe that Ca
is the common driving element for nuclear transmutation.
In particular, the possibility exists that the electrons are
derived from calcium elements with many electrons,
such as 3s2, 3p6 and 4s2 [53]. The emission of charged
particles and acceleration of the electrical charge may
enhance nuclear transmutation, such as a fractofusion. If
nitrogen was derived from carbon and oxygen, geologically active planets with abundant both atoms would
have generated nitrogen. This is a very interesting possibility, since carbon and nitrogen are the two major elements in all life systems [54].

4. Conclusion

Figure 3. Convection currents in the Earth’s mantle and
their role in nitrogen formation and discharge. Nitrogen
formation can be interpreted as the result of endothermic
nuclear transmutation of carbon and oxygen atom pairs in
aragonite lattice carried by subduction of lithosphere, by
physical catalytic help of excited electrons e* generated by
stick slipping of aragonite rocks and geoneutrinos produced
in deep in Earth’s mantle by radioactive decay of elements.
OPEN ACCESS

We have calculated the relationship between the critical
temperature T and the critical pressure P for the endothermic nuclear transmutation of carbon and oxygen
atom pairs in (Ca, D)CO3 or CaCO3 aragonite lattice of
Earth’s mantle (asthenosphere) from the Archean era to
the present time, by physical catalytic help of excited
electrons generated by stick slipping due to tectonics and
geoneutrinos by the radioactive decay of elements such
as uranium and thorium in Earth’s mantle. The critical
temperature and pressure for the nitrogen formation belong to the diamond formation region. In subsequent paper, we will address experimental problem whether formation of nitrogen occurs from a calcite specimen with
and without D in diamond-anvil high-pressure cell under
temperature over 2500 K and pressure over 60 GPa or
JMP
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not; attention will be given to the generation of physical
catalysis of excited electrons and neutrinos.
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Appendix

Appendix B: Cold Nuclear Transmutation

Appendix A: Confinement by Screening of
Condensed Electrons and High Temperature

Nuclear transmutation is the conversion of an atom of
one chemical element or isotope into an atom of another
[59]. This reaction occurs either through artificial or natural nuclear reactions. The former is nuclear reaction by
bombardment with high speed particles. The first artificial transmutation was achieved by Rutherford by bombarding nitrogen with alpha particles:

In order to evaluate necessary condition of nuclear transmutation process for nitrogen formation from the (Ca, D)
CO3 (aragonite) lattice, we consider confinement effect
by screening of condensed electrons and high temperature. It should be noted that at pressures in excess 0.5 Mg
cm−3 the individual electron shell structures of the atoms
vanish and are replaced by a statistical distribution of the
electrons in the field of the atomic nuclei [55]. These
electrons in the outer shell behave as if they are free particles [56]. Therefore, by analogy, we infer that the outer-shell electrons of carbon and oxygen atoms in (Ca,
D)CO3 lattices behave as free electrons, and the resulting
screening effect serves as relief of the Coulomb repulsive
forces between the carbon and oxygen nuclei. Since this
type of interelectron Coulomb interaction alters the electron shell behavior under the action of an electromagnetic field, we apply the Thomas-Fermi (TF) approximation to the screening effect of the (Ca, D)CO3 lattice
below the surface of the Earth [42]. For a multi-electron
atom, the TF theory [57] gives (in atomic units)

V (r ) =
− Ze 2 r Φ ( r b ) ,

(A1)

where V(r) is the potential energy, and Z is the atomic
number.
We then consider the effect of temperature on the
reaction rate k. The rate can be expressed by the Arrhenius equation [58]:

(

)

k = kb f N2 hf c f o e − E RT

14

N + 4 He → 17 O + 1 H

(A6)

The another example is the production of radioactive
C used in radiocarbon dating in the atmosphere by the
neutrinos in cosmic rays.
14

14

N + 1 n → 14 C + 1 H

(A7)

The latter is natural process that an unstable nucleus of
an atom breaks apart into smaller parts through radioactive decay.
235

Th + 4 He (α decay )

(A8)

I → 131 Xe + 0 e ( β decay )

(A9)

U→
131

231

The endothermic nuclear transmutation of Equation (7)
or Equation (10) would be promoted by physical catalysis of by physical catalytic help of excited electrons e*
generated by stick slipping due to plate tectonics and
geoneutrinos ν by the radioactive decay of elements in
Earth’s mantle or deuteron catalysis, respectively, as cold
nuclear transmutation at lower temperature and pressure
of around 2510 K and 58 GPa in the Earth’s mantle (asthenosphere).

(A2)

where the fC, fO, and fN are the partition functions of 12C,
16
O, and 14N, respectively, and kb, R, and E are the
Boltzman constant, gas constant, and activation energy
of the reaction, respectively. When fC ≒ fO ≒ fN, a ratio
of the rates at temperature T0 and T1 can be described as
follows:
E  (T1 −T0 ) 

T0T1 

k1 T1 R 
= e
k0 T0

(A3)

In comparison with T0 = 300 K and T1 = 1105, 1439,
1774, 2109, 2443 and 2778 K, we get:

k1 k2 ≒3.68, 4.80,5.91, 7.03,8.14 and 9.26,

(A4)

respectively. According to the first principle, the following potential form expresses the repulsive interaction
between the atoms [18]:

U ( R ) = − B r12 ,

(A5)

where B is an empirical parameter.
OPEN ACCESS

JMP

