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Abstract

The so called Lifshitz transition in which the heating of rare earth metal leads to a mys-
terious disappearance of some valence electrons is a longstanding puzzle of atomic physics.
The identification of dark matter as phases of ordinary matter with non-standard value
heffh = n × h of Planck constant suggests an explanation in terms thermally induced tran-
sitions of valence electrons to dark states with smaller binding energy proportional to 1/n2.
This could be achieved also by irradiation. If this is true, an entire spectroscopy of dark atoms
is waiting to be discovered. Also biologically important ions proposed to be dark could be dark
atoms in the sense that some valence electrons are dark. This finding inspires the question
whether also ordinary valence bonds could correspond to non-standard value of n.

This picture leads to a new formulation of valence bond theory. The lengths of molecular
bonds vary in rather narrow range whereas Schrödinger equation suggests that the bond
lengths r should scale as r ∝ m2/Z2 for n = 1 (m labels the rows of the periodic table).
Closed shell electrons screen Z to Zeff = nV , nV the number of valence electrons so that
the formula e = n2m2/Z2

eff is a more natural starting point, and conforms with the basic
idea about periodic system. This leads to a model allowing to estimate the value of n for
given bond allowing also qualitative picture about electro-negativities of valence bonds. Also
a comparison with bio-chemistry becomes possible. Hydrogen bond can be understood in
terms of de-localization of proton.
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1 Introduction

The evidence for the hierarchy of Planck constants heff/h = n labelling dark matter as phases
with non-standard value of Planck constant [K3] is accumulating. The latest piece of evidence
for the hierarchy of Planck constants comes from the well-known mystery (not to me until now!)

1

http://tgdtheory.com/
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related to rare Earth metals. Some valence electrons of these atoms mystically “disappear” when
the atom is heated. This transition is known as Lifshitz transition. The popular article “Where did
those electrons go? Decades-old mystery solved” (seehttp://tinyurl.com/ychzjg8d) claims that
the mystery of disappearing valence electrons is finally resolved. The popular article is inspired by
the article “Lifshitz transition from valence fluctuations in YbAl3” by Chatterjee et al published
in Nature Communications [L5] (see http://tinyurl.com/ybejzq87).

The mysterious disappearance of valence electrons brings in mind dark atoms with Planck
constant heff = n × h. Dark matter corresponds in TGD Universe to a hierarchy with levels
labelled by the value of heff . One prediction is that the binding energy of dark atom is proportional
to 1/h2eff and thus behaves like 1/n2 and decreases with n.

n = 1 is the first guess for ordinary atoms but just a guess. The claim of Randell Mills is
that hydrogen has exotic ground states with larger binding energy. A closer examination suggests
n = n0 = 6 for ordinary states of atoms. The exotic states would have n < 6 and therefore
higher binding energy scale [L2, L3] (see http://tinyurl.com/goruuzm and http://tinyurl.

com/y7sc98lz).
This leads to a model of biocatalysis in which reacting molecules contain dark hydrogen atoms

with non-standard value of n larger than usual so that their binding energy is lower. When dark
atom or electron becomes ordinary binding energy is liberated and can kick molecules over the
potential wall otherwise preventing the reaction to occur. After that the energy is returned and
the atom becomes dark again. Dark atoms would be catalytic switches. Metabolic energy feed
would take care of creating the dark states. In fact, heff/h = n serves as a kind of intelligence
quotient for a system in TGD inspired theory of consciousness.

Could the heating of the rare earth atoms transform some valence electrons to dark electrons
with heff/h = n larger than for ordinary atom? The natural guess is that thermal energy kicks the
valence electron to a dark orbital with a smaller binding energy? The prediction is that there should
be critical temperatures behaving like Tcr = T0(1−n20/n2). Also transitions between different dark
states are possible. These transitions might be also induced by irradiating the atom with photons
with the transition energy between different dark states having same quantum numbers.

The finding [L5] (see http://tinyurl.com/ybntawq4) about misbehaving Ruthenium atoms
supports the view that covalent bonds involve dark valence electrons. Pairs of Ru atoms were
expected to transform to Ru dimers in thermodynamical equilibrium but this did not happen.
This suggests that valence electrons associated with the valence bond of Ru dimers are dark in
TGD sense and the valence bonded Ru dimer has a higher energy than a pair of free Ru atoms.
The alternative option is that darkness makes the decay of Ru pairs to Ru dimers with smaller
energy very slow.

This picture leads to a new formulation of valence bond theory. The lengths of molecular bonds
vary in rather narrow range whereas Schrödinger equation suggests that the bond lengths r should
scale as r ∝ m2/Z2 for n = 1 (m labels the rows of the periodic table). Closed shell electrons
screen Z to Zeff = nV , nV the number of valence electrons so that the formula e = n2m2/Z2

eff is a
more natural starting point, and conforms with the basic idea about periodic system. This leads to
a model allowing to estimate the value of n for given bond allowing also qualitative picture about
electro-negativities of valence bonds. Also a comparison with bio-chemistry becomes possible.
Hydrogen bond can be understood in terms of de-localization of proton.

2 About possible implications

The proposed explanation of the disappearing valence electrons allows to sharpen the hypothesis
for dark ions. Actually dark atoms with some dark valence electrons would be in question.

2.1 ORMEs as one manner to end up with heff/h = n hypothesis

I ended up to the discovery of dark matter hierarchy and eventually to adelic physics [L6], where
heff/h = n has number theoretic interpretation along several roads starting from anomalous find-
ings. One of these roads began from the claim about the existence of strange form of matter
by David Hudson. Hudson associated with these strange materials several names: White Gold,
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monoatomic elements, and ORMEs (orbitally re-arranged metallic elements). Any colleague with-
out suicidical tendencies would of course refuse to touch anything like White Gold even with a 10
meter long pole but I had nothing to lose anymore.

My question was how to explain these elements if they are actually real [K1, K2]. If all valence
electrons of this kind of element are dark these element have effectively full electron shells as far
as ordinary electrons are considered and behave like noble gases with charge in short scales and
do not form molecules. Therefore “monoatomic element” is justified. Of course, only the electrons
in the outermost shell could be dark and in this case the element would behave chemically and
also look like an atom with smaller atomic number Z. So called Rydberg atoms for which valence
electrons are believed to reside at very large orbitals could be actually dark atoms in the proposed
sense.

Obviously also ORME is an appropriate term since some valence electrons have re-arranged
orbitally. White Gold would be Gold but with dark valence electron. The electron configuration of
Gold is [Xe]4f145d106s1. There is single unpaired electron with principal quantum number m = 6
and this would be dark for White Gold and chemically like Platinum (Pt), which indeed has white
color.

2.2 Biologically important ions as analogs of ORMEs?

In TGD inspired biology the biologically important atoms H+, Li+, Na+, K+, Ca++, Mg++ are
assumed to be dark in the proposed sense. But I have not specified darkness in precise sense. Could
these ions have dark valence electrons with scaled up Compton length and forming macroscopic
quantum phases. For instance, Cooper pairs could become possible and make possible high Tc
superconductivity with members of Cooper pair at parallel flux tubes. The earlier proposal that
dark hydrogen atoms make possible biocatalysis becomes more detailed: at higher evolutionary
levels also the heavier dark atoms behaving like noble gases would become important in bio-
catalysis. Interestingly, Rydberg atoms have been proposed to be important for biology and they
could be actually dark atoms [K4].

To sum up, if TGD view is correct, an entire spectroscopy of dark atoms and partially dark
molecules is waiting to be discovered and irradiation by light with energies corresponding to exci-
tation energies of dark states could be the manner to generate dark atomic matter. Huge progress
in quantum biology could also take place. But are colleagues mature enough to check whether the
TGD view is correct?

2.3 Misbehaving Ruthenium atoms

In Facebook I received a link to a highly interesting article (see http://tinyurl.com/ybntawq4)
with title “Breakthrough could launch organic electronics beyond cell phone screens” tailored to
catch the attention of techno-oriented leader. My attention was however caught for different
reasons. The proposed technology would rely on the observation that Ruthenium atoms do not
behave as they are expected to behave.

Ru atoms appear as dimers of two Ru atoms in the system considered. Free Ru atoms with one
valence electron are however needed: they would become ions by giving up their valence electrons,
and these electrons would serve as current carriers making the organic material in question semi-
conductor. Irradiation by UV light was found to split Ruthenium dimers to single Ru atoms. If
the total energy of Ru dimer is smaller than that for two Ru atoms, thermodynamics predicts that
the Ru atoms recombine to dimers after the irradiation ceases. The did not however happen!

Can one understand the mystery in TGD framework?

1. Ru atoms have one outer s-electron at 5:th shell. One would expect that Ru dimer has valence
bond with shared 5s electrons. I recently learned about mysteriously disappearing valence
electrons of rare Earth metals caused by heating [L5]) (see http://tinyurl.com/y7cxs8uz).
This gives strong support for the idea that valence electrons of free atoms can become dark
in TGD sense: that is their Planck constant increases and the orbitals become large. The
analogy with Rydberg atoms is obvious and it could be that Rydberg atoms in some case have
dark valence electrons. Since electron’s binding energy scale scales like 1/h2eff heff/h = n×h,
the creation of these states requires energy and therefore heating is required. Also irradiation

http://tinyurl.com/ybntawq4
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by photons with energy equal to energy difference between ordinary and dark states should
give rise to the same phenomenon. This would provide a manner to create dark electrons
and a new technology.

2. This also inspired the proposal that valence bond (thought to be understood in chemistry with
inspiration coming from the reductionistic dogma) involves flux tube pair and heff/h = n
which is larger than for ordinary quantum theory. This provides new very concrete support
for the view that the transitions from atomic physics to chemistry and from chemistry to
organic chemistry could involve new physics provided by TGD [L7] (see http://tinyurl.

com/yaq3459e).

The step from atomic physics to chemistry with valence bond would involve new physics:
the de-localization of valence electrons to flux tubes due to the increase of heff ! Valence
electrons would be dark matter in TGD sense! The step from chemistry to organic chemistry
would involve de-localization of proton as dark proton by similar mechanism and give rise to
hydrogen bond and also many other new phenomena.

3. The increase of heff would reduce the binding energy from the expected. This would be the
case for so called ( and somewhat mysterious) high energy phosphate bond. This picture
conforms with the fact that biological energy storage indeed relies on valence bonds.

If this vision is correct, the breaking of valence bond would split the flux tube pair between two
Ru atoms by reconnection to flux loops associated with Ru atom. The resulting pair of free
Ru atoms would have lower energy than Ru dimer and would be favored by thermodynamics.
The paradox would disappear.

A couple of critical questions are in order.

1. Why irradiation would be needed at all? Irradiation would kick the dimer system over a
potential wall separating it from a state two free Ru atoms. Also the magnetic energy of the
flux tube would contribute to the energy of dimer and make it higher than that of free state.

2. Why Ru dimers would not decay spontanously to pairs of free Ru atoms? This is the
case if the energy needed to overcome the potential wall is higher than thermal energy at
temperatures considered. One could also argue that electronic states with different values of
heff/h = n are not in thermal equilibrium: one has far-from-equilibrium thermodynamical
state. These electrons would represent dark matter in TGD sense and interact rather weakly
with ordinary matter so that it would take time for thermal equilibrium to establish itself.

TGD indeed leads to the proposal that the formation of states regarded as far-from-thermal
equilibrium states in standard physics approach means formation of flux tubes networks with
heff/h = n larger than for the original state [L4] (see http://tinyurl.com/yamdwop9 and
http://tinyurl.com/y8f95b5z). If this interpretation is correct, then one can also consider
the possibility that the energy of the free state is higher than that of the dimer as assumed
by the experimenters.

3 Does valence bond theory relate to the hierarchy of Planck
constants?

The idea that valence bonds, or at least some of them, correspond to non-standard value of
heff/h = n [L4] is very attractive. It could allow to understand what chemical bonds really
are and allow a detailed view about how reductionism fails in the sequence of transitions from
atomic physics to molecular physics to chemistry to biochemistry.

1. The standard value of n, call it nmin need not correspond to nmin = 1 and the findings of
Randell Mills [D2] [L2] suggesting that hydrogen atom and possibly also other atoms can
have binding energies coming as k2 multiples of ordinary ones with k = 2, 3, 6, suggests that
nmin = 6 could correspond to the standard value of heff for atoms. n > nmin would mean
reduced binding energy and this would mean the possibility of high energy valence bonds.

http://tinyurl.com/yaq3459e
http://tinyurl.com/yaq3459e
http://tinyurl.com/yamdwop9
http://tinyurl.com/y8f95b5z


3.1 Transition from atomic physics to molecular physics and chemistry 5

2. The binding energy of atom would scale as 1/n2 so that for non-standard values of n > nmin

would correspond to smaller binding energy scale. The finding that heating of rare-earth
atoms leads to a disappearance of some valence electrons [L5] suggests that the value of n
for some valence electrons increases from nmin in these situation. The same effect might
be achieved by irradiation at suitable photon energies corresponding to energy difference
between ordinary state and dark state of electrons. An entire spectroscopy of atoms with
dark valence electrons would be waiting to be discovered.

3. n > nmin would explain why valence bonds are carriers of metabolic energy liberated in
catabolic part of metabolism. The temporary reduction of of n would induce a temporary
localication by shortening of flux tubes and in turn make possible bio-catalysis by kicking
the reactants over the potential wall making the reaction slow. The shortening of long flux
tube bonds between reacts as the value of n is reduced could explain why bio-molecules are
able to find each other in the molecular crowd.

4. The Bohr radii of valence electrons of atoms scale as aB ∝ m2/Z2
eff , where m (usually

denoted by n) is the principal quantum number determining the value of energy in the model
based on Schrödinger equation. Zeff is in good approximation equal to the unscreened
nuclear charge Zeff = nV equal to the number of valence electrons. If the superposition of
atomic orbitals restricted to valence bonds is the essence in the formation of molecules, one
an argue that the lengths of bonds and radii of molecules should decrease rapidly with Zeff .
However, the empirical fact is that the bond lengths vary in a rather narrow range, roughly
by factor 2!

The solution of the problem looks rather unique.

1. The value of n assignable to the valence bond is scaled so that nm/Zeff is near to unity
so that the Bohr radius is near to that for hydrogen atom. Zeff is naturally the charge
unscreened by the closed electron shells and equal to the number Zeff = nV of valence
electrons. This conforms with the periodicity of the periodic table. Since the value of n is
same for both bonded atoms, the value of Bohr radii differ which implies that electronic charge
is shifted towards the atom with larger nV and electro-negativities of atoms parameterizing
this behavior are different for the atoms of the bond. This conforms qualitatively with the
valence bond theory.

For n > nmin one would have aB ∝ (n2/nmin)2m2/Z2
eff , and if nm/(nminZeff ) is con-

stant in reasonable approximation, the estimate for bond length does not depend much on
Z. Could the weak variation of bond lengths be a direct indication that the reduction of
molecular physics to atomic physics fails? Also the size of atoms in lattice about 2aB(H)
(one Angström) depends only weakly on Zeff : could the constancy of nm/(nminZeff ) be
true in reasonable approximation also for lattice bonds?

2. The predicted lengths of valence bonds should be realistic: this forces n > nH and n ∝ Zeff

is a rough guess. One should also understand the values of electro-negativities χ(X) allowing
quantitative understanding about the distribution of charge along the bond. The bond
lengths assignable to the bonded atoms are in general different and the one one with shorter
bond length for electrons is expected to be more electronegative since the electrons for it are
less de-localized.

3.1 Transition from atomic physics to molecular physics and chemistry

The transitions from atomic physics to chemistry and from chemistry to organic and bio-chemistries
are poorly understood and the reductionistic dogma remain a mere belief. Could the valence bonds
associated with magnetic flux tubes in TGD Universe and correspond to a non-standard value of
n scaling up the value of Bohr radius by n2? Could valence electron pairs form analogs of Cooper
pairs with the length of bond defining the size scale of the Cooper pair. This could happen in
aromatic cycles playing crucial role in molecular biology. Could various high energy valence bonds
making possible the storage of metabolic energy correspond to valence bonds with n > nmin

possessing therefore smaller binding energy.
One has several options.
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1. U-shaped flux tube along single space-time sheet. U-shape would minimize magnetic energy.

2. One could have closed flux tube going along first space-time sheet A, going to second sheet
B through extremely short wormhole contact of size of order CP2 radius, and returning back
along B and back to A through wormhole contact. One would have a pair of flux tubes with
opposite values of magnetic fields on top of each other in CP2 direction. The net magnetic
field experienced by a charged particle at QFT limit would vanish: I have called this structure
wormhole magnetic field. For wormhole magnetic field the average magnetic field determining
the magnetic field at QFT-GRT limit of TGD would vanish in good approximation.

3. One could have single flux tube at sheet A going to B through wormhole contact and returning
back along different route along B and returning back through wormhole contact. For a
network of flux tubes one could have closed magnetic paths. In this case, charged particles
would experience the magnetic field of only single flux tube. This option looks very attractive
and one could realize Cooper pairs having members at different space-time sheets. The flux
could be also monopole flux possible in TGD Universe thanks to the homology of CP2.

First and third option look natural in the chemistry of valence bond. The prediction would be
that valence electrons are de-localized along these bonds. If the wave function behaves like hydrogen
atom wave function it decays exponentially with distance from each atom and a superposition of
orbitals would be in question. The Bohr radius would be proportional to n2 implying longer
de-localization scale.

For hydrogen bonds proton would be de-localized as dark proton. This could represent transi-
tion from inorganic chemistry to organic chemistry. In TGD inspired quantum biology also other
ions can be de-localized at magnetic flux tubes and these de-localizations represent a further steps
away from atomic physics.

In biology n would serve as a kind of IQ for a system: understanding why this should be the case
requires adelic physics serving as fusion of ordinary physics and physics of cognition represented
by p-adic physics [K5] [L6]. The larger the value of n, the larger the maximal value of p-adic
counterpart of entanglement negentropy, which is an analog of Shannon entropy but with algebraic
number valued probability P appearing in log(P ) replaced by its p-adic norm |P |p for a suitable
algebraic extension of rationals. This entropy can be negative and has in this case interpretation
as information. The sum of real and p-adic entropies tends to be negative and has interpretation
as a measure for conscious information.

3.2 Valence bond theory very briefly

How to test this hypothesis about valence bonds? Electronegativity and oxidation/reduction serve
as the basic notions in valence bond theory (see http://tinyurl.com/y8wyd9zm). Valence rule
tells which bonds are favored. Bond lengths and electro-negativities are basic parameters charac-
terizing bonds. Can one interpret these notions in terms of n = heff/h hierarchy of dark matters?

1. For atom, call it A, bonded to atoms B, C,.. the sum of valences of B, C,.. is the negative
of the valence of A. For H-Cl and Na-Cl the valences are +1 and -1. C as valence 4 (or
equivalently -4) and CH4 represents example of this compensation. For O2= O=O one as
double valence bond.

2. Bond length is the first key parameter allowing to get idea about valence bond. The table
of Wikipedia article about the notion of bond length gives the bond lengths of C with other
elements (see http://tinyurl.com/ya4md73c). Interestingly, C-H, C-C, C-O, C-N, C-S,
C-Se bond lengths vary, which might have interpretation in terms of varying value of n: all
bonds are important in biology. An alternative explanation for the variation would be that
there are also other atoms involved.

The range of variation is [106, 112] pm for C-H; [120, 154] pm for C-C (the upper limit is
achieved for diamond but even longer bond lengths are known), [147, 270] pm for C-N , [143,
215] pm for C-O (note that bond length for C-O-H is thus longer than for C-H), and [181,
255] pm for C-S.

http://tinyurl.com/y8wyd9zm
http://tinyurl.com/ya4md73c
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Average bond lengths tend to decrease along the row of the periodic table and increase along
column. The C-X bonds in hydrocarbons (alkenes, alkynes) are shorter than in organic
polymers in general, which supports the view that they have as organic but non-living materia
lower value of n than organic compounds in living matter. The bond lengths for C-metal
bonds are rather long, for instance for C-Mg bond length is 207 pm, roughly twice C-H bond
length.

3. Electronegativity χ is second key parameter and allows a quantitative description of valence
bonds. The rule is that the electrons of an atom with smaller electronegativity χ , call it A,
tend to be nearer to those of the atom B with higher value of χ: one says that B oxidizes
A and B is reduced. Both oxidation and reduction occur always and one talks about redox
reactions, which are fundamental in biology. The term oxidation follows from the fact that
oxygen O2 is the best known oxidant.

The values of electronegativity for various elements are listed in Wikipedia article (see http:

//tinyurl.com/pbh6r6c) and give a rough idea about what happens for the valence electrons
in various bonds. The reduction to two-atom level is only an approximation since the presence
of other atoms modifies χ. For instance, the electro-negativities of C for C=O and C-(O-H)
are different.

For instance, one has χ(X) ∈ {2.20, .98, .93, 1.00} for X ∈ {H,Li,Na,Ca} with (m,Z) ∈
{(1, 1), (2, 7), (3, 11), (4, 20)}. Clearly, one has χ(H) ∼ 2χ(X).

A naive expectation is that the atom with the smaller value of n/Z is more electronegative
(note that valence rule must be satisfied). Indeed, electronegativity increases along the
row of the periodic table. Electronegativity decreases slowly along the column of periodic
table except for the metals in the columns containing Cr, Mn, Fe, Co, Ni, Cu, Zn at top
row. Understanding the explicit dependence between χ(X) and aB(x) and other parameters
involved would require a more detailed model.

3.3 Deducing an estimate for the value of n = heff/h from bond lengths

Valence bond lengths provide information allowing to estimate the value of n = heff/h.

1. The expectation is that the bond length for bond A-B scales as the minimum of Bohr radius
for the two atoms that is minimum value of aB ∝ n2m2/Z2 for atoms A and B. Here one has
n = heff/h, m (usually n) denotes the principal quantum number of valence electron, and
Z the charge of the atomic nucleus. The atom with smaller value of m/Z should dictate the
bond length.

2. If bond length assumed to be of order Bohr radius as function of (Zeff ,m), its reduction
as function of m/Zeff is quite too slow to be consistent with m2/Z2

eff behavior expected
for ordinary Planck constant (see the table of http://tinyurl.com/pbh6r6c). The formula
aB ∝ n2m2/Z2

eff2 and the increase of n as function of Zeff compensating the reduction of
aB due to the increase of Zeff for valence bonds is suggestive.

The first guess is that the formula aB(nZeff/m) = aH holds true apart from factor of order
2. This would explain why valence bond lengths vary in so narrow length scale range. This
fact could be even seen as argument against the reduction of chemistry to atomic physics.

The model is based on the following arguments.

1. The value of n is same for both atoms at the ends of the bond. Since the Bohr radius of
atom with smaller value of nm/Zeff gives rise to a smaller de-localization length of orbitals,
the value of n for heavier atom, call it X, determines the length of flux tube which should
be of order 2 × a(X). Since the Bohr radius of the atoms with larger value of nm/Zeff is
longer, the electrons of this atom are more de-localized and tend to be nearer to atom with
the smaller value of nm/Zeff . The higher the value of Z with same value of m for both
atoms the higher the electronegativity. This conforms with empirical facts.

http://tinyurl.com/pbh6r6c
http://tinyurl.com/pbh6r6c
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2. The electronegativity of H is roughly twice the electronegativity of the alkali-atoms in the
above example. The naive application of the above argument this would suggest that
nm/Zeff for alkali atoms must be larger than n so that de-localization of electron of al-
kali atom would make hydrogen atom more electronegative. This of course cannot be the
case. The solution of the problem is that one cannot apply the rule without taking into
account valence rule. For C, N, O, F and S, Cl the electro-negativities are higher than for
H. Note that one has χ(P ) = 2.19 ∼ χ(H) = 2.20. Interestingly, P occurs with valence 5 in
phosphate.

3. n(H) = 6 suggested by the findings of Mills [D2] [L2] and will be assumed.

With these assumptions, one can consider two options fixing the value of n(X) using as a
guideline empirical data about bond lengths telling that they vary in rather narrow rang [2, 6]aH .

1. For Option I one would have a(X) = aB(H) implying that all Bohr radii and bond lengths
are same and equal to those for hydrogen. Bond length would be in good approximation
twice the hydrogen atom Bohr radius: r = 2aH . This condition is satisfied approximately for
quite a number of bond lengths. The radii however vary roughly in the range [1, 3]× 2aH .

Option I would give

n2(X) = (
Zeff

m
)2n2(H) .

For given row characterized by the value of m one would have

n(Z,m) =
ZeffnH
m

=
6Zeff

m
.

2. nH = 6 proportionality for n allows besides n = ZeffnH/m also more general option: call it
Option II. One can have

n(X,
k

l
) =

l

k
× n(Zeff ,m) =

l

k
× 6Zeff

m
,

where k ∈ {2, 3, 6} is non-trivial divisor of nH = 6 besides. This scales the Bohr radius
a(mn/Zeff ) = aH to

a(mn/Zeff ) = (l/k)2aH .

For instance, l/k = 3/2 would give Bohr radius a(X) = 9aH/4 somewhat above 2aH . l/k =
4/3 would give Bohr radius 16aH/9 and l/k = 5/3 would give Bohr radius a(X) = 25aH/9
slightly below 2aH . The largest bond lengths are about 6aH . These two mechanisms could
explain the variation of the bond length. This option would explain the bond lengths which
1− 3 times the minimal bond length r = 2aH .

3. The value of the Bohr radius is not affected much if n(Zeff ,m) is replaced with the nearest
integer. This because for large enough n one the relative change ∆r/r = ∆aB/aB satisfies
∆r/r ' 2∆n/n = (2m/ZeffnH)∆n = (m/3Zeff )∆n. This allows fine tuning of the bond
length for both options.

Consider now different rows of the periodic table for Option I. The lengths for Option II can
be deduced from this option by scaling by (k/l)2, l = 2, 3, 6.

1. m = 2: For X ∈ {Li,Be,B,C,N,O, F} with Zeff ∈ {1, ..., 7} and m = 2 one n(Zeff ,m) =
3Zeff ∈ {3, 6, ..., 18, 21, }. The highest values of n are in this row and this might be of
biological significance. Indeed, large n means large metabolic energy and C,N, and O are
fundamental in metabolism.
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2. m = 3: ForX ∈ {Na,Mg,Al, Si, P, S, Cl} one hasm = 3, Zeff ∈ {1, .., 7}. One n(Zeff ,m) =
2Zeff n(X) ∈ {2, 4, ..., 14}. The common values of n are in n = 6 corresponding to Be and
Al and to n = 12 corresponding to C and S: note that also S corresponds to large metabolic
energy. Note that P and S with n = 12, 14 are also important in metabolism. Whereas the
lighter atoms serve control purposes.

3. m = 4: X ∈ {K,Ca, Sc} have Zeff ∈ {1, 2, 3}, metals {Ti, V, Cr,Mn, Fe,Co,Ni, Cu, Zn}
have Zeff ∈ {4, ..., 12} and {Ga,Ge,As, Se,Br} have Zeff ∈ {13, ..., 17} have m = 4. One
has n(Zeff ,m) = 3Zeff/2 having also half odd-integer values. This gives {1, 3/2, 2} for
X ∈ {K,Ca, Sc} and {5/2, ..., 17/2} for {Ti, V, Cr,Mn, Fe,Co,Ni, Cu, Zn} and {9, ..., 11}
for {Ga,Ge,As, Se,Br}. The total variation range for n is [1/2, 11].

Alkali atoms K,Ca and metals Mn,Fe,Co,Ni, Cu, Zn are biologically important. The
corresponding metabolic energies are however not so large as for lower rows and this ions
indeed seem to serve for control purposes. (Li,Be,B) and (V,Cu,Ga) have same values of n
as also (Na,Mg,Al,Si,P) and (Sc,Mn,Co,Cu,As). Interestingly As is reported to play the role
of P in some exotic metabolism.

One could understand the deviations of bond length from the ideal value by allowing small
variations of n(Zeff ,m). In particular, the replacement of half-odd integer with integer would
not considerably affect the bond length.

4. m = 5: For m = 5 the values of n(Zeff ,m) are not integers for the proposed model unless
Zeff is divisible by 5. One has Zeff ∈ {1, ..18}. The maximum integer value of n is 3. This
allows only Nb, Pd,Sb. Could this relate to the fact that heavier atoms are not so important
biologically? The atoms near these 3 atoms

5. m = 6: For nH = 6 one has n(Zeff ,m) = Z for m = 6 atoms. Could integer valuedness
mean that these atoms might be somehow special?

6. The scale of variation of n degreases with m and this suggests smaller scale of variation for
both valence bond length and electron-negativity. The range for the variation of latter indeed
decreases along the columns of the periodic table. Also the values of n decrease along the
colum of the periodic table: also this conforms with the empirical facts.

To sum up, it seems that one can understand bond lengths quite satisfactory and deduce
from the the values of n if the proposed model is accepted. The most important outcome would
be explanation for the fact that bond lengths do not scale like (m/Zeff )2 as standard quantum
theory would suggest.

3.4 About biological interpretation

heff/n = n for valence bond serves as a kind of IQ and also for the metabolic energy carried by
molecule in valence bonds. This suggests that biologically important molecules should have larger
value n. One can test this hypothesis.

1. Difference in χ means that valence electrons are shifted toward the more electro-negative
atom of the valence bond. As found, the larger value of aB(nm/Zeff )) for the atom with
smaller value of nm/Zeff allows to understand why it is more electronegative.

2. By the above proposal large value of mn/Zeff corresponds to long valence bond and therefore
de-localization of valence electron to long scales. The length of valence bond presumably
depends also on other parameters. In any case, bond length could be taken as a rough
indication about the value of n associated with the bond and the above estimate for n can
serve as a starting point. The variation of bond length might allow interpretation in terms
of variation of n.

3. The shortest bond lengths would correspond to smallest value of n possibly assignable to
what is identified as waste in metabolic reactions. Small value of n also means large binding
energy so that the waste molecules in cellular respiration should have short valence bonds.
High energy phosphate bond (...P-O-P...) between two phosphates - say in ADP and ATP -
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would correspond to a large value of n and the bond should be long. Note that P behaves
as valence 5 element in phosphate.

Consider the possible implications in more detail.

1. C and Si atoms are expected to form linear polymer-like structures with long valence bonds
and large and varying value of n proportional to Zeff ' nV , nV the number of valence
electrons and guaranteeing that the bond length has correct value varying in rather narrow
range. Of course, bonding of atoms with additional atoms as occurs in multi-phosphates
could allow also linear structures. This could partially explain why life is Carbon based.

The proposed valence theory allows a view about the role of C. The length of C-H bond is
determined by n(C) with larger nV (= 4) so that the valence electron tends to be nearer to
C: χ(C) = 2.55 ≥ χ(H) = 2.2 conforms with this. n(C − H) = n(C − C) predicted. The
high negentropy of C-H bond could explain why also C-H bonds are so typical in biology.
Note that petroleum consists of carbohydrates and liberates energy, supporting the view that
non-standard value of n is associated with the valence bonds also in this case.

Graphite is obtained by putting 2-D graphene layers on each other. In graphite C has valence
bonds to 4 C:s and in graphene to 3 C:s. An interesting question is whether this might relate
to some very special properties of graphene and whether it might correspond to larger than
usual value of n. Not that these structures, in particular graphite, are much less dynamical
than polymers.

2. Si is second candidate for the basic atom of life. The values of n for C-H bonds and C-C
bonds are in good approximation proportional to nV /m and in ratio n(m = 2, Zeff )/n(m =
3, Zeff ) ' 3/2. n(C) > n(Si) implies that C-H and C-C bonds are more negentropic and
energetic favoring Carbon based life. Also the C-N and C-O bonds are more negentropic and
energetic than Si-P and Si-S bonds.

Note also that χ(Si) = 1.9 is smaller χ(H) = 2.20 so that the electron is nearer to H making
it effectively negatively charged. Silanes (hydrosilicons) are very reactive. Also this could
relate to the fact that Si based life is not realized.

3.4.1 Redox reaction and energy metabolism

Oxidation means the transfer of electrons towards more electronegative atom - not necessary oxygen
- and means shorter de-localization scale for electrons and shorter bond unless the value of n
increases.

1. Oxidation happens when nutrients are catabolized so that they give the metabolic energy
stored into the valence bonds, which could be rather stable due to the non-standard value
of n. This rule would hold true quite generally. Bio-catalysis would temporarily reduce the
value of n for various bonds and liberate energy allowing to kick the reacting molecules over
the potential wall preventing the reaction.

2. Aerobic cell respiration relies on oxygen. At the bottom of the catabolic cascade is glucose
C6H12 O6 decomposed into CO2 =O=C=O and water. The liberated energy is used to
transform ADP to ATP. C=O group acts as the functional group because C is effectively
slightly positively charged and attracts negative ions and negative parts of molecules so that
it is highly reactive. C=O bond length is 116 pm and considerably shorter than C-O bond
length (in say C-O-H) (about 143 pm in paraffin, see http://tinyurl.com/y95bkooa). This
conforms with the assumption that n is smallest in CO2 so that in this sense it would be
waste.

Note however that the value of n is higher than n = nH = 6 (taking seriously the findings of
Mills [D2] [L2] also for O in CO2. This should relate to the special role of CO2 and H2(O)
concerning life. In fact, in both cases the value of n(O) for bonds involved is almost maximal
possible in the entire periodic table. Only F has larger n but is too reactive. Hence O is
optimal choice both negentropically and energetically. S is second candidate for the role of
O but n(S) is by factor 2/3 smaller. Hence m = 2 row of the periodic table is optimal for
life.

http://tinyurl.com/y95bkooa
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Remark: A rough estimate of the proposed valence bond theory for the ratio of the val-
ues of n for C-C and C-O bonds assuming that all bonds have the same length would be
nV (O)/nV (C) = 3/2.

3. The waste products of metabolism should consist of compounds, which do not have C-C
bonds, in particular molecules having only single C atom. The flux tubes associated with the
valence bonds should have low value of n and correspond to low molecular IQ. Bond lengths
and de-localization lengths should be short. The molecules should involve typically single
carbon atom or no carbon atoms.

Carbon di-oxide CO2 with valence structure O=C=O represents basic example about out-
come of oxidation. CO2 is the basic organic waste product of metabolism and indeed has
especially short bond length. C=O group is functional since oxidation makes C slightly pos-
itively charged so that it attracts negative ions and negatively charged parts of molecules.
Also ammonium NH3 is waste product and now electrons are shifted towards N as one finds
by comparing the electronegative of H and N appearing in the table of Wikipedia article (see
http://tinyurl.com/pbh6r6c). As already noticed the notion of “waste” is only relative
notion.

Urea (H2-N)-C(=O)-(N-H2) is second waste product. As a matter of fact, liver forms urea
and water by combing CO2 with two NH3 (ammonium) molecules. Liver puts two waste
molecules to single packet.

4. Also H2O has high negentropy and energy contents although it appears as “waste” in cell
respiration. The presence of hydrogen bonds between water molecules gives rise to dark
protons, which also affects the situation. Photosynthesis indeed has water and CO2 input
elements so that it makes sense for them to have high negentropy and energy content.

Remark: Solar light would generate negatively charged exclusion zones of Pollack [L1] [L1]
crucial for life.

One can look the situation also from the view point of storage of metabolic energy and negen-
tropy.

1. Hydroxy group O-H (see http://tinyurl.com/y7uv924k) attached to C appears in sugars
with chemical formula CnH2nOn. For the simplest hydrocarbons one would have formula
CnH2n apart from boundary corrections at the ends of the polymer. Sugars store more
metabolic energy than hydrocarbons and the valence theory should allow to understand this.
The rough estimate of the proposed valence bond theory for the ratio of the values of n for
C-O and C-H assuming that all bonds have the same length would be nV (O)/nV (C) = 3/2.
This predicts that sugars are more negentropic and energetic than hydrocarbons.

2. C-O bond length is in the range [143,215] pm and C-H bond in the range [106,112] pm. The
value of n for C-O-H bond must be higher than predicted by the assumption that the bonds
have equal lengths. The replacement n(O) → 3/2n(O) allowed by nH = 6 would predict
that the ratio of C-H and C-O bond lengths is 9/4. Smaller variations of n(O) are also
possible. This would increase further the negentropy and energy contents of O and conform
with Negentropy Maximization Principle (NMP), whose statistical form is a prediction of
adelic TGD [L6] [K5].

3. The Wikipedia article about hydroxy group tells that compounds containing hydroxyl groups
(O-H) tend to form hydrogen bonds forcing them to stick together. This would mean for-
mation of dark protons and suggests formation of flux tube networks, which could be also
behind the formation of water molecule clusters and be fundamental aspect in the formation
of systems with life-like properties [L4] (see http://tinyurl.com/yassnhzb). O-H is thus
favored over H also for this reason.

4. One can understand also the somewhat mysterious high energy phosphate bond. Phosphate
has chemical formula (P=O)O−

3 . In phosphate the contents of metabolic energy and negen-
tropy are maximized for the proposed model for valence bonds since only F has higher value
of n than O in the periodic table assuming that bond lengths are identical. The actual bond
lengths require that the value of n(O) is even higher than this.

http://tinyurl.com/pbh6r6c
http://tinyurl.com/y7uv924k
http://tinyurl.com/yassnhzb
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3.4.2 DNA, RNA, and amino-acids

What about other biomolecules such as DNA and amino-acids?

1. DNA (see http://tinyurl.com/cpndtse) involves the backbone consisting of a sequence
of phosphates (P=O)O−

3 and ribose molecules. The 6-cycles of ribose molecules contain 5
carbon atoms and one oxygen atom. As already noticed, phosphate has very high energy and
negentropy contents. P has very nearly the same electronegativity (2.19) as H (2.20) and O
has electronegativity 3.44 so that the P-O bonds resemble H-O bonds as far electronegativity
is considered.

The aromatic 5- and 6-cycles of DNA involving de-localized electrons contain two N atoms
besides C atoms. The electro-negativities are ξ(C) = 2.55 and and ξ(N) = 3.04 so that
electrons should be nearer to N. The length of C-N bond is longer than C-C bond so that
the values of n could be the same and n for C-N bond could be even higher than for C-C
bond so that it would be more negentropic. This could explain why nitrogens are present in
DNA rings rather than only carbon atoms. Note that DNA strands are connected by N· · ·N
and N· · ·O hydrogen bonds possibly involving dark protons.

In RNA (see http://tinyurl.com/cmvyw2r) one C-H in the ribose is replaced with C-O-H in
pentose ring. A, T, C, G are replaced with A, U, C, G (T is methylated form of U obtained by
replacing -H with -CH3). Only short strands of RNA appear and RNA does not have double
stranded form but has single stranded form forming double helix. An interesting question
is why the replacement of C-H with C-O-H in the pentose inducing change in electronic
charge distribution affects so dramatically the properties of DNA. O-H group is functional
and involved with the formation of hydrogen bonds. Maybe quantum criticality of ribose has
something to do with the widely different properties of DNA and RNA.

2. Amino-acids (see http://tinyurl.com/jsphvgt) have structural formula H2N- ((C-H)-R)-
((C=O)H)-OH, where R is the residue responsible for the functional properties of the amino-
acid. Amino-acid polymers have backbone involving N-C bonds formed between amino-
group N-H2 and carboxyl group (C(=O)H)-OH by hydrolysis giving rise to peptide bond
...(C(=O)H)-NH... plus H2O. Therefore the backbone consists of ...-(C(=O)H))-(NH)-...-
(C(=O)H))-(NH)... sequence containing ((C-H)-R) between molecules of the backbone.

Assuming same N-C and C-C bond lengths the proposed valence band theory predicts n(N) =
(nV (N)/nV (C)) = 5n(C)/4 implying that higher content of metabolic energy and negentropy
favors C-N bonds instead of C-C bonds. That the catabolism of peptides to sugars liberates
metabolic energy conforms with this.
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