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Abstract
We discuss the similarities and differences between catalysis/electrocatalysis of chemical processes, such as ammonia 
synthesis or H2O electrolysis on one hand, and of nuclear catalytic processes, commonly called baryosynthesis, such as the 
synthesis of neutrons and protons from quarks, on the other. In chemical synthesis the underlying forces are well known to be 
electrostatic in nature while in the synthesis of hadrons or nuclei from quarks (known as hadronization or nucleosynthesis) 
the underlying forces are known as the Strong nuclear forces, whereas if electrons are also involved, as Weak nuclear forces. 
Here we discuss for the first time from a catalytic viewpoint the importance of some recent developments in our understand‑
ing of the structure and synthesis of hadrons via a model entitled Rotating Lepton Model (RLM), which is quite similar to 
the Bohr model of the H atom used in Chemistry but which has shown that the Strong Force is a gravitational force between 
three very fast (relativistic) neutrinos, rotating symmetrically on a circular orbit, whose gravitational masses and gravita‑
tional attraction increases dramatically with increasing rotational speed, according to the theory of Special Relativity (SR), 
thus reaching the masses of quarks and the value of the Strong Force respectively. We show that, interestingly, positrons 
and electrons, which quite often play a very important and well established catalytic role in chemical synthesis due to their 
electrical charge, also play an equally important and central catalytic role in nuclear synthesis due to their enormous mass, 
relative to the mass of the neutrinos, and the concomitant dramatic acceleration of neutrinos to ultrarelativistic speeds and 
huge mass increase, resulting to enhanced very strong gravitational binding between them which reaches the value of the 
Strong Force. Consequently, electrons and positrons are the dual, electrostatic and gravitational, catalysts of our Universe 
for the production of chemicals and baryons.
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1  Introduction

The paramount importance of Catalysis and Electrocatalysis 
in Chemistry but also in Biology for the synthesis of chemi‑
cal and biochemical products is to a significant extent well 
known and understood at the molecular level [1–8].

For example, it is common knowledge that the synthe‑
sis of ammonia or the production of oxygen can only be 

accomplished efficiently via the use of efficient catalysts and 
electrocatalysts respectively.

On the other hand very little is known about the catalysis 
of nuclear reactions for the synthesis of composite particles 
such as protons and neutrons (more generally of hadrons) 
from their constituents which are currently believed, accord‑
ing to the Standard Model (SM) of elementary particles [9], 
to be quarks, which are still widely considered to be the 
elementary constituents of matter, although so far they have 
never been isolated and studied. Under such, so far rela‑
tively obscure, conditions it is very hard to examine within 
the context of the SM the factors which may catalyze the 
combination of quarks to form hadrons (such as protons and 
neutrons) or, vice versa, hadron decomposition.

However, the recent development, as a promising alter‑
native to the Standard Model (SM), of the Rotating Lep‑
ton Model (RLM), [10–15], (Fig. 1), which bears some 
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interesting similarities with the Bohr model of the H atom 
[2], (Table 1), and sheds some new light on the nature of the 
reactants, of the dominant confining force and of the mecha‑
nism of hadronization. These considerations have been first 
explored in a paper published in 2017, entitled “Catalysis 
and Electrocatalysis of Chemical Synthesis and of Hadroni‑
zation” [15]. In that study, some of the key catalytic points 
discussed here, had been already identified. During the last 
five years, however, several new facts have emerged regard‑
ing the mechanism of hadronization and the fundamental 

role of positrons and electrons in the hadronization process, 
i.e. in the generation of hadrons, such as protons and neu‑
trons which merit some discussion.

Detailed careful examination of the decay products of 
composite particles [16] shows that there exist only five 
elementary particles in our Universe, i.e. electrons, posi‑
trons and the three types of neutrinos [10–14]. All composite 
particles eventually decay to them.

2 � Results and Discussion

2.1 � Thermodynamic Similarities and Equilibrium 
Conversion

The basic fundamental similarity between chemical synthe‑
sis (e.g. ammonia or methanol synthesis) and hadroniza‑
tion (e.g. formation of baryons from quarks) is that both are 
highly exothermic processes as shown in Table 2. In chemi‑
cal synthesis the internal energy change, ΔU, of the synthe‑
sis reaction is of the order of -2 eV per atom, while in hydro‑
gen fusion it is near -26 MeV per He nucleus produced, and 
in baryonsynthesis it is of the order of -0.15 to -1.5 GeV 
per baryon formed. Thus the adiabatic temperatures of these 
reactions vary between 103 and 104 K for chemical synthe‑
sis to 1012–1013 K, for hadronization, as shown in Table 2. 
Despite these differences, the structure of the RLM is quite 
similar to the structure of the Bohr model of the H atom as 
shown in Table 1. Only the equations of motion are different, 
since the two forces are different and in the case of the RLM 
Special Relativity must also be taken account for.

Interestingly, as also shown in Table 2, we have already 
found that, although the ΔH values vary so significantly, the 
− ΔS values for all these processes are of the order of a few 
kb per atom or hadron formed, i.e. 10–100 J/mol⋅K, since, 
due to the high temperatures involved, the ideal gas assump‑
tion provides a good approximation [9].

Fig. 1   Rotating Lepton Model (RLM) for the formation of a neutron 
from three rotating neutrinos. It comprises the equation of motion 
(1) and the De Broglie Eq.  (2) for each rotating neutrino, and also 
the energy balance Eq. (3) for computing the energy E and the mass 
3γmo of the rotating triad, where γ(= (1-v2/c2)−1/2) is the Lorentz fac‑
tor

Table 1   Comparison of the Bohr model of the H atom with the Rotat‑
ing Lepton Model for the neutron which consists of three rotating 
ultrarelativistic neutrinos [10, 11]

Table 2   Thermodynamics of some important chemical and nuclear 
synthesis reactions. All are exothermic with comparable ΔS
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Due to their exothermic nature, both chemical synthesis 
and baryogenesis are favored at lower temperatures and thus 
a catalyst is required for these reactions to occur at signifi‑
cant rates. The necessity for efficient catalysts when dealing 
with exothermic synthesis reactions is shown schematically 
in Fig. 2 where the equilibrium reaction conversion, x, is 
plotted vs the dimensionless temperature Θ, defined from 
Θ = TΔS/ΔΗ. The figure also shows how the use of cata‑
lysts, characterized by an activation energy, EA, enables the 
approach to the equilibrium conversion curve.

As shown in Table 2, all the synthesis reactions, both in 
Chemistry and in Nuclear Physics, are exothermic (ΔΗ < 0) 
reactions. Consequently, as Fig. 2 shows, their equilibrium 
conversion decreases with increasing temperature. This cre‑
ates the necessity of finding appropriate catalytic materials 
and appropriate reactor designs.

2.2 � Temperature Programmed Kinetic Studies

There is a large wealth of well organized experimental data 
regarding the cross sections of hadronization reactions, e.g. 
Figure 3,top [16], which shows the rate [expressed as cross 
section, σ, measured in mbarn(= 10−31 m2)] of formation of 
various composite particles, from a beam comprising posi‑
trons (e+) and electrons (e−). These products include the Z 
boson, which has been recently shown via the RLM to be a 
rotational e+e−ν3 triad [13]. The two straight lines on the fig‑
ure, as well as the temperature scale, have been drawn in the 
present study and, to the best of our knowledge, have not been 
drawn or discussed before. The two straight lines correspond 
to kinetic control at low temperatures, and to thermodynamic 
control, due to the exothermicity of the hadronization reac‑
tion, at higher temperatures. Thus, this figure is very similar 
to that of a temperature programmed reaction (TPR) spectrum 
for exothermic reactions in catalytic chemical synthesis. An 

example of a TPR spectrum in chemical catalysis is shown in 
Fig. 3, bottom, from the synthesis of or from the decomposi‑
tion of, formic acid in presence of D2 on a Ni(110) catalyst.

There is a very rich literature about the catalysis of 
chemical synthesis [1], but very limited literature about the 
thermodynamics of quark-gluon condensation (baryogen‑
esis) [9] and practically no literature about the catalysis of 
baryogenesis. We have recently shown [16] that positrons 
and electrons are extremely efficient catalysts for baryogen‑
esis [16, 17] and, in fact, the TPR spectrum of Fig. 3, top 
demonstrates this in a very pronounced way.

Careful examination of the Tables of the decay products 
of composite particles [9] shows that there are only five ele‑
mentary particles in our Universe, i.e. electrons, positrons 
and the three types of neutrinos. It thus appears that nature 
has been very generous in providing both the raw material 
(i.e. neutrinos) and the catalyst (i.e. electrons and positrons) 
for creating hadrons and our known universe.

2.3 � Interpretation of the Product Spectra 
Generated via Annihilation of e+e− Pairs

So far there has not been any rigorous explanation of the very 
rich plethora of products obtained in the e+e− annihilation 

Fig. 2   Equilibrium conversion vs dimensionless temperature Θ show‑
ing the necessity of catalysis in the synthesis reactions of Table  2 
which are all exothermic

Fig. 3   Similarities between the TPR spectra of composite particle 
synthesis via annihilation of e+e− pairs [16] top, and formic acid syn‑
thesis or decomposition in presence of D2 on a Ni(110) catalyst [23], 
bottom
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spectra of Fig. 3, top. It is vaguely believed that the energy 
produced by the exothermic “neutralization” of the e+, 
e− pair is somehow transformed into the masses of the 
components of the wide product spectrum of Fig. 3, top. 
But several questions arise, such as why is the Z boson the 
main synthesis product. A relatively recent (2018) study via 
the RLM of the structure of the Z boson provides a direct 
answer. The Z boson is a rotating e+ − e

−
− �

3
 triplet [13]. 

It is obviously formed by the direct interactions of the 
e+e− pair with one of the omnipresent ambient neutrinos. 
Furthermore, the subsequent creation in these experiments 
of a plethora of hadronization products is due to the well 
established catalytic action of electrons and positrons for 
hadronization which is due to the rapid acceleration of ambi‑
ent neutrinos to highly relativistic velocities where hadroni‑
zation via direct interactions between ultrarelativistic neutri‑
nos takes place leading, in conjunction with the de Broglie 
equation of quantum mechanics [18], to hadron formation 
[16, 17] and to the unification of gravitational and nuclear 
forces [19].

3 � Electrons and Positrons as Electrical 
and Gravitational Catalysts

3.1 � Kinetic Similarities and the Role of Catalysts 
in Chemical and Nuclear Synthesis

A key aspect of many important synthesis reactions in 
Chemistry, such as the synthesis of NH3 from N2 and H2 and 
in Physics, such as the synthesis of a proton or neutron from 
three ultrarelativistic ν3 type, neutrinos which are the heavi‑
est neutrinos, is the necessity of strong bonding between the 
reactant, e.g. N2 and H2 and the catalyst. This bonding is 
overall electrical in nature in the case of Chemistry (strong 
dissociative adsorption of N2 and H2 on the alkali doped 
catalyst) or gravitational in nature in the case of Physics 
(strong attraction of the reactant neutrinos with the e± cata‑
lyst). In this case the neutrinos are trapped gravitationally by 
the electron/positron which has a mass typically 11 orders of 
magnitude larger than the mass of a neutrino at rest. When 
this happens these relativistic neutrinos form rotating tri‑
ads around the central electron/positron thus leading to the 
product (e.g. proton) formation [19]. This is similar to the 
formation of a H atom via Coulombic trapping of a rotat‑
ing electron by the central proton in the Bohr model of the 
H atom (Table 1). As this Table also shows, the de Broglie 
equation is an essential part both of the H atom Bohr model 
and of the RLM. It ensures that the angular momentum, 
γmovr, of the rotating particles is an integer multiple of the 
Planck constant, and thus satisfies Heisenberg’s uncertainty 
conditions, expressing the dual wave-particle nature of 
the rotating leptons. It is worth noting that if the positron 

remains at the center of the rotating neutrino triad, then a 
proton is formed, and if it escapes then a neutron is formed. 
In the latter case the initial state of the catalyst (positron) is 
automatically restored, so the catalyst remains “unchanged”.

One thus observes that the catalytic action is electrostatic 
(Coulombic) in the case of NH3 synthesis and gravitational 
in the case of proton or neutron synthesis. It is truly remark‑
able that this dual catalytic action is accomplished by the 
same elementary particle (positron or electron). Nature is 
to be truly admired for this level of economy!

3.2 � The Dual Catalytic Role of Electrons 
and Positrons

Electrons and positrons happen fortuitously to be impor‑
tant catalysts both for chemical and for nuclear reactions. 
In chemical catalysis due to their strong electrical charge 
which plays a key role in lowering the activation energy of 
many catalytic reactions. In nuclear catalysis involving neu‑
trino hadronization, their unique catalytic role is due to their 
huge (in relation to neutrinos) gravitational mass which ena‑
bles them to accelerate neutrinos to ultrarelativistic speeds 
[20–22], thus dramatically enhancing their mass and gravi‑
tational attraction, therefore leading to hadronization.

4 � Conclusions

It is remarkable and philosophically interesting how elec‑
trons and positrons fortuitously combine these two very 
different catalytic properties which enable them to play a 
dominant role in our Universe both for forming hadrons and 
for forming chemical and biological products. Nature has 
provided a very efficient catalytic solution.
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