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 THE NATURE OF MOLECULAR BONDING 

 
Covalent, ionic and metallic bonding models cannot explain  
the dynamic stability of molecules  
 
There are no valence electrons that operate as bonding agents 
Bonding is due to magnetic coupling 
 
Hydrogen atoms are the connecting links between atomic cores  
that consist of hydrogen building blocks 
 
 
Introduction 
Atoms are capable of forming associations with other atoms of the same or other elemental 
nature. The prevailing theory of chemical bonding implies the shell structure of the atom. 
Bonding agents are the electrons of the outermost shell of the atoms, the so-called valence 
electrons. 
The basic bonding types are  

(a) Covalent bonding plus Molecular Orbital Theory (MO) 
(b) Ionic bonding. 
(c) Metallic bonding 

None of these models can explain the nature of the force that holds together the repelling 
nuclei. According to Born’s interpretation of Schroedinger’s wave equation, the famous Ψ2 
represent only the probability where the electron in the orbital can be found; therefore, 
orbitals cannot function as the glue that holds together the nuclei… 
Molecular orbital theory is the most advanced theory of chemical bonding. According to this 
model, the dioxygen molecule O2 should be an ortho-magnetic one. Experiments indicate that 
there are also some para-magnetic varieties of O2.  
According to quantum mechanics the H2 molecule can be only a para one! Exactly the Pauli 
exclusion principle prescribes this, because a maximum of two electrons with opposite spin 
numbers can occupy the single orbital. 
A Stern-Gerlach type of experiment indicates that gaseous dihydrogen is mixture of ortho- 
and para-molecules. 
Regarding ionic bonding theory, the measured electric dipole of the NaCl molecule is 
considerably smaller than the calculated one.  A clear refutation of ionic bonding! 
An ad hoc hypothesis in order to clear the situation is the claim that the valence electron was 
not definitively transferred from the Na atom to the Cl atom; there is only a probability for it 
to stay either at Na or Cl or between the two! 
But if some of the electrons can be also between the ions Na+ and Cl+ then they work as  
charge carriers for an electric current (according to current theory of the nature of the 
electrical current). If a voltage is applied, the valence electrons move! This implies that these 
valence electrons cannot serve as a means to produce ionic bonding. We have moving 
electrons and moving ions. Therefore a voltage would conduct electricity and melt the NaCl 
crystal. No such things can be observed! The capture of an Na-electron and its soft landing in 
the outermost shell of Cl is an unintelligible story. No empirical evidence can confirm it. 



The reason for the failure of chemical bonding theories is the underlying atomic model of 
Rutherford-Bohr-… with its extranuclear electrons. 
As an alternative I propagate Prout’s idea (1815) that any element consists of hydrogen atoms. 
Hydrogen atoms are not only the building blocks of all elements but are also the connecting 
links when molecules are formed.  
 
 
 
 COVALENT BONDING  
takes place allegedly due to the sharing of two or more electrons between two atoms. These 
shared electrons are from the outermost shells. Electrons are shared between atoms to 
simultaneously fill all outer shells completely. Then the atoms have the same number of 
electrons in the outermost (valence) shell as the noble gas of closest atomic number. (Octet 
rule; for hydrogen: duet rule.)  
According to Kossel (1988—1955), this is the requirement that stable atoms (or ions for ionic 
bonding) are formed. But the fact that noble gases do not (or seldom) form compounds is no 
rationale for this claim… In fact, it is characteristic for noble gases that they have the highest 
ionization potentials of all elements. Therefore the energy that is necessary to split off an 
electron is greater than for other elements. But sharing of electrons involves a new 
interrelation of forces, which must change the dynamical stability of the system…  
 
Dead end of covalent bonding: the octet rule does not hold… 
In addition, there are exceptions to the octet rule: for example HO, NO and NO2, where N for 
instance has an odd number (7) of electrons. Regarding NO,  
O has 6 electrons in its outermost shell, N has 5, respectively. The sum (11) is an odd number.  
Assume that the atoms are sharing 2 electrons, then O has 8 and N has 7 electrons (and not 8 
according to the octet rule). The octet rule has no physical foundation.  But for the NO 
molecule more than one valid Lewis structure can be written, see the second Lewis structure 
where O has 7 and N has 8 electrons in the valence shell.  

  
A textbook author [clark] claims: These noble gas structures are thought of as being in some 
way a "desirable" thing for an atom to have. 
You may well have been left with the strong impression that when other atoms react, they try 
to achieve noble gas structures. 
As well as achieving noble gas structures by transferring electrons from one atom to another 
as in ionic bonding, it is also possible for atoms to reach these stable structures by sharing 
electrons to give covalent bonds. 
Comment: the violation of the octet rule shows that it is meaningless. The alleged desirable 
shape of the surface of the atom has nothing to do with the occurrence of an attractive force 
that could hold together the repelling positively charged nuclei. But there remains the 
principal objection to electronic bonding: the existence of extra-nuclear electrons in orbitals is 
not possible. See the article History of Quantum Mechanics. 
Another textbook [wulff] explanation of covalent bonding is as follows: In principle, the bond 
can be understood if it is recognized that both electrons in the bonding orbital spend more 
time between the two nuclei then around them and thus must exercise attractive forces which 
constitute the bond. 
According to this assumption the H2 molecule is a four-body system, it is composed of two 
separate protons and two satellite electrons. It can be easily shown that for the position of the 
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two electrons between the protons no equilibrium is possible because there is a net attractive 
force between the protons. The four-body system is an oscillating one. From where the 
inertial forces arise is inexplicable in terms of quantum mechanics…  
Textbook authors have forgotten that any model with orbiting electrons is not stable because 
accelerated charges cause radiation and the electrons energy loss let them crash into the 
nucleus or into the nuclei. It is interesting that in physical chemistry textbooks de Broglie’s 
standing waves are not mentioned. Of course, the sharing of two ore more standing waves by 
the nuclei is not explainable. 
Wave mechanics cannot be the remedy for the shell model because new questions are 
unanswerable: Of what kind is the vibrating substrate? What is the cause of inertial forces? 
According to Born’s interpretation of Schroedinger’s wave equation, the famous Ψ2 represent 
only the probability where the electron in the orbital can be found; therefore, orbitals cannot 
function as the glue that holds together the nuclei… 
Back to orbiting electrons?  If it was necessary to refute the electron shell model then the 
sharing of shell electrons between two atoms is also refuted. There is no crucial experiment 
for the existence of shared electrons.  
 
Orbitals vs. orbits  
Because every orbiting electron would crash into the nucleus because it radiates, wave 
mechanics was invented. De Broglie replaced the electron by a standing wave. According to 
Schrödinger the electron matter wave obey an equation called the general wave equation. This 
is the famous second order differential equation for Ψ, where Ψ is the amplitude function of 
the matter wave. In the solution of the equation each Ψ corresponds to a different energy 
level. Later Born interpreted the Ψ2 as the probability density of finding the electron at that 
point. Obviously, in Born’s wave mechanics we must abandon any attempt to describe the 
trajectory of the electron. Therefore orbits must be replaced by orbitals. 
There is not only one type of orbitals; we have s-type and p-type of orbitals… 
The model of chemical bonding is based on valence electrons, these are the bonding agents. In 
orbitals we have only the probability of the location of the electron. Below I describe the role 
of the valence electron of Na that must be transferred to the valence shell of Cl in order to 
establish ionic bonding. If the electron is not or not always in the valence shell of Cl but 
somewhere between, then new troubles arise: The partially free electrons are now possible 
carriers of an electric current and bonding becomes unstable. But NaCl is a non-conductor and 
a solid… 
According to the Bohr model, ionization potentials and the energies of quantum jumps are 
determinate magnitudes and not fuzzy ones. Measurements show no deviations.    
The main reason that orbitals now replace the old Bohr orbits was the impossibility to explain 
covalent bonding and the occurrence of molecular magnetic properties in terms of the simple 
planetary Bohr model.  Take for example the diatomic oxygen 02. In terms of quantum 
mechanics, 02 molecules possess two unpaired electrons and therefore a parallel magnetic 
moment: (↑↑). The other 6 electrons are paired, their net magnetic moment is zero: The first 
energy level (n=1) is occupied by two 1s electrons that have divergent spins. The second 
energy level for n = 2 is partially occupied by two 2s electrons.  
 
 Covalent bonding model cannot explain the magnetic properties of O2 
Each oxygen atom has 6 electrons in its valence shell, sharing of two electrons would create 
the desirable octet shell for both atoms. But according to the quantum rules all electrons are 
paired (↑↓) and therefore no magnetic moment arises for the diatomic O2 ! 
In order to save the Bohr model, orbitals replaced the simple orbits of the electrons. An 
electron is somewhere in the orbital… The shell of the principal quantum number n = 2 is no 



longer the domicile of the 4 valence electrons but consists of 4 orbitals:  
1: an s (spherical) orbital with 2 paired electrons (electrons with opposite spin). 
 2: three p-orbitals, one of them contains two paired electrons, the other two each contain 
according to Hund’s rule only one electron. (The three p-orbitals correspond to the 3 possible 
values of the projection of the orbital angular momentum about some preferred direction. 
Obviously it is assumed that a non-orbiting electron has angular momentum!) 
Hund’s rule requires that if 2 atomic orbitals have the same energy and only 2 electrons are 
available to occupy them, then the 2 electrons are placed in separate orbitals and must have 
the same spin and have therefore also the same direction of the vector of the magnetic 
moments: ⏐↑⏐⏐↑⏐. Why do the two electrons occupy not one and the same orbital? Because 
then O2 would not have unpaired electrons!  
The assumption is that macroscopically defined and measured   paramagnetism is due to 
unpaired electrons and their magnetic moments↑↑. The dominant interaction of O2 with a 
magnetic field is thought of as through the electronic spin magnetic moment.   
Therefore Hund’s rule is nothing other than an ad hoc hypothesis in order to save the atomic 
model with extra-nuclear electrons. The receipt is: add a new rule. Recall that receipt for the 
geocentric Ptolemaic system was: add an epicycle. Below I show that O2 has many allotropes: 
one ortho-molecule and some para-molecules.  
Only a Stern-Gerlach type of experiment can decide on the magnetic character of the varieties 
of the O2 molecule. O2 has probably one variety with parallel magnetic moments and some 
varieties with anti-parallel magnetic moments. See below the case study for O2. So quantum 
theory must develop a new Hund rule: first of all take a look at the experiment, then decide 
how electrons must take place in the orbitals in order that experiment and theory are in 
agreement…Don’t ask why… 

 
Molecular Orbital Theory (MO)  
Case study for O2 
Because of the failures of the Lewis model of covalent bonding with its familiar electronic 
orbits the molecular orbital theory was invented. Molecular orbital theory (MO) assumes that 
when bonding begins, the atomic orbitals interact and superposition arises. An introduction to 
MO (or Mulliken-Hund theory of chemical bonding) is Mulliken’s Nobel lecture at 
www.nobel.se 
 The graph shows schematically the bonding of O2.  
Source: M. R. Leach 1000-2005, The Chemogenesis web book,  
http://www.meta-synthesis.com/webbook/39_diatomics/diatomics 
For details see this web book. It is not the purpose of this treatise to explain the nomenclature 
and the subtleties of molecular orbital theory because many web textbooks are easyly 
available. Here, my intent is to show how the desired end justifies the means. The end was to 
introduce the two unpaired electrons  ↑  π*2pz and  ↑  π*2py in order to make 
explainable the  magnetic behaviour of O2.  



 
 
Obviously the above depicted oxygen molecule has unpaired electrons and therefore, 
according to current theory, parallel magnetic moments. Note that the two unpaired electrons 
exist in different orbitals. According to current quantum mechanics there is no para-form of 
dioxygen, because the overall wavefunction must be symmetric when the nuclei are bosons…  
[vol] Volk,K., Rotational Lines of Molecular Oxygen, www.iras.ucalgary.ca/¯volk/oxygen 
 
The old Lewis structure for di-oxygen:  
O=O      is not adequate, the di-radical di-oxygen is shown as:   
.O-O.     where the two dots represent two unpaired electrons that have the same spin. 
According to current quantum mechanics the nuclear spin for oxygen is 0 and therefore the 
nuclear magnetic moment is also 0. The magnetic moment is due to the parallel magnetic 
moments ↑↑of two unpaired electrons. According to current quantum mechanics the oxygen 
molecule therefore possesses only the ortho form. A para di-oxygen  p-O2  (only paired 
electronic magnetic moments ↑↓)is excluded by theory. Note that the ortho-form of dioxygen 
(o-O2) accounts for the macroscopic paramagnetism of O2! See below the definitions. 
 
In a Stern-Gerlach type of experiment there should be a deflection of the O2 beam due to the 
magnetic field. Molecules with this behaviour are called ortho-magnetic. The outcome of the 
experiment we shall discuss below. On the other side liquid oxygen is a so-called 
paramagnetic substance. But this property is not measured by the deflection spectrum of a 
Stern Gerlach experiment. We must distinguish between paramagnetic substances and 
paramagnetic molecule species! 
Let us begin with definitions: 

 Definitions: 
Ferromagnetism: strong permanent magnetism  
Paramagnetism: weak attraction to a magnetic field allegedly due to 
unpaired electron(s) (figure from Harvard University Lecture 
Demonstrations www.sas.havard.edu) or: paramagnetic: substances 



having a magnetic susceptibility greater than 0 are paramagnetic. Magnetic susceptibility ≡ a 
measure of the magnetizability of a substance. When the magnetic moments of a substance 
align parallel to the external field (and therefore strengthen it), the substance is paramagnetic. 
Diamagnetism: no attraction to magnetic field but slight repulsion. In this case the magnetic 
moments align in the opposite direction of the external field and therefore weaken it. 
The terms dia- and paramagnetic concern a macroscopic behaviour. The claim that oxygen is 
paramagnetic is based on a simple experiment. Liquid oxygen (or a beam of gaseous oxygen) 
shows attraction to a magnetic field. But paramagnetism is only a property of this state, which 
has strong paramagnetic properties, while for example nitrogen responds diamagnetically. 
Solid oxygen shows different magnetic properties: The monoclinic α–oxygen for example is 
antiferromagnetic. For details see [gsuh].  
It is necessary to distinguish between the magnetic properties of substances (paramagnetic, 
diamagnetic, ferromagnetic, antiferromagnetic substances) and the magnetic properties of 
molecules and atoms. Atoms and molecules can be either paramagnetic or orthomagnetic 
molecules.  For some elements and molecules there are both para- and orthomagnetic species!   
Only a Stern-Gerlach type of experiment can help to distinguish these magnetic properties.  
Above I explained that the quantum mechanics O2 molecule is thought of as to have 2 parallel 
magnetic moments (↑↑). Hund’s rule requires this outcome. Hund’s rule was created this 
way, namely that the theory is in agreement with experiment. According to the macroscopic 
experiment and the definition above O2 is a paramagnetic substance. But at the microscopic 
level, regarding the magnetic status of molecules, there are the following definitions 
convenient: 
Para molecules have no net magnetic moment because their magnetic moments are paired anti 
parallel (↑↓). They are therefore insensitive (or better: nearly insensitive) to the magnetic 
field in the Stern-Gerlach experiment. Ortho-molecules have parallel magnetic moments (↑↑), 
the deflection ∆x in a magnetic field is determined solely by the molecules. (Recall the Stern-

Gerlach experiment for Ag 
molecules, the magnetic deflection 
showed that Ag has a magnetic 
moment ↑.) 
In terms of molecular physics the O2 
molecule of quantum mechanics is 
not paramagnetic but orthomagnetic! 
Only a Stern-Gerlach type of 
experiment can help to decide 
whether the O2 molecule is ortho- or 
para-magnetic! 
 
Magnetic properties of  
O2-allotropes in a  
Stern-Gerlach experiment 
The Stern-Gerlach magnetic 
deflection spectrum of a molecular 
beam of oxygen is not in agreement 
with quantum mechanics.  For details 
see  
Kuebler, Robin, Yang, Gedanken:  
Fully resolved Zeeman pattern in the 
Stern-Gerlach deflection spectrum of 
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O2 (3Σg¯, K = 1), Physical Review A, vol. 38, number 2, July 15, 1988. 
For a molecule with a magnetic moment (ortho-molecule) there should be the following 
deflection pattern: At ∆x = 0 (no deflection): no peak, two peaks on both sides, ∆x = +…, ∆x 
= —…  
If there are peaks for ∆x = 0 (or in its vicinity) like in this case, the molecular beam contains 
also molecules with anti-parallel magnetic moments. How the authors of the cited paper have 
fully resolved these problems in detail I am not willing to copy here because the paper is 
available from the www. Their job was Fitting of theory to experiment because quantum 
theory does not fit the facts! The figures from their paper show that there are peaks in the zero 
gaps. The authors concede that there are three aspects of the comparison between theory and 
experiment which are troubling:  
(i) The appearance of a peak at ∆x = 0 in the experimental spectra determined at 9.8 and 12.5 
kG, whereas none is predicted at this position for the 
 K = 1 manifold; 
 (ii) the calculations predict that all peaks have equal widths, whereas this is not observed to 
be the case; and (iii) all peaks are predicted to shift monotonically to larger values of ∆x 
upon going from zero field to 22.6 kG, whereas at higher fields the peak deflections are 
observed to reverse direction somewhat and move to slightly smaller values of ∆x. 

 
The second figure shows the calculated 
deflections of oxygen molecule in the (J, MJ) 
spin-rotational sublevels of the K = 1 state.  
Note that there is no undeflected (∆x 0 =) beam.  
But the cause is not the existence of para oxygen 
molecules, which do not possess the right to 
exist in molecular orbital theory.  
 
 
I interpret the deflection pattern for O2 as 
follows: We do not have a unique type of O2 
molecule. O2 must have allotropes, namely ortho 
and para ones.  
The figure shows schematically a possible 
Stern-Gerlach distribution pattern.  
I argue that there are some varieties of the para 
molecule. Note that for the current quantum 

mechanics 
there are 
only 
different 
states of 
one and 
the same 
O2 
molecule. 
For 
example, 

molecules can have different rotational velocities. 
Allotropes have the same mass number but different shapes and different magnetic properties.  
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The occurrence of peaks at ∆x = 0 or nearby signifies the existence of para varieties of the O2 
molecule. 

The Stern-Gerlach 
deflection shifts 
depend on the 
intensity of the 
magnetic field 
applied. Probably 
there are also 
transitions from one 
para form to another 
and from ortho to 
para forms that are 
caused by the 
changing intensity of 
the field. The figure 
shows the α, β, γ, δ 
and ε-para-varieties 
of O2. Regarding O2  
as a di-atom, the 

varieties can be called allotropes. Regarding O2 as a molecule, the varieties can be called 
isomers.   
There are not so many ortho- O2 molecules, because the intensity of the more deflected beams 
is small. Because of its elongated form the ortho variety of oxygen is not very stable and 
therefore we expect that the bulk of oxygen is para- O2  

Note that the deflection of 
the para molecules is 
different, it depends on the 
magnitude of the anti-parallel 
magnetic moments (↑↓).  
Even when the net magnetic 

moment is zero there will be a small deflection as a result of the torque exerted by the 
magnetic field on the particular  
magnets that form the para oxygen molecule. Regarding the deflection spectra for strong 
external fields, the irregular deflections and intensities can also be interpreted as a 
consequence of molecular defects due to the strong field applied. The split up of the beam 
shows degeneracy when strong fields are applied. Figure [HuSt] 

    Summary: the O2 Stern-Gerlach experiment can be 
interpreted that            gaseous O2 molecules exist amixture 
of some         para varieties and of one ortho form. 
Molecular orbital theory predicts that gaseous O2 consists 
only of ortho molecules.  The authors of the above-cited 
paper choose O2 in its ground state that has no orbital 
momentum (!) and no nuclear moments.  According to the 
rules of quantum mechanics the angular momentum vector 
is J = K + S, where K is the rotational angular momentum 
and S is the electron-spin angular momentum. Obviously 

for quantum mechanics, also K is quantized: K = 1, 3… K and S are combined to produce J. 
And so forth… 
 



For example: …as a consequence of the nuclear statistics which follow from zero nuclear 
spins… the lowest such level is K = 1. 
Therefore for K = 1: J = K + S, which equals 0, 1, 2… 
The rotational angular momentum K couples with the electronic spin S to J. This interaction 
split each rotational level of J into three sublevels J = 0, 1, 2. 
One of the non-intelligible features of quantum mechanics is the assertion that the molecular 
rotational transition possesses quantum jumps… So quantum mechanics “allows” rotating 
molecules to possess only discrete quanta of angular momentum. 

  
In 1933 Schnurmann [schnm] reported also a Stern-
Gerlach experiment for O2. The figure (18) shows one 
of his results. There is no doubt that there are peaks at 
zero deflection (due to para O2) and lateral peaks (due 
to ortho- O2).  
Summary: There are so many assumptions and 
stipulations in order to fit theory to experiment that 
one can say that the reported O2 Stern-Gerlach 
experiments are surely not an empirical evidence for  
quantum mechanics, just the opposite is the case.  
 
Fallacious derivation of magnetic moments  
For quantum mechanics, the origin of the magnetic 
moments of an atom is due to the motion of its 
component charges. Regarding a single orbiting 
electron with spin there are two magnetic moments 
that we must distinguish: the first claim is that the 
orbiting electron represents an electric current and the 

magnetic moment is due to this circular electric loop. A conduction current in a loop causes a 
magnetic field and the loop acts like a bar magnet with North and South Pole. This is a fact 
but the underlying definition of conduction current  
I = dq/dt is untenable. The claim is that in a wire free electrons (“electron gas cloud”) move 
and that moving charges define the current. And therefore it was declared that a single 
orbiting electron represents an electric current that produces a magnetic moment! But 
electrical conduction is not a flux of charges but a propagating state of polarization and its 
frequency. See the arguments in the article Electricity.  
The quantum mechanics formulas for the magnetic moments are based on erroneous 
assumption regarding the nature of electricity. Besides of this flawed foundation the quantum 
electrodynamics derivation of the magnetic moments is fallacious. The magnetic moments of 
electrons and protons are not inversely dependent on inert mass. For example the z-
component of the electron spin magnetic moment is not  µ z spin ≠ Sz(-e/2me)   
The relationship µ proton  =  µ  electron spin /1836  
is erroneous. Also the formulas for the magnetic moments due to rotation of molecules are 
erroneous. See the arguments in the article Flawed quantum electrodynamics: Magnetic 
moments of electron and proton are not inversely proportional to inert mass 
Therefore the calculated deflections of [KRYG] are inherently flawed.  
 
 
 
 
 



 
 
 

Molecular orbital theory determines  
di-hydrogen as para-H2 
 
 H2 is the simplest molecule. A theory of 
chemical bonding should be able to explain the 
development of physical properties out of the 
formation of the molecule.   
 
Let us now see how textbooks (for example J. 
Hunt, Organic Chemistry On-Line Learning 
Center, University of Calgary, chapter 02: 

www.chem.icalgary.ca/courses/351/carey5th/ch02) 
describe the formation of the molecule in terms of molecular orbital theory: 
The two blue spheres at the outside represent the atomic orbitals of two hydrogen atoms. The 
arrows represent the spin and the magnetic moment of electron, respectively. There are two 
combinations of the orbitals, here called the in-phase and the out-of-phase. Combining 
orbitals means combining waves.  We direct our attention only to the bonding molecular 
orbital (in-phase). We see that the two parallel arrows of the atoms are combined anti-parallel. 
That means: H2 is a para molecule!  
Why do the arrows not combine parallel for an ortho-molecule? Why we do not get ortho- and 
par molecules? Don’t expect a physical explanation, quantum mechanics consists of arbitrary 
rules (Hund’s), exclusion principles (Pauli’s) and a travel ban (by a order of Pauli, valence 
electrons have no orbital momentum) in order to fit the theory to experiments. But in 
molecular orbital theory the former rules, bans and exclusion principles entangle themselves 
in such a way that not even new rules can fit theory to experiment.   
The self-entangling rules are: the electrons are "placed" in the molecular orbitals following 
the same rules as for filling orbitals in atoms (i.e. lowest energy first).  This means the two 1s 
electrons both go into the bonding molecular orbital… 
Therefore, because in the 1s orbital of a two electron atom necessarily two electrons are 
placed, also two electrons must take place in the molecular orbital of H2. Obviously, an ortho- 
molecule is forbidden… 
Recall that Hund’s rule prescribes the following ordering of electrons:  
1s: ↑↓, 
2s:↑↓, 
fill up of the sub shells:  2px: ↑ ; 2py: ↑ , and not 2px:  ↑↓! This means that electrons will 
occupy each orbital individually before pairing up. 
Pauli prescribed that only 2 electrons can be placed in the same orbital and that they must 
have opposite spin and magnetic moment, respectively: 
Therefore, a fully occupied 2s2 shell must be such ↑↓and cannot be ↑↑  



 ortho    2H

 para 2H-I

para 2H-II

This is the reason why according to quantum mechanics the H2 molecule can be only a para 
one! Exactly the Pauli exclusion principle prescribes 
this, because a maximum of two electrons with opposite 
spin numbers can occupy the single orbital. 
A Stern-Gerlach type of experiment indicates that 
gaseous dihydrogen is mixture of ortho- and para-
molecules. 
In 1933 R. Frisch and O. Stern [FriSt] reported a Stern-
Gerlach experiment on the deflection spectrum of 
dihydrogen. The figure (12) of one of their results shows 
a peak at zero deflection and two lateral maxima.  
The peak at zero deflection can be interpreted as the 
effect of para- H2, because it has a paired anti-parallel 
magnetic moment ↑↓.  
The lateral peaks are caused by ortho H2, which has 
magnetic moment ↑. 

 
Current quantum mechanics interprets the occurrence of 
ortho- and para- H2 due to nuclear magnetic moments:  
In the hydrogen molecule the nuclear spins can be either 
aligned or anti-aligned. Therefore, we have both: a nuclear 
ortho- H2 and a nuclear para- H2.  
Figure: J. Bargon’s homepage,  
www.thch.uni-bonn.de/pc/bargon/  
 
But both species have the same electronic state (electron spins anti-aligned) and are therefore 
at the same time also electronic para- H2.  
Recall that the nuclear magnetic moment is 1/1836 that of the electronic magnetic moment. 
The consequence is that there is a para- H2 with big (in comparison) anti-aligned magnetic 
moments and an ortho- H2 with a small magnetic moment. The deflection spectra suggest that 
the magnetic moment of ortho- H2 is not such a tiny one…  
The relationship µ proton  =  µ  electron spin/1836  
is wrong, magnetic moments don’t depend inversely on inert mass, see above. 
 

I argued that all elements and molecules are made up of 
hydrogen. The H atom itself is a tiny magnet. Chemical 
bonding is due to magnetic coupling. Two H atoms can be 
coupled either as para- or ortho- H2. There are two para 
forms possible. See the figure and the article Elementary 
Permanent Ring Magnet Atomic Model. 
 
In the article Magnetic moments of atoms are not due to 
spins of extranuclear valence  
electrons I explained the reason of Pauli’s travel ban for 
valence electrons: 
In ins ground- or not excited state for examploe the 
valence electron of Ag has no  
angular velocity, because Pauli made this assertion. Why?  
The Stern-Gerlach experiment shows clearly two 

separated beams of silver atoms. Only if it is  
assumed that the angular momentum of the electron is zero and that the angular  
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momentum of the unpaired proton of the silver nucleus is negligibly small the outcome of the 
experiment is explainable in terms of quantum theory.  
Otherwise, if there would be an additional angular momentum of the orbiting electron,  

then the net atomic angular momentum states are  ±h and 0, and 
there are 3 beams!  
In order to explain the phenomena the orbital angular 
momentum was canceled! 
In the above cited article I argued that the Stern-Gerlach type 
experiment that Phipps and Taylor performed in 1929 for 
monoatomic hydrogen H, indicates the existence of ortho- and 
para hydrogen, o- H, p-H.  
  

 
Orbital hybridization 
CH4 has a tetrahedral structure. Combinations of s orbitals of one atom with s orbitals of the 
other atom (s-s) and  (p-p) combinations, respectively, cannot explain the occurrence of a 
tetrahedral structure. The rescue operation was the invention of hybridized orbitals, where the 
s and p orbitals combine to form sp3 hybrids with the desired tetrahedral coordination. For 
other cases there are 2sp, 2sp2  hybrids available… Orbital hybridization is an additional ad 
hoc hypothesis. Because of the failure of the simpler molecular orbital theory there is no hope 
that a hybrid overlapping of waves can explain the nature of chemical bonding…  
 
 
IONIC BONDING  
allegedly arises from an electron transfer from one atom to another. An example is salt, NaCl. 
It is said that the resultant Na+ and Cl- ions form this crystal due to attractive electrostatic 
forces. Likewise as for covalent bonding, the transfer of the valence electron from Na to Cl 
fills the outermost shell of Cl. The result is that the Cl— ion now has an outermost shell that is 
identical with the noble gas Ar. Simultaneously the Na+ ion has an outermost shell like the 
noble gas Ne. But ions are not atoms! The argument of Kossel (see above) that filled outer 
(noble gas) shells explains ionic bonding is therefore without object! 
An additional argument that noble gas configurations of the outermost shells have nothing to 
do with ionic bonding are the so-called d10- and d10s2 -ions. 
 
d10- and d10s2 -ions 
Some metals have ions with outermost electron shells that are not like those of noble gases. 
For example Zn and Sn: There should be a transfer of 12 electrons from the Zn atom in order 
to reach a noble gas configuration. Instead of this only 2 electrons are transferred! 
Zn (…3s2 3p6 3d10  4s2 ) —> Zn 2+ (….3s2 3p6 3d10 ) + 2e-  
Zn 2+ is a so-called d10-ion. Sn 2+ is a so-called d10s2 –ion: 
Sn (…4s2 4p6 4d10  5s2 5p2) —> Sn 2+ (….4s2 4p6 4d10 5s2) + 2e-    
Zinkblende (ZnS) is a prototype for ionic bonding of Zn 2+ and S 2—-ions. 
 
Electron capture and soft landing in the outermost shell? 
Questionable is the formation process of a molecule according to the electron shell model.  
Regarding the transfer of one valence electron from the outermost shell of Na to Cl the claim 
is that after the transfer the Na- and Cl -ions possess the stable electron structure of Ne and 
Ar, respectively.   



Ionization of Na and capture of the electron by Cl is explained due to the weak bonding of the 
electron in an incomplete shell. The messenger photons are not pictured. Messenger photons 
should exhibit Coulombic forces. Therefore one photon pushes aside the valence electron of 
Na towards the Cl-nucleus. To submit a soft landing, another photon must arrest the electron 
which otherwise would crash into the Cl-nucleus. Intelligence inside the Cl-nucleus must 
command a computer centre in order to navigate the messenger photons. Photons must have 
chips inside. Of what kind is the fuel for the photon motors? 
Are there empiric indications for the transfer of the valence electron?  It is possible to 
measure the reaction energy in a calorimeter. The postulated Haber-Born  (1916) cycle is used 
to calculate the heat reaction from the energetics of the steps leading to the molecule. One 
obtains the heat of reaction by summarizing the energies of the following steps: 

(a) Vaporization of Na:    Na(solid state) => Na (gas)  
(b) Dissociation of     Cl2 => 2Cl  
(c) Ionization of Na:    Na => Na+ 
(d) Capture of the electron by Cl:    Cl + e- => Cl- 
(e) Formation of the ion pair: Na+ + Cl-  => NaCl  (Coulombic energy) 
(f) Formation of the crystal lattice (crystal energy). 

 For brevity I will not go in the details, see for details any textbook. 
Some textbooks concede that both the energies (d) and (f) are extremely hard to come by. 
Therefore, they are calculated with the assistance of calorimeter measurement results of the 
reaction energy. Obviously, the calorimeter measurement is not a crucial experiment for the 
electron shell model (which implies the nuclear atomic model) and for the many-step Haber-
Born process. The coupling of the two formerly separated atoms produces an oscillation of the 
associating atoms and causes therefore in the surrounding medium a vibration, which is the 
reaction heat.   
Concerning ionic bonding, especially another question was never asked: If there is an 
electrostatic force that contracts the ions, the electron shells of the ions must endure a 
compression. This seems to be impossible...  The nature of chemical bonding is not explained 
completely. Below I show that the Born repulsion cannot solve the problem of the necessary 
repulsive forces for equilibrium in the crystal lattice.  
 
FURTHER OBJECTIONS TO IONIC BONDING THEORY  
Pauli’s exclusion principle cannot explain the necessary repulsive forces between the ions 
Only if the Na and Cl-ion cores are held tightly in place in the lattice by strong attractive 
electrostatic forces and by till now unknown repulsive forces the following properties are 
explainable:  high melting point; hardness (large cohesive energy); not malleable because ion 
cores cannot pass one another; no electrical conductivity.   



Again, the Na+ and the Cl-   ion cores can only be held in place in the lattice points if the 
cohesive attractive forces are in equilibrium with repulsive forces. Most textbooks remain 
silent on the origin of such forces; some refer to Pauli’s exclusion principle.  
What is Pauli’s exclusion principle? The claim is that electrons in an atom cannot have all 4 
of their quantum numbers equal. For example He has 2 electrons in its single shell. They 
differ only with respect to their spins: spin up or down! The exclusion principle has nothing to 
do with forces that react to a pressure from outside of the shells. 
Textbooks offer no rationale for the occurrence of repulsive forces in ionic bonds due to 
Pauli’s exclusion principle.  
Take for example J.W. Bullards explanation:[bul] 

When the ions are close enough together that their electron orbitals overlap, the electrons 
become fully interacting. 
Interacting electrons are subject to the Pauli Exclusion Principle  (Why?)   
Two electrons initially having the same four quantum numbers no longer can  
One electron must adopt a different quantum number(s) that increase its energy  
As the electron energies increase, it becomes less and less favorable for the ions to continue 
approaching one another  
A repulsive force arises that tends to push the ions apart 
In addition to the electron repulsion, when electron clouds overlap, the nuclei begin to be 
repelled from each other because they have the same charge. 

But there are molecules that have no overlapping orbitals and 
therefore no interacting electrons. Think at the HF molecule in 
terms of ionic bonding (see also below): The F atom captures 
the single electron of the hydrogen atom. The electron shells 
of F possess now the structure of the noble gas Ne.  But the 
hydrogen atom has lost its only electron. The H ion is a 
naked, a bare proton! The proton and the F ion attract each 
other and the naked proton must interact with the outermost 
shell of F. Obviously the shells (or orbitals) cannot hold out 
such an attack.  

(Note: HF (aq) <—> H+ (aq) + F— (aq)) But it must be mentioned here that for other textbook 
authors the HF compound is held together by covalent bonds (see below). 
 
Fictitious character of the Born repulsion 
Necessary repulsion arising from overlap of electron clouds? According to the atomic model 
of quantum physics the electron density decreases exponentially with the distance from the 
nucleus and the assumed repulsion should show have the same property. Obviously the nature 
of the Born repulsion remains obscure. The constants B and n for the relationship  
VBorn ~ B/rn are derived from compressibility measurements! But the fact that there is 
repulsion from the atom does not explain how orbiting electrons or electron waves produce 
this repulsion. 
 
Calculated electrical dipole moment of NaCl not in accordance with the measured one 
The measured electric dipole of the NaCl molecule is considerably smaller than the calculated 
one with the ionic radius between the Na+ and Cl- ion cores! For an idealized NaCl-gas 
molecule with a Na-Cl distance of 240 pm (= the distance in the NaCl crystal) the calculated 
dipole moment is µ= 11,5 D (Debye) whereas for NaCl gas  µobserved = 8,5 D (source: 
http://de.wikipedia.org/wiki/Elektrisches_Dipolmoment) So the experimental result is not in 
accordance with theoretical prediction – a clear refutation of ionic bonding. But theorist did 
not give up, they invented an ad hoc hypothesis: the valence electron was not definitively 

p+

F -

HF-molecule:
proton attacks
electron shells of F -



transferred from the Na atom to the Cl atom; there is only a probability for it to stay either at 
Na or Cl or between the two! 
 
 
  
 
    •                               • 
    Na+                         Cl-  

Probability function ψ*ψ  for the valence electron [brö] 
 
But the introduction of this ad hoc hypothesis shows a fatal consequence: If some of the 
electrons can be also between the ions Na+ and  Cl+ then they work as a charge carriers for an 
electric current (according to current theory of the nature of the electrical current). If a 
voltage is applied the valence electrons move! This implies that these valence electrons 
cannot serve as a means to produce ionic bonding. We have moving electrons and moving 
ions. Therefore a voltage would conduct electricity and melt the NaCl crystal. No such things 
can be observed! NaCl does not conduct electricity and it remains a solid. (NaCl conducts 
electricity at temperatures of about 500˚ Celsius.)  
So the introduction of the ad hoc hypothesis has not resolved the primary problem but created 
an insolvable problem: ionic bonding theory acts as self-destruction of quantum mechanics. 
Conclusion: quantum mechanics predicts electrical conductivity for NaCl; the experiment 
shows that NaCl at room temperatures does not conduct electricity. This empirical evidence 
signifies a refutation of the concept of ionic bonding. 
 
 
Another case study for an alleged ionic bond: HF  
On the assumption that the HF molecule is a case of ionic bonding, a textbook [uwat] asks the 
question: What is the distance l that separating the two ions (H+, F-) in order to give a dipole 
moment of 1,8 D? Because the dipole moment is µ = q l, the result is l = 37,5 pm. 
But the measured H-F bond distance is 92 pm! Conclusion: the ionic bonding model is wrong. 
The textbook offers the following explanation: Dividing the apparent bond length of 38 pm by 
the observed bond length 92 pm gives the ionic character 38/92 = 41 % ionic character. 
Like a woman cannot be a bit pregnant, so the bonding cannot be a bit ionic! 
An alleged ionic bonding is 100% ionic per definitionem and cannot be 41% ionic. Textbook 
authors [mort] explain that the mutual forces between the ions distort the electron clouds of 
the ions. When the electron clouds overlap, then the bonding is allegedly partially covalent or 
only partially ionic. Regarding the HF compound, the H-ion is a proton and therefore without 
electron cloud. Overlapping cannot occur. The story is the following: First of all the neutral F 
atom captures the electron of hydrogen. This is a true actio in distans without a force! Then 
the electron of hydrogen must come back for a partial covalent bonding. Nobody describes 
how this can be done… When both anion and cation have an electron cloud, nobody explains 
how the dynamical stability can be ensured during the overlapping of electron clouds and how 
partial covalent bonding works… 
But textbooks are confusing: The above-cited textbook author characterized the HF bond as 
ionic, whereas Mortimer [mort](p. 381) claims that the HF and HCl bonds are covalent ones.  
On the other hand, NaH and LiH are for Mortimer typical cases of ionic bonding.  
Mortimer justifies the difference as follows: The greater the difference of electron negativities 
of the two atoms the more ionic in character is the bonding (p.117). Let us check this claim! 
 
 



The relative electron negativities and their differences for HCl, NaH, LiH and NaCl are: 
Atom H Li Na Cl Difference Cl—H H—Na H—Li Cl—

Na 
Electron 
negativity 

2,2 1,0 0,9 3,2  1,0 1,3 1,2 2,3 

According to Mortimer’s graph, NaCl is about 70% ionic (30% covalent?), HCl = 25% ionic 
(75% covalent?)  and NaH is 30% ionic (70% covalent?). The former claim was that the NaH 
and LiH bondings are typical ionic in character and that the HCl compound is covalent. This 
rule is a manifestation of an uncertainty principle in physical chemistry.  Electron negativities 
are worthless. 
 Another fatal consequence for the ionic bonding of HF: If a voltage is applied the naked 
proton p+ and the F- ion move. The lattice structure breaks down… 
 
IONIC BONDING VERSUS COVALENT BONDING 
Why chemists can say that one bond is ionic and the other covalent? Chemists make the 
distinction between ionic and covalent bonding a posteriori: Many compounds (for example 
H2O, CH4) must contain bonds that are different from ionic bonds because neither these 
compounds nor their solutions conduct electricity. Therefore these compounds are not ionic… 
But this is a fallacy. If the aqueous solution of the NaCl compound consists of Na+ and Cl+, 
then it does not follow logically that the bonding type is ionic. In the solution process the 
NaCl compound was disintegrated in such a way that not the atoms but the ions remained. 
When we break up a piece of rock salt, however, then there are no ions at the site of fracture!  
On the other hand the electrolysis of a NaCl solution shows at the cathode the process  
H2O  <—>  H+ + OH—, therefore the separation products of water can be ions. A ton of pure 
water contains 0,1 mg H+ and 1,7 mg OH—-ions. Pure water is really a bad conductor but the 
decomposition products of H2O can be ions. Felix Ehrenhaft in 1944 dissociated H2O by 
magnetolysis. Magnetolysis  produced oxyhydrogen gas! (Oxyhydrogen gas is a mixture of H 
and O) Therefore separation products do not determine the character of bonding. 
Then chemists claim that ionic bonding requires the fill up of the outer shell of an atom of the 
compound according to the octet rule. Take NaCl for example: Cl has 7 electrons in its 
outermost shell. After the capture of the single electron from the outermost shell of Na the Cl- 
ion now has the complete electron configuration (8 electrons) in its outermost shell, which is 
the configuration of the noble gas Ar.  The Na ion that has lost one electron and  now has the 
electron configuration of Ne. For HF, the F ion has also the Ne electron configuration but the 
H ion is the naked proton. Current theory claims ionic bonding for the HF compound. If the 
cause for ionic bonding were the presence of 8 electrons in the outermost shell then the water 

molecule H2O should have also ionic bonds because the 6 electrons of the outer oxygen plus 
the two electrons of the two hydrogen atoms form the electron octet of Ne.  
 

H2O: covalent bonds                                              H2O:ionic bonds

H H

p+

p+

O O--



<===                                          ===>

s=t=r=e=t=c=h=i=n=g

Quantum mechanics offers no rationale why the water molecule is held together by two 
covalent bonds. Why does nature not prefer ionic bonding? For both cases the outermost shell 
of oxygen would be “full” according to the octet rule. 
Conclusion: the classification: covalent versus ionic bonding has no sufficient reason. How 
the neutral atoms of a future compound attract each other before the bonding process begins, 
is not explained.  What is the nature of the force that captures an electron from one atom and 
how is it incorporated in the outer shell? The same questions arises when the electron should 
be thought of as a wave… 
 
SECONDARY BONDING  

Secondary bonding arises 
from interactions between 
the charges or electric 
dipoles of the atoms or 
molecules. (Van der Waals 
Bonding, Hydrogen 
bonding.) A textbook 
explains for example 

hydrogen bonds:  
Very week bonds that result from the attraction of a H+ atom to a negatively charged atom 
 ( N or O). 
The picture shows that H and N are neutral atoms. Both compounds have a fluctuating charge 
distribution; therefore the arising electric dipole moment is also fluctuating one. As a result 
the interacting dipole moments cause vibrations. A hydrogen bond comes not into play! 
Some compounds have dipole moments that can be measured. Obviously these are permanent 
(or nearly permanent) dipole moments. On the other hand, the fluctuating dipole moments and 
the also fluctuating dipole moment interactions cannot be calculated according to chemical 
bonding models of quantum mechanics. 
The concept of secondary bonding is untenable in terms of quantum mechanics. Nature shows 
an interaction of permanent dipole moments.  
The present author offers a bonding model where not electrons are the bonding agents but 
hydrogen atoms. In this case one or more hydrogen atoms form the connecting links between 
the atom cores of a compound or of a crystal lattice. Don’t confuse these connecting hydrogen 
bonds (links) with hydrogen bonding according to the untenable Rutherford-Bohr-deBroglie 
atomic model.  See below how hydrogen links can set up a NaCl crystal lattice.   
 
 
CHEMICAL BONDING DURING MOLECULAR VIBRATIONS 

Consider a periodical stretching and 
bending of a molecule. 
 To the best of my knowledge nobody 
has explained the dynamic stability of 
chemical bonding under these 
conditions! How can such a fragile 
dynamic force structure resist to 
stretching and bending? 

 
 
 
 



Free-floating valence electrons cannot glue the metal ion cores together 
Solid state of metals impossible in terms of quantum theory: free floating negatively charged 
valence electrons cannot simultaneously serve to hold the positively charged metal ion cores 
together. Story-telling textbooks claim that the electrons glue the ion cores together! The ion 
cores would repel each other and destabilize the lattice. It is impossible that the electron cloud 
glue the ion cores together because according to this model the electrons drift in a random 
manner through the lattice. In any case, a voltage applied would melt the metal because then 
the electron cloud and the ion cores would drift in opposite directions! This is not the case, 
with the exception of high voltages.  
Here it must be mentioned that electrical conduction in a wire is not a flux of valence 
electrons but a propagation of a polarization state of adjacent dipoles. This idea developed 
Faraday in 1838!  For details see the article Electricity.  
For details see please the article History of Quantum Mechanics. 
 
H-atoms are the connecting links  
There is neither ionic nor covalent nor hydrogen nor metallic bonding because there are no 
extranuclear electrons, which are allegedly responsible for bonding. The Rutherford-Bohr-de 
Broglie atomic model that consists of a nucleus and extranuclear electrons (or electron-waves) 
does not work. See the arguments in the article History of Quantum Mechanics.   
 I propose an atomic model according to William Prout (1815): each chemical element is 
made out of hydrogen atoms. In other words all elements have the same building block, 
namely hydrogen. The so-called mass numbers A represent the number of the constituting 
hydrogen atoms. Bonding is due to magnetic coupling because each hydrogen atom is a 
magnet. Helium for example consists of 4 hydrogen atoms that are magnetically coupled. 
It is assumed that hydrogen itself is composed of 4 elementary ring magnets that are charged 
+—+—. These elementary ring magnets are also magnetically coupled together. The 
positively charged ring magnet is a positron; the negatively charged ring magnet is the 
electron. Hydrogen is therefore an e+e- e+e- association. (Ionization means: one electron-
magnet is lost from the e+e- e+e-   association and the remaining e+e- e+ association is the 
proton.) 
Molecules are atoms conjoined in some way. If my conjecture proves true, then Prout’s 
constituent H atom would equally serve as linkage for the formation of compounds and 
crystal lattices. In a compound or in a crystal lattice, some H-atoms of the embodied elements 
are folded outwards in order to construct bonds.  
Bonding in molecules is also due to magnetic coupling.  Bonding agents are hydrogen atoms 
(and not electrons!). To dock atoms it suffices that they are nearby. Then magnetic couplings 
produce one or more hydrogen links. 
There are 3 varieties of H-bonds:  
A single hydrogen |,  
2 hydrogen atoms in series —— or  
2 hydrogen bonds parallel ||. 
 (See the articles All Elements Consist of Hydrogen and Electricity.) 
 



 
Example NaCl-crystal lattice:  
NaCl is a molecule with a simple cubic structure.   
In a NaCl crystal a Na core has 6 nearest neighbors, namely 6 Cl cores. Because the Na-
Cl interatomic distance is small, namely 240 pm, it is assumed here that the coupling of 
the Na and Cl cores consists of one single hydrogen atoms (|). Na consists of 23 H-
atoms (according to William Prout), 3 of them are disposable for bonding. 35Cl consists 
of 35 H-atoms, 3 of them are disposable for bonding.  3 hydrogen atoms of the bonds 
are parts of the central Na atom and  the other 3 hydrogen atoms are parts of the 
surrounding Cl atoms. The core of Na consists therefore of 23 – 3 = 20 hydrogen atoms. 
The Cl cores consist of  35 – 3 = 32 or 37 – 3 = 34 hydrogen atoms (regarding 35Cl or 
37Cl).  
The central Na-core of the sketch below is connected with 6 Cl-atom cores.  
It is assumed that the synthesis of the lattice is due to magnetic coupling. Note that all H-
atoms of the Na or Cl-cores are paired. The magnetic moments of the bonding H-atoms cancel 
each other. So the NaCl-lattice has no net magnetic moment. NaCl does not conduct 
electricity. 
For other molecule models see the article Ring-Magnet-Atomic-Model.   
For metallic bonding see also the article Electricity. 
 
Case studies 
for body centered cubic (bcc), face centered cubic (fcc)  
and hexagonal close-packed (hcp) crystal structures.  
Result: The nature of electricity is misunderstood as a flux (current) of 
electrons. The conduction of electricity is not a transport of charges but the 
propagation of  polarization in a wave with velocity ≈  c. 
 
Case studies show that electrical conduction depends on both crystal structure and the type of 
bond (H’s in series ——, H’s parallel || or single H’s |).  The character of the H-bond can be 
supposed regarding the interrelations of lattice spacing, rigidity and electrical conduction.  
In the first row of the tables the supposed hydrogen bonding is mentioned.  
Because electromagnetic properties are due to crystal structure and bonding, the sign of the 
Hall effect coefficient ±RH and the nature of magnetism  
(where F = ferromagnetic, P = paramagnetic, D = diamagnetic) are specified. Other rows  
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show electrical conductivity and superconductivity properties. Lattice 
spacing and rigidity modulus  
(= shear modulus) indicate the strength of bonding.  Velocities of 
sound show how  mechanical longitudinal waves are proceeding. The 
polarization wave is a longitudinal wave of a polarization state. 
 
It is necessary to separate the isotopes and to measure the properties of 
the isotopes. It may be that the different isotopes have not the same 
properties. For example they can differ in crystal structure, electrical 

conductivity and magnetic behaviour (ferro-, dia-, or paramagnetic).  
 
The graphs show possible bcc unit cells, green links between the nodes are 
thought of as to be a single H-bond, in the second unit cell the links (shown 
black and blue) represent the bonding of 2 H’s that are arranged parallel. 
 
In analyzing a crystal structure by X-rays it is possible to find out the 
dimensions of the unit cell of the lattice. Then one can calculate how many 
atoms are contained in the unit cell because the specific weight of the 
material is known.  
 
 
In a bcc structure, the number of atoms per unit cell is two.  
To find the arrangement of the atoms in the unit cell, also X-ray diffraction methods are used.  
The figure shows the unit cell of the assumed bbc structure. Every atomic core has 8 nearest 
neighbours at a distance d = a√3/2 = 0,866 a, this is the bond length. 
  
The central atomic kernel is connected with the atomic kernels at the edges with 8 bonds. The 
bonds are thought of to consist of hydrogen atoms. There are  3 possibilities: 
1: a single H-bond: | 
2: 2 H-bonds in series: —— 
3: 2 H-bonds parallel: || 
Of course this is the time for speculations. We must do experiments to get useful indications 
for the development of the theory… 
 

Bcc structure metals: 
The alkali metals and the alkaline earth metal Ba 
H-bonding   —  ——  ——  ——  ——  —— 
Element 7Li 23Na 39 K 85, 87Rb 133Cs 

138Ba 
Sign of Hall effect constant RH — — — — — ? 
Para-, Ferro-, Diamagnetic P P P P P P 
El. Conductivity 105 /mΩ 108 210 139 77,9 48,9 30,1 
Speed sound 103 m/s 6 3,2 2 1,3 — 1,6 
a: lattice spacing  [10 -11 m] 35 43 53 56 61 50 
Bond length = a√3/2 [10-11 m] 30 37 46 49 53 43 

Rigidity modulus /[GPa] 4,2 3,3 1,3 — — 4,9 
Melting point ˚C 180 98 64 39 28 727 
Density g/cm3 0,535 0,968 0,856 1,532 1,879 3,51 
 



 
All alkaline metals are paramagnetic and have minus sign of Hall effect. 
For Li it is assumed that  one hydrogen atom serves as bar of the lattice, whereas the 
bars of Na, K and Rb consist of 2 H’s in series: —— 
 
Therefore it was tentatively assumed that at bond lengths over 30 10-11 m the bars are 2 
H’s in series. 
Electrical conductivity for Na, K, Rb, and Cs correlates with the speed of sound and the 
melting point. The sound wave of the metallic lattice is a longitudinal wave. Also the 
propagation of the polarization state is a longitudinal wave.  
For the row Na, K, Rb, Cs atomic number A and bond length increase, electrical 
conductivity, speed of sound, melting point and rigidity modulus decrease. Note that 
these metals have bcc structure. For other crystal structures the correlations mentioned 
do not necessarily occur in the same manner.. 
 
 
Li-7,  Na-23: 
Have a look at the unit cell. According to current theory one atom is in the center of the cube. 
The atoms at the corners are shared by 8 sourounding unit cells, therefore the mass of the 
corner atoms  of the unit cell is 8/8 = 1. Therefore any bcc-unit cell contains 1 + 1 = 2 atoms 
of the element. 
In a Proutian bcc structure the unit cell contains of course also the mass of 2 atoms of the 
element, but the 8 corner-nodes are now connected with the center by 8 real hydrogen atom 
bridges.  
 
Li (lithium)  has the smallest lattice spacing. The stronger bonding of Li is responsible for 
lower thermal vibrations. Therefore Li is a good electric conductor. 
 
If we assume for Li  that the H-bridge is a single H-atom, then the unit cell of Li contains  
2 x 7 = 14 H atoms, 8 of them serve as H-bridges.  
(14H – 8 H) = 6 H are shared 50:50 between the core in the center and the 8 cores at the 
lattice corner points. The core in the center contains therefore 6/2 = 3H. At the corners the H-
content of the part of the unit cell is 3/8. The whole core at the lattice node points contains of 
course 6 H. 
Because the core in the center contains  6/2 = 3 H, the kernels have a resultant magnetic 
moment.  Li and all other alkaline metals are therefore paramagnetic! 
 
Na (sodium) 
For Na the  calculation yields ((2 x 23) – 8)) /2 = 18: 15H are shared 50:50 between the core 
in the center and the 8 cores at the lattice corner points. The core in the center contains 
therefore 18/2 = 19 H. At the corners the H-content of the part of the unit cell is 19/8. All 
together the nodal points contain 19 hydrogens. 
 
 K: For K-39: ((2 x 39)- 2 x 8)) = 62 H; so any nodal point contains 31 H’s.  
 
Ba (Barium) is an alkaline earth metal. It possesses a relatively strong metallic bonding. 
Probably the bonding consists of 2 H’s in series. 
 

 



 
Bcc   transition metals 
Hydrogen links || || ||  |  | | | 

Element 52Cr  96Mo 
 

184W  56Fe  51V 
 

93Nb 181Ta 
 

RH + + +  +  + + + 
F, p, d P D P  F  P P P 
105/mΩ 79 200 200  100  50 67 76 
Speed sound 103 m/s 5,94 6,19 5,17  4,91  4,56 3,48 3,4 
Lattice constant a [10 -11 m] 29 31 32  29  30 33 33 
Bond length = a√2/2  25 27 28  25  26 29 29 
Rigidity mod./Gpa 115 121 160  82  47 38 69 
Melting point ˚C 1907 2623 5555  1538  1910 2477 3017 
Density g/cm3 7,14 10.28 19,25  7.872  6,11 8,57 16,65 

 
 
Because of the relatively small lattice spacing in the range of 300 pm, the high rigidity 
modulus and the also high melting points the bonding of Cr, Mo and W seems to be a two 
hydrogen parallel bond. Assumption: Fe, Nb, V and Ta have  one H that serves as the bar of 
the lattice.  
Regarding Mo and W, all data are in the same order  of magnitude except magnetism and 
melting point. The relatively small el. cond. of Cr is probably due to its  low melting point. 
Comparison of Nb with Ta: bond lengths and speeds of sound are nearly in the same order of 
magnitude. Ta has a higher melting point and is more rigid. Note the proportion of  
electrical cond. / melting point for Nb: 0.027 ; for Ta: 0.025! 
 
 
Electromagnetic properties of bcc metals 

The relation electrical conductivity / Mass # A shows a significant decrease of electrical 
conductivity with the increase of the mass of the atomic kernel  

23Na 39K 85, 87Rb 133Cs 138Ba 
0,9 0,36 0,1 0,04 0,02 
 
Explanation: 2 H’s in series (——) for K, Rb, Cs represent slack bonds. So the more the 
mass increases the more energy is consumed by thermal vibration of the kernels and electrical 
conductivity must decrease.    
 
An exception is Mo that is diamagnetic. Lattice spacing’s are in the same range. Note that 
molybdenum is a broad mix of isotopes with mass numbers 92,94,95, 96, 97, 98. It is possible 
that some isotopes are diamagnetic and some are paramagnetic….  
The graph below shows that for example the bcc elements Li, Na, K, Rb, Cs and Ba have 
approximately the same magnetic susceptibility. The graph is a part of Hecht/Stevens: New 
Explorations with the Moon Model, May 7, 2004, 21st Century, Science & Technology. 
www.21stcenturysciencetech.com 
Susceptibility of paramagnetic elements  
 



Source: Handbook of Chemistry and Physics, Boca Raton, Fla.: CRC Press, 60th 
Edition (1980), pp. E-123 to E-128, based on Constante  
Selectionneés Diamagnetisme andParamagnetisme Relaxation Paramagnetique, 
Vol. 7. Values for cobalt and nickel are approximate. 
 
 

 
FCC  Structures 
The face cantered cubic (fcc) lattice is also known as the cubic close-packed structure (ccp). 
The fcc-unit cell contains the mass of  4 atoms of the element, these metals are close packed. 
Each atom has 12  „touching“ neighbours, this is the so called 12-co-ordination. 
Graph from http://cst-www.nrl.navy.mil/lattice/ 
 
According to the hard sphere model the ccp structure maximizes nearest neighbor interactions 
and packing efficiency. If atoms were spheres as modeled, for the closest cubic packing an 
atom has 12 nearest neighbours. The description of the ordering of the atom in the fcc 
structure is as follows (see the graphs below):  
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The bond length is d = a√2/ 2 = 0,707 a  
The bonds in this model are physical bonds, they consists of complete hydrogen atoms. The 
12 bonds consist either of one H or 2 H’s parallel || or  2 H’s in series ——. 
Total number of hydrogen that are contained by the short connections with d = a√2/2: 
1: 6 face planes, each contains 4 connections (shown red): (6 x 4) = 24, but they are shared 
with the neighbouring cell. Therefore 24/2 = 12 H are „consumed“. 
2: Between the face centered points are 12 connections (shown blue) with d = a√2/2. 
Therefore other 8 H’s are consumed for the unit cell. 
Conclusio: the connections per unit cell sum up to 36 H. If there is a double H connection ||, 
the unit cell contains 64 H. 
When A is mass number of the element, then the unit cell contains in all 4A hydrogen parts, 
the connections contain 36n, where n =1 for a single H-connection or n = 2 for two H’s (|| or 
—— ). So (4A – 36 n ) = number of H’s that are located alltogether in the corners and in the 
face centered points of the unit cell. 
For Au-197 we assume n = 2 : (4 x 197 – 2 x 36) =  788. This number we must divide by 4 
because the fcc unit cell contains 4 atoms: 788/4 = 179. The result is that each nodal point  of 
the structure contains 87 hydrogen units! The thumb rule is: A – 18! 
Example: Ag-109 —> 91:  
Example Aluminium, Al: Al consists of 27 hydrogen atoms. It is assumed that each bond 
consists of 2 H’s. The Al- core (or kernel)  
consists therefore of  27 – 18 = 9 H’s. 
 

Note that the 12 bonds that are connected at the central (green) 
atomic core (4 blue, 4 red, 4 black bonds) form with their final points 
a cuboctahedron. The special feature of the cuboctahedron is that all 
distances from the center to the corners are equal. The 12 H-bonds of 
the cuboctahedron produce the stability of the lattice. (For details see 
wikipedia.)  
 

Verification of the claim that a fcc unit cell contains 4 atoms: 
The Rh-mole has 103 grams. The total molecular weight of the atoms in a unit cell is 4 x 
(103) = 412. The weight of the 4 atoms in the Rh unit cell is therefore 412/NA = 68,426 x 10 
-23 g  
(NA = Avogadro number) 
The density of Rh is weight/volume. The volume of the unit cell is lattice constant  a cubed.  
When a = 3,8034 10-8 cm , a3 =55.02 x 10-23. Density: 68.426 10-23/55,02 = 12,44 g/cm3, in 
good agreement with the reported values. Therefore the claim that the fcc unit cell contains 
the mass of  4 atoms of the element is verified. The same can be done for a bcc unit cell. 
 
When heated, Fe transforms from a bcc structure to a fcc structure (austenite). Austenite is 
closer packed than the normal Fe.  



Regarding the fcc austenite, the number of hydrogens in the nodal points is 56 -16 = 40 H 
for Fe-56. 
 
 
 
The table shows the supposed metallic structures of some fcc-metals. 
  
fcc H-

bonding 
 || || | | | | | | |         —— 

 103Rh 192Ir 27Al 59Ni 106Pd 195Pt 63Cu 108Ag 197Au 207Pb 40
αCa 88

αSr 
RH — + — — —  — — — + — — 
F,P,D P P P F P P D D D D P P 
El. c. 210 200 380 140 95 100 600 630 450 50 300 76 
sp s 4,7 4,83 5,1 4,97 3,07 2,68 3,57 2,6 1,74 1,26 3,81 — 
a-11m 38 38 40 35 39 39 36 41 41 49 56 61 
d 27 27 28 25 28 28 26 29 29 35 40 43 
/Gpa 150 210 26 76 44 61 48 30 27 5,6 7,4 6,1 
˚C  1964 2466 660 2913 1555 1768 1085 962 1064 327 842 777 
g/cm3 12,46 22,65 2,7 8,91 12 21,1 8,92 10,5 19,3 11,34 1,55 2,63 
 
Comment to the table: Remarkable are Ir and Rh with its great rigidities and Ca, Sr, Pb with 
its small rigidities. The lattice constants a of Ir and Rh are significantly smaller than the lattice 
constants of Ca and Sr. Therefore there must be a different bonding for the compared 
elements. It is assumed that the bonds of Ir and Rh consists of 2 H’s parallel (||), whereas the 
bonding of Ca and Sr consists of one H  (|). 
Then compare 39K with 40Ca. All parameters are in the same range but Ca is a significantly 
better electric conductor than K. Why? α-Ca has an fcc structure with 12 bonds between the 
atomic cores whereas K has only 8 (its structure is bcc). Electric conduction obviously 
depends on the number of connecting H’s. 
Above we concluded that for bcc metals the conductivity decreases with increasing mass 
number A. So the value for the conductivity of Ba is only 3. But for the “heavier”  fcc-
structured Au it is 45! For Au the 12 bonds prevent the atomic cores from excessive thermal 
vibrations.  
The propagation of the polarization state (= electrical conduction) has a better efficiency.  
The mass number of Au and Pb are near by but the conductivity of Pb is very poor (5). Why? 
The cause for the poor conductivity of Pb is probably the broad mix of isotopes: 206Pb, 207Pb, 

208Pb, 204Pb. The unalloyed Pb isotopes are possibly better conductors than the isotope-alloy.  
The big difference between Au and Pb regarding the conductivity is unexplainable in terms of 
current “current”  theory.  The crystal structures of Au and Pb are the same; only the nuclei of 
Pb are a bit heavier.  
According to quantum physics the atoms of the Pb isotopes do not differ from one another 
regarding their physical properties because the number of neutrons that characterize the 
isotopes is irrelevant for the physics of the atoms except that the “inert” mass is different.   
Why can electrons of an Au wire so easier drift through the lattice (or on the surface of the 
wire) than Pb electrons do? 
 Even not all isotopes of Pb must have necessarily the same crystal structure. Lattice structure, 
type of H bonds (||, —, ——) mass number A and probably the structure of the atomic kernel 



and the magnetic couplings between the kernels and the linking H’s exercise an influence on 
conductivity. 
What is the cause of diamagnetism of Cu, Ag, and Au and Pb? A diamagnetic element shows 
a weak repulsion in a magnetic field. Recall that the smallest repulsion is observed for 209Bi. 
Bi has a rhombohedral crystal structure. Probably the elementary magnets are blocked by the 
rhombohedral structure and by the huge dimensions of atomic kernels.  
Let us now compare Al with Au: Al has the same crystal structure (fcc) as Au, but Au has an 
atom core that is about 12 times greater. May be that therefore the elementary magnets are 
blocked and cannot respond to an applied magnetic field. 
 
Regarding conductivity, we see that hydrogen bonds in series (——) are better conductors 
than double bonds (||). When electrical conduction means a propagating polarization state then 
single bonds in series are more capable to propagate this state. 
Imagine the lattice of Ag or Au as an elastic 3D-mattress. Both lattice spacing and lattice 
structure of Ag and Au are the same. The sole difference between Ag- and Au mattress 
concerns the  lattice points.  
The nodal points  of silver Ag-107 contain: ((4 x107) –2 x 36))/4 =  89 H.  
For 197Au: = 179 H.  
The atomic cores in the lattice points and the hydrogen linkages are connected by magnetic 
coupling. Obviously the elasticity of this coupling depends on the configuration of the cores 
and their quantity of hydrogen constituents.  
 
HCP Structure 
 9Be mixMg 45Sc 89Y 48Ti 91

αZr 65Zn 112Cd 59
αCo 101Ru 190Os 

  D 9 > 0.0 P315 P 2  P150 P 120 D 11 D 20 F P 43 P 10 
el. C 250 23 2 1.7 2.3 2.4 17 14 17 14 11 
sp s 13 4,6 — 3,3 4,14 3,8 3,7 2,31 4,72 5.97 4.94 
/Gpa 132 17 29 26 44 33 43 19 75 173 222 
Comments: Ru and Os, Zn and Cd, Ti and Zr, respectively, have similar physical properties. 
Electrical conduction decreases with the increase of mass number A, except for Ti and Zr. It 
is an open question why Zn and Cd are diamagnetic. But this diamagnetism is minor, like 
the paramagnetism of Ru and Os. Diamagnetic Bi for example has 280 10-6 c.g.s. units. 
Note that 59

βCo has fcc structure. 
Remarkable is Berylium Be: It possesses a high speed of sound (13 
km/s) and is therefore also a very good conductor: 250  105 S/m.   
Boron B possesses the reverse property: high speed of sound (16,2 km/s) 
but very low conductance: 0,0001 S/m. 
Concerning Boron a mechanical longitudinal wave proceeds very fast, 
but a polarization wave can be obstructed  by “entangled” 
dipoles….The structure of B is simple trigonal, that of Be is simple 
hexagonal, this makes the difference!  
(Figure Wikipedia, Rhombhedral) 
 
Among the elements with simple trigonal structure Hg, Sm and Te are bad conductors but 
have speed of sound from 1,4 to 2,6 km/s.  
But the simple trigonal Antimony (Sb)  is  a good  conductor (250  105 S/m, its speed of 
sound is 3,4 km/s. 
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