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Harmonice Mundi - The Harmony of the World

Ionization Energies of the Elements Manifest Natural Harmonies
of Elemental Eigen Frequencies
Atoms are antennas that emit and absorb electromagnetic waves
Elements are specific arrangements of hydrogen atoms
(Prout 1819)
Extra nuclear electrons of Bohr’s atomic model untenable

Pythagoras

Kepler

Music theory
The succession of the tones C, D, E, F, G, A, B, C’ is the C’ major
scale. These are the white keys on the piano.
Two examples for harmony: Middle C and the consecutive high C’
sound good together. So do middle C and G.
Why? It is a matter of frequency relations. High C has twice the
frequency of middle C and the frequencies of G and C are in a
3:2 ratio.
From wikipedia a short reference to
The Pythagorean Scale
... If the starting note C is the frequency "f", then C an octave higher is 2f.
The notes of the ascending Pythagorean C major scale are
C= f, D = 9/8f, E = 81/64f, F = 4/3f, G =3/2f, A = 27/16f, B = 243/128f, and C = 2f.
The major scale based on C:
Note

C

Ratio
Step

1/1

D

E

F

9/8
81/64 4/3
9/8
9/8
256/243

G

A

B

C

3/2
27/16 243/128
2/1
9/8
9/8
9/8
256/243

Frequency ratios of music: perfect 5th = 3/2

major 2th = 9/8 = 144/128 = (3/2)2 × ½; ditone,
minor 2th = 16/15;
major 3th = 81/64 = 162/128 = (3/2)4 × (½)2;
minor 3th = 5/6; 243/128 = (3/2)5× (½)2;
perfect 4th = 4/3 = 2/3 × 2;
Pythagorean major 6th 27/16 = 216/128 = (3/2)3 × ½; minor 6th: 5/8;
major 6th = 3/5; septimal major 6th = 12/7;
major 7th = 8/15; minor 7th = 5/9;
256/243 = (4/3)/(8/9)2 = Pythagorean semi-tone =1.0535;
243/128= 1.898 = B.
There are also meantone intervals. See Wikipedia.
Atoms and ions possess specific Eigen frequencies. Ionization must be understood as
liberation of an electron due to the achievement of a resonance frequency.
Thesis: Resonance or natural frequency ratios for different elements are identical with
ionization potential (IP) ratios.
Example of IP ratios:
Ne/Rn = 2.0063 = 2 octaves!
Kr/Ar = 0.8883 ≈ 8/9 =144/128 (= 0.888) = major second!
Causal explanation:
Ionization is the process where an electron is released due to a resonance catastrophe. The
predominant factor for resonance is frequency. Therefore ionization energies depend on
resonant frequencies only and the proportionality
EIonization ∝ ν can be used.
So ratios of ionization energies are identical with natural frequency rations of the elements
considered!
However, there are harmonic and inharmonic frequency ratios! In music, inharmonicity is
not always unpleasant.
Before going further with ionization details and the role of Planck’s constant h, in the
following a lot of examples are given that show integer ratios of ionization energies.
Standard atomic model cannot explain this….

Integer ratios of natural frequencies of atoms and ions
The following table shows the ratios of the ionization potentials IP for ions and the ionization
potential of hydrogen: IP/IP-H
Each of these ions has in the Bohr model one electron. When a frequency has the magnitude
of a natural frequency of the oscillator, the oscillator breaks down due to the so-called
resonance catastrophe. The predominant factor for this resonance phenomenon is frequency.
The corresponding energy is proportional to frequency and is identical with ionization
energy. Therefore the ratio of ionization energies is also the ratio for the frequencies:
IP-Ion/IP-H = (νion /νH) = (A/2)2 for even mass numbers and
(A-1/2)2 for odd mass numbers A.

The scope of our considerations is to show that atoms and ions are oscillators with Eigen
frequencies
Ionization H and 1-electron ions: harmonic frequency ratios
IP/IP-H
ν/ν H
Atom A IP (eV)
= ν/ν H
ν/ν H
Ions
octaves ratio
H
D
He1+
Li2+
Be3+
B4+
C5+
N6+
O7+
etc.

1
2
4
7
9
11
12
14
16

13,59843
15,46658
54,418
122,454
217,719
340,223
489,993
667,046
871.41

1
1.1374
4
9
16
25
36
49
64

1
+1/7
+3
+5
+7
+9
+ 11
+ 13
+ 15

8/7
3/1
5/1
7/1
9/1

Regarding H and D, they have the same atomic number Z = “1”, but ionization energy is
different due to different masses. Ionization energy does not depend on atomic number Z.
See the article Moseley’s law refutet where I show that atomic numbers are pointless.
Consider the step from H to He1+, ionization potential and frequency ratio is 4-fold!
In terms of Rydberg frequency the natural resonant frequency to ionize a
1-electron He ion (He1+) is:
ν = 4 × 3.28 1015 /sec = 13.16 1015 /sec. The corresponding wavelength is λ = c/ν = 2278 Å
There are other whole number multiples for ratios of ionization energies for the following
ions:
He 1+ / Be1+
Li1+ / B1+
Li 2+ / He
B 3+ / C3+

54.41776 / 18.21114
75.64 / 25.1548
122.45429 / 24.58739
259.37521 / 64.4939

= 2.988 ≈ 3
= 3.007 ≈ 3
= 4.980 ≈ 5
= 4.022 ≈ 4

Johnson [jon] described the surprising patterns because of which ionization data show that
the Bohr atomic model is untenable:
Examples:
NEUTRAL helium has two (electrons), but if the helium is singly ionized, it also has one
electron. NEUTRAL lithium has three electrons, but doubly-ionized lithium has one.
NEUTRAL beryllium has four electrons but triply-ionized beryllium has one. And so on. ...
Cοnsider these one-electron ions: the Bohr formula for the ionization energies works.
Ei = 13.6 (Z/n)2 where Z is atomic number, n = quantum number = 1.
Example second ionization of He: EII = 13.6 (2/1)2 = 13.6 × 4 = 54.4 eV.
Johnson: This is quite close to being a 1: 4 proportion, within 1/20 of one percent! We might
then look at the Lithium II value of 122.454353 and see that it is remarkably close to NINE
times the hydrogen value, again around a match of around 1/20 of one percent. Could this
be some sort of fluke, where the universally accepted experimental data
seems to have a remarkable match with the square of the electric charge of
the nucleus? No!
We can interpret the ratios of ionization potentials of ions and hydrogen as
ratios of resonant frequencies. These resonant frequencies release an electron
from the atom or ion.

Obviously the row 1, 3, 5... for ionization potentials indicates also that this row is a
sequence of frequencies because it has the form of octaves. Like in a music instrument the
rows 1, 3, … represent standing waves of an oscillator.
For example for the He1+ ion the ratio of its resonant frequency to that of hydrogen is 4. At
the same time this is the ratio of the frequencies of the ground states.
But the secret of the atom remains: why is the resonant frequency for the release of the
second electron of He four times of the resonant frequency for the release of the hydrogen
electron?
He consists in the Proutian atomic model of 4 hydrogen atoms. And the first electron is
easier to liberate than the second one!
The atom is a musical instrument that produces “sounds” due to standing waves.
But the oscillatory atom interacts with the aether. Spectra are the result of a forced
vibration of the aether; the atomic oscillations are the exciting frequencies.
The best example is the Balmer formula for frequencies: The first term is to represent the
Eigen-oscillation of the atom, the second term to represent the Eigen-vibrations of the aether.
In terms of music: there are two instruments that interact. The result is the frequency
spectrum.
The ionization process probably changes the atomic structure. Therefore the oscillatory
feature must change and so must the spectra.
We compare now the ions with 2 electrons, see the following table.
For the ratio of frequencies there is a rule that indicates the influence of the factor mass A:
For instance for Li1+ the ratio ν/ν He is (7/4)2.
The numerator 7 of the ratio 7/4 is 7 = A
For instance for Be2+ the ratio ν/ν He is (10/4)2.
Or: ν/ν He = (10/4)2 =( (A+1)/4)2
The result for the square root of the frequencies ratio is interesting: We obtain a constant
interval of ¾. Therefore the increase of frequency is parabolic.
All ionization potentials of iso-electronic ions show parabolic functions. See [jon] and [lec]
for details.
Analogy: Sounding bodies of organs or of marimbas would decrease parabolically…
Atom
Ion

Mass
#A

IP (eV)

He
Li1+
Be2+
B3+
C4+

4
7
9
11
12

24,588
75,64
153,897
259,375
392,087

IP/IP-He
≈ ν/ν He

step

1,002 = (4/4)2
1,752 = (7/4)2
2,502 = (10/4)2
3,252 = (13/4)2
4,002 = (16/4)2

16/16
33/16 = 3×11/16
51/16 = 3×17/16
69/16 = 3×23/16
87/16 = 3×29/16

step
√ν/ν
4/4
7/4
10/4
13/4
16/4
He
2

2

2

(7/4) = (A) /4
(10/4)2 = (A+1)2/42
(13/4)2 = (A+2)2/42
(16/4)2 = (A+4)2/42

3/4
3/4
3/4
3/4

A remarkable result is the harmonic integer value for the ratio of frequencies:
C4+/He = 392.087/24.58739 ≈ 16 = ν/ν He
Resonant frequencies of He and C4+ show precisely the ratio 1:16, this result should be
explained in terms of atomic structure!
Consecutive ionization energy ratios:
IP ratio
IP ratio
IP ratio
IP ratio

Li1+ / He =
Be2+ / Li1+ =
B3+ / Be2+ =
C4+ /B3+ =

3.0625
2.034
1.6854
1.51166

=
∼
≈
≈

49/16
2:1
5/3
3 : 2 —> perfect 5th

Remarkable is also the ratio of ionization potentials for helium and molecular hydrogen:
24.588/15.426 = 1.594 ≈ 1.6 = 8/5. Compare: The Pythagorean minor 6th = 5/8
The following tables show other frequency relations. Of course there is not only one
possibility for data fitting. It was attempted to find frequency ratios that possess integers
2n, 3n, 5n or 6n as denominators.
Ion
B 1+
C 2+
N 3+
O 4+

Mass # A
11
12
14
16

Ion
C 1+
N 2+
O 3+
F 4+

A
12
14
16
19

H
He
Li
Be
B
C
N
O

A
1
4
7
9
11
12
14
16

IP (eV)
IP (eV)
25.1548
47.888
77.473
113.898

IP (eV)
24,383
47,4487
77,4128
114,243

IP eV
13.5984
24.58716
5.392
9.322
8.29764
11.26078
14.5338
13.6181

IP/IP-B1+ ≈ ν/ν B1+
128/128
1.904 ∼ 243/128 = 1.898 = B*
3.08 ∼ 394/128 = 3.078
4.528 ∼ 145/32 = 4.53

IP/IP-C1+≈ ν/ν C1+

step

1,95 ∼ 49/25 = 1.96
3.175 ∼79/25 = 3,16
4.69 ∼117/25 = 4.68

24/25
6/5 minor 3th
38/25

IP ratio = ν ratio
H/He = 0.553 ≈ 5/9 = 0.5555: minor 7th = 5/9
=
ν/νC= 1.808 ∼ 9/5 = 1.8; He/B = 2.963
He/H
Be/B = 1.12345 ≈ 9/8 = 1.125 = major second
B/C = 0.7368 ≈ ¾ = perfect 4th
N/C =1.29 ≈ 9/7 = 1.286 = septimal major 3th
N/B = 1.7515 ≈ 7/4; N/Be =1.559 ≈ 8/5= 1.6 = minor 6th
O/Se 1.3964 ≈ 7/5 = 1.4 = lesser septimal tritone (IP Se = 9.7524)

We can expect that the special groups of the elements show harmonic frequency ratios.
This is the case:
Ratios of ionization energies for noble gases
Atom IP (eV)
IP/IP-He ≈ ν/ν He
= IP/IP-He
He
24.58739 1.000
= 64/64
Ne
21.56454 0.877 ∼ 56/64 = 7/8 = 0.875
Ar
15.75961 0.641 ∼ 41/64 = 0.641
Kr
13.9996
0.569 ∼ 73/128 = 0.570
Xe
12.12984 0.493 ∼ 32/64 = ½ = harmonic
Rn
10.7485
0.4372 ≈ 28/64 = 0.4375

Earth alkali elements
Atom
IP (eV)
ν ratio
= IP/IP-He
Ca
6.1132
Mg
7.6464
Mg/Ca = 1.2508 ≈ 5/4

Halogens
Atom
IP (eV)
I
10.4513
F
17.422
S
10.36
Se
9.7524
Te
9.0096

Frequency ratio

ν

Ne/Rn = 2.0063 = 2 octaves; Ne 4+/O 2+= 5/4 = major 3th
Kr/Ar = 0.8883 ≈ 8/9 =144/128 = 0.8 8 : major second

major 3th

ν ratio
= IP/IP-He
F/I = 1.667 ≈ 5/3 major 6th
S/Se = 1.0623 ≈ 17/16 = 1.0625
S/Te = 1.15 ≈ 8/3 = 1.143

Hydrogen consists of p+ and e-. With energy of 13.59 eV applied the electron e- breaks away.
Li can be thought of as a kernel with one pending hydrogen atom. This H is on one side
supported like a cantilever beam. Therefore it has only a small natural frequency and can be
easily destroyed.
The same considerations apply accordingly for the other alkali elements. This is the cause
because alkali elements cannot be compared to the other elements that possess another
layout.

Does the Bohr model possess any physical meaning?
The ionization energy to remove one electron from C4+ (392.087 eV) is 15.95 ≈ 16 times the
ionization energy of He (24.58739).
The Bohr model explains that shielding of the second electron is the cause that this energy is
not 62 = 36 times the ionization energy for He. This claim should be rendered more
precisely! So it covers ignorance.
Consider the ionization energy ratio Li 2+ /He = 122.454/24.588 = 4.98 ≈ 5! Auxiliary
hypotheses of QM cannot give causal explanations for integer ratios of ionization energies…
Consider this: Ionization energy of Ge is 32-fold of H, if we adapt the radius of the circling
electron of Ge to get that energy, the corresponding radius would be √32 /32 × Bohr radius
= 0,177 × 52.9 = 9.4 pm but atomic radius of Ge is125 pm!
Another theme is the claim of uncertainty of location and velocity of atomic electrons
according to Heisenberg or the assertion of Born that there is only a probability of finding an
electron at a certain position.

But the pride of QM is to determine ionization energies quasi with certainty!
NIST pictures electron orbits! The claim of NIST is:
W.C. Martin, A. Musgrove, S. Kotochigova, and J.E.
Sansonetti
National Institute of Standards and Technology
Gaithersburg, MD 20899
… The uncertainties are mainly in the range from less than one
to several units in the last decimal place, but a few of the values
may be in error by 20 or more units in the final place; i.e., the
error of some of the two place values could be greater than
0.2 eV…
Although no more than four decimal places are given, the accuracies of some of the
better known values would, in eV units, be limited only by the uncertainty in the
conversion factor, 1.239 842 44(37) × 10-4 eV/cm-1.

Conclusion:
Concerning ionization energies there are errors due to the experimental procedure. But are
there “true„ data for ionization energies? No! Take for example a sample of 10.000 orthoHe-4 atoms. They possess the same layout but regarding the bonding of the 4 hydrogen
atoms that form ortho-He-4 there are minor discrepancies that cause minor differences of the
ionization energies due to different boundary conditions.
So it seems to be possible to say that the frequency ratio of 4.98 for Li 2+ to He ≈ 5 and this
are 5 octaves.
Examples show many integer ratios for ionization energy ratios. This cannot be by accident!
When integer ionization ratios correspond to frequency ratios then harmonies between the
elements can be assumed…

Ionization
Ionization of hydrogen
The hydrogen atom consists of one proton and one electron, which are magnetically coupled.
Hydrogen is therefore an oscillator with natural frequencies. The old Rutherford-Bohr model
with segregated proton and electron and with quantum jumps of electrons is untenable. See
my relevant articles!
Ionization means the separation of proton and electron because the result is two ions, the
positively charged proton p+ and the negatively charged electron e-.

Ionization by resonance
If the hydrogen atomic oscillator can be excited to a frequency that corresponds to a natural
or Eigen frequency, then the resonance catastrophe is proceeding. The result is the separation
of proton and electron. Generally, a laser beam can be tuned in resonance to Eigen
frequencies of elements or molecules in order to remove an electron.
To excite the atom to its resonance frequency work must be done. The
energy necessary to ionize hydrogen is 13.6 eV. Recall that the
predominant factor during resonance is frequency. The work done to
ionize hydrogen must therefore be expressible as a function of frequency:
EIonization ≈ h ν ≈ 13.6 eV where h is a constant.
Note that EIonization ≈ h ν is a proportionality for this special cas of resonance and not a natural
law E = h ν for any wave! Explanation in the following. —>
————————————————————————————————————

Energy of aether waves
Generally the energy of a wave also depends on amplitude A:
E ∝ A2 ν2 ∝ A2 νc/λ.
In the range of high frequencies it is plausible that amplitude is not arbitrarily variable but
depends on wavelength.
For the relation A2 ∼ λ/4 for instance, radiation energy is a function of frequency only:
E ≈ h ν, where h is proportionality constant. h is simply the slope of the function E = h ν.
Because any wave needs a carrier, h expresses qualities of this carrier that is the dielectric
aether.
Note that ν and λ are frequencies and wavelengths of dielectric aether waves whereas the
electric and magnetic waves of Maxell’s theory are accompanying waves of aether waves!
The frequency range of X-radiation is from 1017 -1020 Hz; the frequency range of γ-radiation
is from 1020 -1030 Hz. These high-energy radiations are predominantly due to longitudinal
waves; hard γ-rays are probably pure impact waves. But not photons are quasi the bullets but
electrons and positrons, which are the constituents of the dielectric aether.
—————————————————————————————————————
For visible light the amplitude of the wave must be considered according to E ∝ A2 ν2:
Take for example the two red Balmer lines, which possess wavelengths and frequencies of
almost the same size. But intensity of the “thick” line is 1.5-fold! Why? This is due to
greater amplitude. If the amplitude of the thicker line is √1.5 = 1.225-fold, then intensity is
1.5 fold.
Broadcasting: Frequency modulation (FM): due to constant amplitude, energy varies with
frequency squared.
—————————————————————————————————————
Ionization energies depend on resonant frequencies only; therefore the proportionality
EIonization ≈ h ν can be used.
————————————————————————————————————
The photoelectric effect explained in terms of wave and antenna theory yields also 4.13 for
the constant h, which is nothing other than the slope of a simple linear function E ≈ hν.
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
Electromagnetic radiation is continuous and not quantized!
Quantized are the natural frequencies of the atomic and molecular oscillators only!
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
Elements possess specific Eigen frequencies..
The building block of all atoms is hydrogen (Prout in 1819).
He-4 for instance consists of 4 hydrogen’s that are magnetically coupled.
——————————————————————————————————

Hydrogen thought of as a beam
Beams can execute transverse, longitudinal and
torsional oscillations or any combinations of them
1: Transversal oscillations of a beam
Assumption: the hydrogen atom is a structure of positrons
and electrons that are magnetically coupled. In order to
explain the quantum frequency ratios of ionization the
hydrogen is treated as a beam of a continuous medium
with length L, Young’s modulus E, moment of inertia I,
density ρ and area A.

ω n= kn (1/L2) √ EI/Aρ
support

k1

k2

k3

22.4

61.7

120.9

9.87

39.5

88.8

22.4

61.7

120.9

15.4

50.

104.2

3.52

22.

61.7

So for a pinned-pinned beam the first natural frequency is ω1 = (k1/L2)√EI/ρA,
where k1 = 22.4. The second natural frequency is 61.7/22.4 = 2.754 ∼ 11/4 = 88/32 times
greater. (120.9/22.4 ∼ 173/32! 120.9/61,7 ∼ 2!)
Because the length L of the hydrogen building blocks varies with changing force
constellations of the elements, E is thought to vary with length too.
Then I, ρ and A also vary with L. So the limitations of this modeling become evident!
Quantum mechanics of transverse beam vibration
ωn = (kn/L2)√EI/ρA; table for kn/π2
http://fte.edu.iq/eftrathya/37.pdf
end conditions
k1/π2
k2/π2
k3/π2
k4/π2
1st
2st
k2/ k1 3st
k3/ k2 4st
k 4/ k 3
clamped-clamped
2.27
6.25 7/4
12.26 ∼ 8/4
20.25 ∼ 5/3
or free-free
pinned-pinned
1
4
9
16
clamped-pinned
1.56
5.06 13/4
10.54 ∼ 8/4
18.06 ∼ 7/4
clamped-free
0.36
2.27 ∼ 25/4 6.25
7/4
12.26 ∼ 8/4

k5/π2
5st
30.25

k 5/ k 4
6/4

25
27.56
20.25

∼ 6/4
∼ 66/4

interval
4,6,8,10
3,5,7,9
2,4,6,8

Concerning the influence of L to ω we assume tentatively for ω ∼ (1/L4)
Regarding the elements according to their atomic number from 1 – 7 (H to O) two frequency
jumps are remarkable: with respect to H, He possesses a natural frequency that is about 35%
greater. Why?
When H is thought of as a beam, this beam is a free-free one (unsupported) whereas the
hydrogen atoms that build up He are fixed-fixed or clamped-clamped beams.
Free-free and clamped-clamped beams possess the same first natural frequency.
Here ionization potential of He is 1.345 times ionization potential of H. If the length of H
inside of the He atom is 0.9285 times shorter than that of a free H then the ionization
potential is 1.345 times greater than that of free H. (1/0.92854 =1.345)
The hydrogen atoms that constitute He are compressed, shorter length explains greater
frequency.
Li on the other hand must be thought of as cantilever beam. A clamped cantilever beam
natural frequency is only 16% of the free-free beam. Here we assume that clamping
is not 100% but elastic...
All alkali elements possess this sort of clamped cantilever beams...
2: Longitudinal and torsional vibrations
We should also take into account longitudinal oscillations.
Natural frequencies are:
ωn = (nπ/L) √E/ρ. The interval is exactly one octave!
For a cylindrical rod the torsion natural frequencies are:
ω = (π/2L)√Gg/γ, (3π/2L)√Gg/γ, (5π/2L)√Gg/γ, so the interval is 1, 3, 5,
Above we interpreted the obtained ratios of ionization energies as resonant frequency ratios.
For the current quantum theory Z means both the number of extra nuclear electrons and the
number of protons. The claim is that the atom possesses no more than Z electrons that can be
liberated by ionization.
The neutrons are not treated as composites of proton and electron but as elementary atomic
particles that can be transformed into proton and electron only via a nuclear process.

We showed that this theory is untenable. Nuclear neutrons are in reality hydrogen atoms
that form the atom. Only during fission some hydrogen atoms are excited to H* and decay.
Therefore H* —> p + e.

Ionization according to a Proutian atomic model
Consider now one proton and one electron as a beam. The proton and the electron are
magnetically coupled and constitute hydrogen, H.
A resonance frequency of this beam can destroy this beam and liberates this way the
electron.
Electrons e- and protons p+ are now considered as ring magnets.
Exemplary explanation how ionization of He-4 goes on: To remove the first electron, work
must be done. In terms of electron volts (eV) there are 24,587 eV necessary to liberate on
electron. To liberate the second red electron more energy is required, namely 54.418 eV.
Why must much more work be done to remove the second electron?
The reason is that now the first liberated electron is missing and therefore its repulsive force
also is missing. Without the assistance of the repulsive force of the ionized first electron the
necessary work to remove the second electron must be greater!

The role of isotopes
The role of atomic mass number A
Ionization energy tables don’t discriminate between isotopes, for silver for example there is
only one ionization potential mentioned, notwithstanding that it consists of Ag-107 and
Ag --109. This is impossible…
Ionization energies of H (A =1, 13,59843 eV) and D (A = 2, 15,46658 eV) for example are
remarkably different, so we conclude that the structural layout of an atom and the number of
mass units determine ionization energies
For H, D, He and H2 exist para- and ortho-varieties. There are no experiments concerning
ionization for these varieties. Ionization potentials of ortho respective para atomic layouts
should show distinct magnitudes!

Consider for example H2 and D:
According to QM molecular hydrogen H2 consists of two separated protons H that are
covalently connected due to the two electrons.
I propose that a hydrogen atom consists of proton and electron (p+ + e-) that are magnetically
coupled.
In a Proutian atomic model H2 is not a molecule but an atom. As a consequence we
distinguish two allotropes of deuterium: α D and β D . The two hydrogen’s that form
deuterium allotropes can be either connected in series or parallel.
According to the directions of the magnetic moments both
or para- modalities. See the figures.

αD

and β D can be either ortho-

As the reported ionization potential of H2 is bigger than the ionization potential of D, H2 can
be thought of as a compound of two hydrogen’s parallel because in this case the ionization
energy in order to liberate an electron is bigger.
For positronium Ps, dissociation energy is 6.8 eV = 13.6/2. Ps is an association of electron
and positron.
Hydrogen ionization potential compared to ionization potential of D, H2 and Ps (eV)
H
H2
D
Ps
13,59843
15.42593 13.59477
= 13,6 /2 !

Consider now an example for roughly the same ionization potential (metals Ti and Zr) but
with great differences regarding A.
Ti
Zr
∆
(TTi)Ti)

A
47.88
91.22
43.34

IP
6.82
eV
6.84
0.02

Example for roughly the same ionization potential (metals Ir and Pt) but with minor
difference regarding A:
Ir

192

8.967

Pt

195

8.9587

∆ (Ir – Pt)

0.0083

For metals Ti and Zr the first ionization potential is almost identical. But A of Zr is roughly
twice the corresponding magnitudes of Ti!
Conclusion:
When the Ti and Zr atoms are thought of as conglobates layouts of building blocks then
ionization takes place at the outermost layer. Mass A plays a minor role for ionization
energy.
That the surface of the atomic structure plays the major role for ionization is also evident
when Ir is compared to Pt: In the gaseous state both, Ir and Pt, can be imagined as corpuscles
with nearly the same dimensions. The content of these corpuscles is irrelevant regarding the
energy that is necessary to liberate an electron from the surface.
The minute difference of ionization energies is due to a minute difference of the boundary
conditions of a surface hydrogen atom the electron of which is removed due to ionization.
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Appendix I
Herve LeCornec [lec]

Figure: square root of ionization potentials EZN, divided by the one of
hydrogen E11, with respect to the atomic number Z. N is the number of electrons
in the atom. Lines join the experimental data for each isoelectronic series of
atoms, dotted lines in case of interpolation when data is missing between two
measures...

We have no theoretical explanation yet to this distribution of AIP : quantum mechanics did
not forecast this atomic property despite its simplicity and its universal character
among the periodic table. According to R.P. Feynman7, the ionization potential
represents the most fundamental energy level of atoms but the quantum mechanics is unable
to calculate its exact value if there are more than 1 electron....
The lines of figure 1 demonstrate that we can calculate the AIP E of an atom, having
Z protons and N electrons, with the following formula:
EZN = E11 [ Z / x - (N-1) / y ] 2
where x and y are two constants depending upon N. If n is the first quantum number, the
constant x is equal to 1/n for the two first layers, but for the others it oscillates between 0.25
and 0.40. We ran a simulation with the former formula by calculating the square
root of AIP for atoms with N <19, and considering that y = n +0.5 : the agreement with
the experiment is very good (see table1) despite that this formula is unable to
distinguish sub layers s, p or d and of course that it has no theoretical foundation to
justify its existence.
ZN

Appendix II
Pickering wavelengths
Consider the step from H to He1+, ionization potential and frequency is 4-fold !
In terms of Rydberg frequency the natural resonant frequency to ionize a
1-electron He ion (He1+) is:
ν = 4 × 3.28 1015 /sec = 13.16 1015 /sec. The corresponding wave length is λ = c/ν = 2278 Å

The reported Pickering wavelength is 4542 Å, —> ν = 6.6 1015 /sec (Pickering observed a
series of He1+)
Claim: A Pickering radiation series of an excited helium He1+ ion possesses the limit
frequency: ν = 4×(1/2) 3.29 1015 /sec = 6.58 1015 /sec and λ = 4556 Å !
The observed wave length (4542 Å) is only 14 Å smaller. Note that observed lines are a bit
ambiguous and that here some lines come together.
Of course the Pickering series are not necessarily Lyman or Balmer like series! Then note
that lines are densely distributed… Two other lines that are called Pickering lines are
10124 Å or ν = 2.96 1015 /sec and 5412 Å or ν = 5.54 1015 /sec.
To fit the data one can assume for these lines:
10124 Å; ν = 2.96
15
10
/sec
5412
Å; ν = 5.54
1015/sec

ν = 2 × 3.29 1015/sec (1 – 35/64) = 2.98 1015/sec
ν = 2 × 3.29 1015/sec (1 – 10/64) = 5.55 1015/sec

Or alternatively:
5412 Å; ν = 5.54 1015/sec
10124 Å; ν = 2.96 1015/sec

ν = 2 × 3.29 1015/sec (1 – 1/(5/2)2) = 5.53 1015/sec
ν = 2 × 3.29 1015/sec(1 – 1/(4/3)2) = 2.88 1015/sec

/sec

Appendix III
Fibonacci Integers: 1
Ratios:
.5

2

3
.67

5
8
13
.6 .625 .6153845

13/8 = 1.625; 21/13 = 1.615384; 34/21 = 1.619047

21
34 …
.61904752 .61765

