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Work in progress! Winter  2014                                                             Marinsek@ aon.at  
 

NO CONDUCTION ELECTRONS! 
 
 VALENCE ELECTRONS  
DON’T EXIST AS CARRIERS OF ELECTRIC CURRENT  IN A WIRE 
 
Metallic bonding is not due to forces between alleged free valence electrons and   
atomic core ions.  
Electrons are also neither the agents for electrical and thermal conduction nor for 
specific heat.   
Genuine metallic lattices consist of elastic rods and nodes. Rods consist of hydrogen 
atoms. 
 
 See the articles on metallic bonding, heat capacity and electricity.  
 
 
Refutation of electron conduction theory 
 
Iridium and Platinum show identical or only minutely differing data concerning crystal 
structure, atomic weight, number of protons, density, valency, electron density and lattice 
constant a0. According to electron conduction theory the electrical conductivities of Ir and Pt 
should therefore differ only minutely.  
But Ir conducts electricity two times better than Pt does! 
Explanation: There are elastic lattice rods. Ir possesses double bonds ||, whereas Pt has only a 
simple bond |. 
So the Ir lattice possesses more conductors!  
Remark to Ir: chemie-master.de reports for electrical conductivity 18,83 106 S/m , whereas according to U.S. 
sources it is 2.13 that is probably wrong. 
 
 
 
 

Crystal 

bonds 

Atomic 
weight 

Pro-
ton # 

density 
ρ  = 
g/cm3 

Valency 
z 

n = z×ρ /A 
# electrons 

lattice   
a0  [Å] 

El. conduct. 
107 S/m 

Ir  Fcc    || 192.2 77 22.5 z = 6 0.7 3.84 1.883 

Pt  Fcc    | 195.1 78 21.5 z = 6 0.66 3.92 0.98 

Ir/Pt 1 0.98 0.99 1.05 1 1.06 0.98 2     

 
•  Fermi energies determine electrical conductivity according to the QM formula  
EF = KN n 2/3, where KN is a constant, n are the number of free electrons.  
There are allegedly n = z (# of valence electrons) ×  ρ/A free electrons that can flow through the 
assembly of atomic core ions   (ρ… density, A… mass number).  
Fermi energies of Ir and Pt differ only marginally and can therefore never explain the huge 
difference of electrical conductivities between Ir and Pt. Ir conducts electricity better than Pt 
because Ir lattice bonds consist of 2 hydrogen atoms parallel || whereas Pt has only one 
hydrogen | as bond.  
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The first table shows that the Ir/Pt ratio for n is 1.06; and  (1.06) 2/3 = 1.04. The electrical 
conduction ratio for Ir/Pt is 2, this value is not in accordance with the alleged Fermi energy. 
 
Compare Ag to Pd: Ag: n = z × ρ= 2×10.49 = 20.98    Pd: n = z × ρ= 4×12.02 = 48.08 
The Ag/Pd ratio for n is 0.436; and (0.436) 2/3 = 0.58, this does not correspond to the electrical 
conduction ratio for Ag/Pt 6.6! 
QM bonding theory works with valence electrons as the glue that holds together the ionic 
atomic cores. The bonding force depends on distance only and therefore it cannot explain 
that Ir with the roughly same lattice constant as Pt possesses a stiffer lattice.  
Only different bonds can explain these different physical properties…  

 
 
•  Skin effect of conduction electron theory in contradiction  
with QM metallic bonding theory  
 
According to current conduction electron theory, con-
duction for alternating current (AC) takes place near the 
surface of the conductor.  
Wikipedia [ski] explains:  
Over 98% of the current will flow within a layer 4 times 
the skin depth from the surface. This behavior is distinct 
from that of direct current which usually will be 
distributed evenly over the cross-section of the wire... 
 At 60 Hz in copper, the skin depth is 8,5 mm. (symbol of 
explosion from wiki) 
 
According to the theory of flowing electrons as carriers of electricity, conducting electrons are 
forced to the skin of the wire. Consequently, the interior of the wire is filled with ions only 
that repel each other. Bonding cannot take place! Repellent ions burst open the wire. 
 
 
•  Conduction electron theory refuted due to anisotropic electrical conductivity and   
due electrical conductivity of carbon nano tubes that depends on diameter only 
 
 For some metals the electrical conductivity depends on the direction of the field. According 
to the model of free electrons there is no preferred direction possible. The Fermi sphere is 
isotropic [dor]. Example Cd. “Anisotropic electrical conductivity in cadmium, it varies from  
1.3 x 107 Sm-1 along the six-fold axis to 1.5 x 107 Sm-1 perpendic to that axis“. 
http://www.doitpoms.ac.uk/tlplib/anisotropy/electrical.php 
 
Carbon nano tubes can be: conductors or semiconductors, depending on diameter and helicity.  
Obviously, electron band theory does not concern helicity. 
This anomalies suffice to refute QM conducting and bonding electrons. 
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Fictitious electron gas in metallic conductors not carrier of electricity 

If we assume the counterfactual electron gas theory, any textbook shows the behavior of this 
alleged electron gas. For example wikipedia explains:  
The drift velocity is the average velocity that a particle, such as an electron, attains due to an 
electrical field. In general, an electron will 'rattle around' in a conductor at the Fermi 
velocity randomly. An applied electrical field will give this random motion a small net 
velocity in one direction....  
Numerical example 
Electricity is most commonly conducted in a copper wire. Copper has a density of 8.94 g/cm³, 
and an atomic weight of 63.546 g/mol, so there are 140685.5 mol/m³. In 1 mole of any 
element there are 6.02×1023 atoms (Avogadro's constant). Therefore in 1m³ of copper there 
are about 8.5×1028 atoms (6.02×1023 × 140685.5 mol/m³). Copper has one free electron per 
atom, so n is equal to 8.5×1028 electrons per m³... 
Assume a current I =3 amperes, and a wire of 1 mm diameter.  
...Therefore in this wire the electrons are flowing at the rate of 0.00029 m/s, or very nearly 
1.0 m/hour.  

The classical formula for the conductivity 
σ  =    n · e2 · τ/m 
n = density n of the free electrons;   
 τ = time between two collisions  
A textbook explains: We have a good idea about n, but we do not yet know τclass, the mean 
classical scattering time for classical electrons....  
Because the classical result for the conductivity, is a value that is far too small and thus the 
classical approach must be wrong... 
Help! 
However, since we know the order of magnitude for the conductivity of metals, we may turn 
the equation around and use it to calculate the order of magnitude of τclass.  
Obviously, the method is data fitting!  
After some calculations and the introduction of the Fermi velocity of the electrons one 
obtains_ 
⌠  =   n · e2 · l/me · vF 
 l= mean free space between collisions: ∼ 100 nm 
vF = Fermi velocity‐ 
 
Because there are no free and delocalized electrons this explanation is science fiction. 
And nowhere is an explanation for the speed of electricity that is ∼  c! 
Obviously the stream of the electron gas cannot move with ∼ c. Also a sound wave  
( = a pressure wave) of this alleged electron gas cannot reach the velocity ∼ c. 
Recall: For H, velocity of sound is 1,3 km/sec. For electron gas it is greater but never ∼ c! 
By the way: specific heat of gas = 2/3 R/mol, but not for electron gas! 

Therefore, both the theory of the electrical current of electrons  
and the theory of metallic bonding between free valence electrons and the ionic cores of 
the atoms are untenable. 
There is a lattice with bars and nodes that consists of hydrogen atoms or clusters of 
hydrogen atoms. No electrons are floating in the lattice. Electricity is a wave. A 
polarization wave, i.e. a polarization state propagates with v ∼ c. 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Energy bands of free electrons in metals – a hopeless invention  
to save the appearances… 

Metallic bonding is not due to forces between alleged free valence electrons and atomic core 
ions. There is no natural law that governs the process how and how many valence electrons 
are detached from atoms in order to do their job as bonding and conducting electrons.  

Electrons are picked 
on demand. For 
further details see 
the article on 
Metallic Bonding. 

 

 

 

Figure: http://www.tf.uni-kiel.de/matwis Föll, H., Einführung in die Materialwissenschaft II, University Kiel 
 
The energy level of the free tramping valence electrons of the atoms is to small in order to 
explain the appearances. Energy bands were invented… 
Example: Na crystal. Na orbital’s:  1s22s22p63s1  
Superposition of all Na energy levels (potentials): 

According to QM the Na atom possesses an outermost electron shell or orbital with only one 
electron, labelled as 3s1electron. Superposition for all Na atoms would yield one energy level 
line. The figure shows a lot of them. Why? Recall the Pauli verdict: Only two electrons can 
possess one and the same energy potential. In order to fulfil this verdict, QM theorists did 
split-up the 3s1  line into an energy band. For every electron there should be a line. The 
electrons are delocalized and represent the electrical current in the wire. 

Energy band theory is not able to resolve the problems of the old theory of the free electron 
gas. Drude was the unfortunate inventor of Drude conducting electrons… 
 What Fermi, Bloch, Pauli and others intended was to repair the calculation of the electrical 
conductivity. This calculation is based on classical physics and with the untenable assumption 
of free metallic electrons. Obviously, this idea is doomed to a failure. The repair was done in 
terms of QM but they maintained the untenable assumption of the electron gas! And there is 
no answer why the electrical conductivity depends on crystal structure!   The repair consists 
of adjusting theoretical assumptions in order to save the appearances….   
The pivotal question, namely how the slowly drifting electrons can produce the high speed of 
electricity remains unsettled! The alleged free electrons have v << c. A pressure (sound) wave 
of the electron gas cannot reach a velocity ∼ c! 
It is a fallacy to mean that electrons are at the same time waves that could reach v ∼ c.  

Duality of corpuscle and wave is a category mistake. An electron can produce an 
accompanying wave in the all  pervading dielectric medium that is the carrier of 
electromagnetic waves. But electrons are to slow and the wave would be electromagnetic 
radiation and not electricity!  
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Jaworski/Detlaf [Physik-Handbuch, Thun and Frankfurt/M1986]  
claim that for metals with the same number of gas-electrons and positive atom-ions like the  
Alkali metals, the electrical conductivity can be expressed by the formula:  
= (e2/me π  kT) E d/vF, = C E d/vF, where C is a constant. E = Young’s modulus,  
d = bond length, vF is the Fermi velocity. 
Below the results are listed. Obviously, there is no coincidence of calculated and measured 
values! According to the formula, electrical conductivities of Li and Cs are roughly equal, but 
measured values differ at 100%! 

Element 7Li 23Na 85, 87Rb 133Cs 
Young modulus E   GPa 4,9 10 2,4 1,7 
Bond length d =  [10-11 m] 30 37 49 53 

Fermi velocity  vF   [m/s] 1,29 1.07 0,81 0.75 

El. Conductivity = C E d/ vF C 114 C 346 C 145 C 120 

 Measured el.c. 105 /mΩ 108 210 77,9 48,9 
 

 
Electrical conduction due to polarizability of lattice rods 
Table: good conductors 
 

metals  Bonding  Lattice 
const.   

Lattice 
length 

G and B 
modules  

el. 
conduct. 

most abund. isotopes  Å             GPa 107 S/m 
Platinum-195-194 Fcc | 3.92 2.77 61 76 0,94 

Iron-56-54 β-bcc  | 2.86 2.61 82 170 1 
Palladium-106-108 Fcc | 3.89 2.77 44 180 1 

Lithium-7-6 α-bcc | 3.51 3.3 4.2 11 1.2 
Potassium-39-41 α-bcc — — 5.33 5.1 1.3 3.1 1.4 

Nickel-58-60 Fcc | 3.52 2.5 76 180 1.45 
Molybdenum-98-96 β-bcc || 3.15 3.46 20 230 1.8 
Tungsten-184-186 β-bcc || 3.17 2.88 161 310 1.8 

Sodium-23 α-bcc || 4,29 3.71 3.3 6.3 2.2 
Iridium-193-191 Fcc || 3.84 2.72 210 320 0.98 

Rhodium-103 Fcc || 3.8 2.69 150 380 1.88 
Calcium-40-44 Fcc  — — 5.59 3.97 7.4 17 2.9 

Aluminum-27 Fcc | 4.05 2.86 26 76 3.8 
Gold-197 Fcc | 4.08 2.88 27 220 4.9 

Copper-63-65 Fcc | 3.62 2.56 48 140 6.1 
Silver 107, 109 Fcc | 4.08 2.89 30 100 6.3 

 
A poor conductor:       

Manganese 55 β-bcc == == 8.11 7.37  120 0.06 

Remarks:  
Concerning bonding see the article on metallic bonding. a0 = lattice constant in [Å].  

Node-centre distances are for example: fcc:  = a0 √2/2 = 0.71 a0; α-bcc: L= a0 √3/2 = 0,87 a0;  
Rod length reduction due to mass number A is not considered.  
It is striking that we find among the best conductors fcc metals like Ag, Cu, Au, Al, Rh and 
Ir that have in common a lattice rod length of 2,7 - 2.9 Å! In general they possess more 
stable lattices.  Comment to Ca later. 
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It is striking that the metal with the greatest lattice constant a0 (8.11Å for Manganese, Mn) 
exhibits the lowest electrical conduction. Obviously, the longer the bond the greater the 
oscillation and this disturbance retards electrical conduction. 
Alkali metals Li, K and Na are soft metals with large bonds, but they are also good 
conductors. But bear in mind that with only a modest increase of temperature conductivity 
decreases rapidly. 
 

Structural prerequisites for conductivity 
•  Hydrogen is the structural element of lattice bonds.  Hydrogen consists of a polarizable 
series of  +, —, charges. The hydrogen atom is also a tiny bar magnet.  
 
•  Oscillating lattice bars that consist of  hydrogen atoms (for example 2 H’s  in series  
——),  are polarizable. Conductors are the lattice bars, the conducting mechanism is a 
polarization wave whose phase velocity <  c depends on the dielectric constant.  
The dielectric constant depends on the lattice structure. 
  •   fcc structures conduct electricity better than bcc structures because there are in 
general more lattice rods that serve as conductors. 
 
•  Regarding a specific crystal structure, for example bcc, higher rigidity correlates with 
higher conductivity. Shorter bond lengths increase rigidity.  
 
 •  Diamagnetic metals are better conductors than paramagnetic ones. Superconductivity 
shows diamagnetism.  
 
•  Unpaired hydrogen’s at the lattice nodes and its extent of rotability affect magnetism. 
Unpaired hydrogen’s at  the lattice nodes are polarizable and  provide a share of electrical 
conduction.  
  Among metals, Bismuth (Bi) is the poorest conductor of both electricity and heat but shows   
the greatest diamagnetism. The cause is its trigonal crystal structure. 
Si and Ge are semiconductors (metalloids). They conduct electricity at higher temperatures 
that make the lattice shaky. This is the cause for the occurrence of polarizable charges.  
If some Si atoms of the Si lattice are replaced by for example Boron, at these locations an 
unpaired hydrogen atom serves for polarization and therefore electricity.  
(See below the explanation.) 
 
Crystal structures of some elements show polymorphism. 
 These allotropes possess different electrical and magnetic behaviour 
 
Example Arsen, As: α-As consists of trigonal crystals. It is a metal and conducts electricity. 
Yellow Arsen is a transparent soft crystalline substance. It is a non-metal. 
Example Tin: αSn has diamond structure (< 13,2 ˚C), βSn is a metal. 
 
Ca exists as bcc or fcc crystal. Because there are 6 stable isotopes, the mix of isotopes 
determines probably crystal structures.  
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Higher temperatures often change the structural type, higher temperatures of course change 
electrical conductivity. Metals are malleable, semiconductors and insulators not. 
 
Isotopes  
It is necessary to separate the isotopes and to measure the properties of the isotopes.  
Different isotopes generally possess different properties.  
For example they can differ in crystal structure, electrical conductivity and magnetic 
behaviour (ferro-, dia-, or paramagnetic).  
 
 
Case studies: 
 body centred cubic (bcc), face centred cubic (fcc) structures 
 
Result:  The conduction of electricity is not a transport of charges (electrons)  but the 
propagation of a polarization state in a wave with velocity < c.  
Conductivity essentially depends on crystal structure. 
 
α-bcc structure 
 
Case studies show that electrical conduction depends on both crystal structure and the type of 
bonding.  
The central atomic kernel of the unit cell is connected 
with the atomic kernels at the edges with 8 bonds. The 
bonds are supposed to consist of hydrogen atoms.  
There are 4 possibilities: 
1: a single H-bond: | 
2: 2 H-bonds parallel: || 
3: 2 H-bonds in series: — — or = = 
See the article on metallic bonding… 
In a Proutian  structure the α-bcc- unit cell of course 
also contains 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. 
 
  
 
α-bcc structure, alkali metals  
 
α-bcc unit cell  
bars: cube diagonals  
                                        

single 
bond | 

= = 
bond 
 
 

2 H’s in series 
—— 

Element 7Li 23Na 39K 85Rb 133Cs 
a0 3.51 4.29 5.23 5.56 6.14 
 100/a0

2 8.1 5.4 3.65 3.2 2.6 
Young’s m.  [Gpa] 4.9 8.93 3.5 2.4 1.7 
Thermal expansion 1/106 K 46 71  83 90 97 
Specific heat d × C = [J/cm3K] 1.9 1.16 0.65 0.56 0.45 
el. conductivity 107 S/m 1.17 2.17 1.39 0.8 0.48 
Para-(+), diamagnetic (-) +3.4 +6.2 +5.7 +4 +5.3 
 
For the row  K, Rb, Cs bond lengths increase, electrical conductivity, specific heat and 
rigidity moduli decrease. Electrical conductivities of these metals show some coincidence 
with specific heats per volume.  
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The stiffer the metals are, the better they conduct electricity. Good electrical conductivity of 
Na is due to its double bonds in series.  
2 H’s in series (——) for K, Rb, Cs represent slack (trembling) bonds. The longer the bond 
the greater electrical resistivity because longer bonds exhibit larger oscillatory displacements.  
The dependence of 1/a0

2 is only approximately.  
 
Notice that Cs, Rb and K are comparable due to the same bonding: two H’s in series: ——.  
Is there a physical rationale for a 1/a0

n coincidence of electrical conduction? When crystal 
lattice bars serve as conductors, then the number of conductors and the effective length L of 
conductors are determining factors.  
Above it was shown that Ir conducts electricity about 2 times better than Pt because the bonds 
of Ir are double bonds || whereas Pt has only a single bond |. 
  

If we compare the alkali metals K - Cs in the table, 
they possess 2 H’s in series as bonds.  
The shorter the bonds the better conduction occurs. 
The shorter the bonds the greater specific heat. 
Specific heat depends on 1/L2, but effective bar 
lengths and modes of supporting are not known.  
Alkali metals are paramagnetic and have minus sign 
concerning the Hall effect. Paramagnetism is due to 
unpaired hydrogen atoms in the nodes that can be 
aligned. 

 
 
β-bcc   transition metals (see the article on metallic boding) 
 
Bonding:  β-bcc || |  || |  || |  == || 
element W-184 Ta-181 W/Ta 

t 
Ta 

Mo-96 Nb-93 Mo/Nb 

Nb 

Cr-52 V-51 Cr/V Mn-55 Fe-56 

a0 [Å] unit cell 3.17 3.3 0.96 3.15 3.3 0.96 2.91 3.03 0.96 8.91 2.86 

100 /a0
2 10 9.2  10 9.2  11.8 10.9  1.3 12.2 

Density g/cm3 19.3 16,65 1.16 10.28 8,57 1.2 7.14 6.11 1.17 7.44 7.87 

Young  E    [GPa] 345 186 2.2   
 

276 105 2.6    248 131 2.2    198 211 

therm. exp.1/106 K 4.5 6.3 0.7 4.9 7.3 0.7 4.9 8.4 0.6 22 11.8 

Spec heat  J/cm3K 2.5 2.3 1.1 2.6 2.3 1.1 3.19 3 1.1   

el.cond 107 S/m 1.82 0.81 2.2       
  

1.73 0.66 2.6 0.79 0.4 1.98        
   

0.05 1.12 

Deby t. 300 K  400 240 1.5 450 275 1.6 630 3800 1.7   

valency 6 5 1.2 6 5 1.2 6 5 1.2   
RH 

+  +  + +  + +    
 Para (+), Dia(-)., ferrom. 
F + 75 + 178  + 120 + 241  + 318 + 384    

100 /(a)2

 2MS/m Na

K

Rb
Cs

Li

1
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Electromagnetic properties  
Double bonds increase conductivity at least  
with the factor 2! “Wobbly” bonds in series 
(— —) are bad conductors…  
Fcc metals are better conductors than bcc 
metals. 
Because of the high elasticity modulus, the 
bonding of Mo and W seems to be a two 
hydrogen parallel bond: ||. 
Regarding Mo and W, except of mass 
number A, all other data are roughly in the 
same order of magnitude.   
W exhibits a roughly two times greater 
electricity conduction than Fe. Due to the 
greater mass content of W nodes, effective 
bond lengths of W are reduced, therefore stiffness and electrical conductivity increase. The 
same holds for Ta vs. Nb and W vs. Mo. 
  
Comparing V to Fe, lattice parameter a0 decreases (3.03 Å → 2.96 Å) but el. cond. increases. 
 Electrical conduction and E modulus of Fe are 2-fold and 1,5-fold of V, respectively. 
Conclusion: Fe possesses double  H-bonds. 
Assumption: Nb, V and Ta have a single H-bonds that serve as the rods of the lattice. W, Mo. 
Cr and Fe possess double bonds. 
The poor conductivity of Mn is explainable due to its huge unit cell dimensions: its lattice 
constant is 8.91 Å. Another cause for the poor conductivity of Mn is that  Mn shows an open 
packed and distorted structure when pressure is zero. Under high pressure Mn  possesses a 
close packed structure. [degt]   
But Mn shows comparatively high E-, G- and B moduli. Therefore lattice bars should consist 
of double H’s in series = =. Temperature lets them tremble and this trembling disturbs 
electrical conduction.   
 
Then consider the magnetic status: Are there unpaired H’s at the lattice nodes?  
Thesis: Unpaired hydrogen’s at the lattice nodes are the cause for magnetic properties. They 
are electro-magnetically polarizable. 
Magnetism will be treated below in detail…. 
http://www.wmi.badw.de/teaching/Lecturenotes/magnetismus/Kapitel-2.pdf 
 
What is the difference in terms of crystal structure?  For Li-7 the nodes contain 3 H’s 
 (2 × 7 — 8)/2 = 3), therefore one H is unpaired and can react in magnetic fields. For Na-23 
we obtain (2 × 23 — 32)/2 = 11 H, again one H is unpaired. 
For bcc Fe-57 we obtain (2 × 57 – 2 × 11)/2 = 45. (For formulas see the article on metallic 
bonding.) For Cr the formula is (A-12) because of double bonds, therefore in the node are  
(59 – 12) =  47 H’s in the nodes 
All bcc metals possess odd mass number isotopes;  they have unpaired hydrogen’s.  57Fe of 
Iron alloy delivers  unpaired magnetic dipoles that are magnetically polarizable. These 
magnetic dipoles can be easily aligned in parallel columns that magnify the magnetic effect. 
Below  ferromagnetism of Fe will be treated. For Fe-56 the nodes contain (106 – 22)/2 = 46 
H’s. Despite the even number of H’s it is possible that ortho-hydrogen occurs that causes 
magnetic reactions…. 
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FCC  Structures…. see Metallic bonding! 
 
The fcc-unit cell contains the mass of  4 atoms of the 
element.  
Rods consist of one hydrogen atom. Rods use up: 12 H’s for 
the octahedron (shown blue);  rods for 8 tetrahedrons, but 
they are shared 50 : 50% with adjacent cells, so the number 
of H’s used up is (8 × 3)/2 = 12. 12 +12 = 24 H’s consume 
the rods. If the element has mass number A then the node of 
the lattice contains (4A - 24)/4 =   (A – 6) H’s.  
Example Al-27: 27- 6 = 21 H’s 
 
 
 
Elements with stable isotopes 
 
Aluminium for example exists only as Al-27, the lattice nodes contain 21 hydrogen atoms, 
therefore one H-atom is unpaired.  This pending H atom is a tiny magnet, therefore A-27 is 
paramagnetic. 
Silver for example is a mixture of Ag-109 and Ag-107. Both isotopes are paramagnetic,  
the rationale was given for Al. Therefore all fcc elements or isotopes with an odd  
mass numbers A are paramagnetic.  
But the isotope mixture of Ag-107 and Ag-109 is diamagnetic. Why?  
The table shows the supposed metallic structures of some fcc-metals. 
 
 

Fcc 
H-bonds || || | | | | | | | ——    ——      —— 

 Rh Ir Ni Pd 
 

Pt Al Ag Cu Au αCa Pb αSr 
Mass # A 103 193 60 100 195 27 107 63 197 40 208 88 
RH — + — — — — — — — — + — 
 P(+), D(-)10-6 +164 +52 F +790 +257 +21 -24 -9.6 -35 +21 -17 -6.6 
a0   [Å]  3.8 3.84 3.52 3.89 3.9 4.05 4.08 3.61 4.08 5.6 5.0 6.1 
100/ a0

2 6.9 6.8 8.1 6.6 6.6 6.1 6 7.7 6 3.2 4 2.7 
el. cond.107 S/m 2,3 2.13 1,45 0.99 0,95 3,77 6.3 6.07 4.88 ∼  3. 0.48 0.43 
th. cond.W/mK 150 150 91 72 72 235 430 400 320 200 35 35 
Therm expansion 6.4 8.2 13 11.8 8.8 23 18.9 16.5 14,2 22.3 26.3 22.5 
spec heat J/cm3K  3. 2.99 3.92 2.89 2,8 2.44 2.47 3.42 2.49 0.98 1.44 0.79 

 
Electromagnetic properties  
Rh compared to Ir: Roughly the same lattice constant a0, same volumetric specific heat, 
and electrical conductivities that differ not remarkably! The structure of Rh is less rigid than 
the Ir structure but electrical conductivity is 8% better. The same relations hold for Pd and 
Pt. 
Rh and Ir compared to Pd and Pt: Lattice constants differ not remarkably but electrical 
conductivity of Rh and Ir is two times greater than of Pd and Pt. Why? Rh and Ir possess 
double bonds || and therefore “double” conductors. 
Au compared to Ag: At a first look all properties (lattice constant, rigidities, specific heat) 
are only marginally different but electrical and thermal conduction are remarkable different. 
Electrical conduction of Ag is 1.3 fold! What is the cause for this difference? Mass number 

octahedron + 8 tetrahedrons

fcc unit cell

a

a√2/2
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of Au is 1.8-fold, therefore the effective bond length of Au is slightly shorter than for Ag.   
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 
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 has: (107 – 6)  =  101 H.  
For 197Au: = 191 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. 
Al compared to Au: Crystal structure and lattice spacing are the same, melting point and 
rigidity of Au are greater. The ratio of masses is 27/197. Electrical conductivity of Au is 
greater than that of Al.  Due to its greater mass, the effective bar lengths of Au are smaller 
than of Al, therefore the Au lattice is stiffer and electrical conductivity is better. Au is 
diamagnetic whereas Al is paramagnetic.  
Pd compared to Ag: All properties (lattice constant, rigidities, specific heat) are only 
marginally different but electrical and thermal conduction are remarkable different.  
Electrical conduction of Ag is 6.3 fold! Then: Pd is paramagnetic, Ag is diamagnetic.  
What are the causes for the differences? Isotope impurities are significant: Ag is a 50:50% 
mix of Ag-107 and Ag-109 but Pd is a broad mix of: 102Pd 1.02%,104Pd 11.14%,  105Pd 22.33%, 
106Pd  7.33%, 108Pd 26.46% ,110Pd 11.72%. 
 For QM the key factor for conductivity is the number of conducting electrons. But according 
to the electron conduction theory Ag has two valence electrons whereas for Pd valence is 4! 
 
The rationale for the poor conductivity of Pd is because Pd is an isotope hybrid with only one 
isotope with an odd mass number A: Pd-105 with 22% abundance. This isotope is a good 
conductor because it possesses an unpaired hydrogen that contributes to conduction.  
The isotopes with even mass numbers are poor conductors. This can be seen comparing the 
conductivity of Ag. Both Ag isotopes have odd mass numbers…So Ag conducts electricity 
about 6 times better than Pd! 
Alloys are very poor conductors 
Quasicrystals possess unique physical properties: even though they are all alloys of two or 
three metals they are very poor conductors of electricity and of heat. 
PHYS 624:  Introduction to solid state physics 
 
Ni compared to Cu 
Lattice constant a0 roughly equal but electrical conductivity of Cu about 4 times better than 
for Ni. The same relation holds for thermal conduction. Why? 
Ni and Cu possess different magnetic properties: Ni is ferromagnetic, Cu is diamagnetic. 
 
Regarding Pt and Pd, roughly all values don’t differ significantly, except mass A, rigidity 
and specific heat. Due to the greater mass of Pt (200 vs. 100), the effective bar length of the Pt 
lattice is shorter than for the Pd lattice.  This bar length difference explains that the Pt lattice 
is stiffer. Because the Pt effective bar length is smaller than for Pd, specific heat is also 
smaller. Why electrical conductivities don’t differ more? Notice that Pd and Pt, both consist 
of a broad mix of isotopes, this is their main impurity…  
 
Regarding the metals Ni and Cu, the failure of the model of conduction electrons is obvious. 
Again: Both, Ni and Cu, have fcc structure and two valence electrons.  
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(hyperphysics textbook does not use the two valence electrons of Cu:  
copper that have one free electron per atom..., which means the 4s1 electron;  
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/ohmmic.html)  
If one applies band theory (see later) and let work the two valence electrons for the 
conducting job, then the conducting electrons have roughly the same environment inside of Ni 
and Cu, except slightly different mass numbers and electron shells: 
  
Ni  versus Cu: 
fcc unit cells dimensions are roughly the same for Ni and Cu.    
Mass numbers A are in the same range: A =  58,7 for Ni, A = 63,6 for Cu. For both, Ni and 
Cu, densities are nearly equal: n = 8,91 and 8, 92 g/cm3, respectively.  This tiny difference 
cannot be the cause for the big difference concerning conductivity: Ni = 1.45; Cu = 6.07!  
Recall the QM formula for conductivity: σ = n e2 τ/m. Because of the equality of densities, 
conductivities could differ only due to τ, the mean flying time of electrons. Because of the 
roughly equal environment for electrons inside Ni and Cu, the relation for the mean flying 
time (or free path) cannot be 1:4.        
 
What is the essential difference between Ni and Cu? Look at the stable isotopes (periodic 
table.com):  

58Ni 68.1% 63Cu 69.2% 
60Ni 26.2% 65Cu 30.8% 
61Ni 1.1%   
62Ni 3.6%   
64Ni 0.9%   

  
The two Cu isotopes possess odd mass numbers. According to our theory (see below) in this 
case there is an unpaired hydrogen per lattice node that contributes to good electrical 
conductivity because it is polarizable and electricity is thought of as a polarization wave in the 
wire.  
Ni contrasts with Cu because it possesses only a tiny isotope fraction with odd mass number 
(1,14% for 61Ni). All other Ni isotopes possess even mass numbers.  Fcc structures with even 
mass numbers are relatively poor conductors because they don’t possess unpaired hydrogen’s 
per unit cell. Ferromagnetism of Ni-60 seems to be due to a pending ortho-hydrogen bar 
magnet at the nodes that is in magnetic equilibrium, see below. 
 Electron conductivity theory ignores crystal structure as well as isotope composition. 
 39K compared to 40Ca. All parameters are in the same range but Ca is a significantly better 
electrical conductor than K. Why? α-Ca has an fcc structure whereas K’ structure   is α-bcc. 
Electrical conduction obviously depends on the number of connecting H’s. The propagation 
of the polarization state (= electrical conduction) has a better efficiency. 
 
An open question of Ca is its bonding: electrical conductivity indicates that Ca belongs to the 
best conductors Ag, Au, Cu and Al that are fcc with a single bond. On the other hand Ca 
possesses comparatively low physical properties like E and G moduli that are due to the 
comparatively big lattice constant of Ca. 
Ca  bonds could consist of two H’s in series that respond to magnetization. This Ca-40 is 
paramagnetic although it has no unpaired H at the nodes.  So Ca would be also a good 
electrical conductor: the vibrating bonds can be polarized.   
Recall that over 721 Kelvin, Ca  possesses a bcc structure. 
 
The big difference between Au and Pb regarding  conductivity is unexplainable in terms 
of current “current” theory.   
Explanation in terms of crystal structure: Both, Au and Pb have fcc structure. But there is a 
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big difference: the bars of the Au structure consist of one single hydrogen atom, |, whereas 
the bars of the Pb lattice consist of two hydrogen atoms in series,——!  
Bond lengths of Pb are significantly greater than bond lengths of Au. The result is a 
significant greater rigidity of Au that causes a greater electrical conductivity.  
Smaller density of Pb cannot compensate this, so Au is the better conductor!   
The cause for the poor conductivity of Pb is probably also the broad mix of isotopes: 206Pb, 

207Pb, 208Pb, 204Pb. The unalloyed Pb isotopes are possibly better conductors than the isotope-
alloy.  
According to quantum mechanics 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.    

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. Regarding Ca and Sr, both, Sr and Ca are a mixture of 
isotopes.  
 
Special case Th-232. The unique isotope of thorium is Th-232, it has fcc structure. Because  
232 is an even number, according to the rule for  the number of hydrogen’s in the lattice 
nodes there are 232 – 6 = 226 H’s. Obviously, there is no unpaired hydrogen for the purpose 
of conducting electricity. But Th-232 is a conductor. The cause is that the lattice bars consist 
of two H’s in series (——). This is the case because the lattice constant a0 is 508 pm. 
Electrical conduction means also a polarization wave through the lattice rods, as mentioned 
above. 

 
 
 

hcp 
close packed  
 hexagonal metals 
 
 
 
 

 
hpc 
 
d is the distance node-centre to node-centre of the inclined rod of the figure. Because d ∼ a0, 
stable building elements are tetrahedrons. Effective rod lengths L depend on unknown node 
dimensions. Eigen frequencies of rods depend on 1/L2. Table shows hcp metals with assumed 
bonding conditions.  
 
The hcp unit cell contains the amount of 6 atoms, therefore (6×A) H’s, where A is mass 
number of the element. Rods of the unit cell consume 30 H’s.   
Nodes of the lattice contain (A - 5) H’s. Without details, see the method for fcc. 
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An open question is the poor conductor Zr.  Zr  possesses the same  length d, but it is reduced 
due to the high mass # A. Young’s modulus of Zr is 68, of Mg 45 but Mg shows about the 
ten-fold electrical conduction!?  
 
Ti, Zr, Y and Sc possess   poor el. conductivities and low E-moduli. Weak bonds correspond 
to poor conductivities… For Ru and Os the high E-moduli and good conductivity can be 
explained as caused by double bonds. 
 
The tables below show hexagonal closed packed metal crystals  (hcp) and  
double hexagonalclosed packed crystals (dhcp) 
See explanations in the chapters on physical properties.  
 
 
  hcp Mg Co Be Ru Os Ti αZr Y Sc 
Mass #   24, 26 59 9 102,104 192,190 48, 46 90, 94 89 45 

bonds | |  | || || | | _|_ | 
— a0/c 

 

3.2/5.
2 

 

2.5/4.
1 

2.27/3.
6 

 

2.7/4.3 2.73/4.
3 

2.9/4.
7 

3.2/5.
1 

3.7/5.
7 

3.3/5.3 

d =√(a2/3+ 
c2/4) 

3.19 2.5 2.22 2.65 2.68 2.91 3.18 3.55 3.25 
100/a0

2 9.7 15.9 19.1 13.6 13.4 11.5 9.6 7.5 9.2 
E GPa 45 209 287 447 558 116 68 64 74 
Therm. exp 8.2 13 11.3 6.4 5,1 8.6 5.7 10.6 10.2 
el.c.107 S/m 2,24 1,79 2.5 1.41 1,23 0.26 0.24 0.18 0.15 
 magnetism P 1,3 F D 0,9 P 4 P 14 P 12 D 0,9 P18,8  P29,5 
 
 
dhpc 
Lathanoids exhibit poor electrical conductivity. Why? Their unit cell lengths c are 
comparatively huge!  For example for Tb, c = 15.7 Å. The longer the conductor the greater 
electrical resistivity.  Amplitudes of  these long conductors are also comparatively huge….  
  

 
 
 
 
 
 
 
 
 

 
 
 
 
 

dhcp La Pr Am 

Mass #   139 141 243 

Bonds  — — — — — — 
g/cm3 6.16 6.77 13 
a0; c 

 

3.77; 
12.14 

3.67; 
11.83 

3.47:11.2
4 c/a0 3.22 3.22 3.2 

el.c.107 S/m 0.16 0.2 0.07 
E   GPa 36.6 37.3 ? 
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Diamagnetic, paramagnetic and ferromagnetic metals 
Diamagnetism vs. paramagnetism 
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 basic centered monoclinic crystal structure. Probably the elementary magnets are 
blocked by the structure and by the huge dimensions of atomic kernels.  
Regarding the fcc metals Al, Ag, and Au in hindsight of its magnetic susceptibility, Al is 
paramagnetic whereas Ag and Au are diamagnetic. So the unpaired hydrogen of Ag and Au 
was not able to make the metals paramagnetic. Let’s compare the magnetic susceptibilities: 
 
 χ (mol SI): m3/mol: Wikipedia 
Al - 27 Paramagnetic   +  2,1 10 -10 
Cu - 63, 65 Diamagnetic    -   0,7 10 -10 
Ag -107, 109 Diamagnetic    -  2,5 10 -10 
Au -197 Diamagnetic    -  3,5 10 -10 
 
The jump from paramagnetic-Al to diamagnetic-Cu susceptibility happens in a very small 
range. So one can conjecture that the cause was ignored. We must take into consideration that 
the measurement is not an operation in vacuo but in the dielectric and diamagnetic medium. 
Helmholtz, a disciple of Faraday, propagated this dielectric and diamagnetic medium on the 
continent. [berk] Considering Al and Cu, the nodes of Cu occupy more space than the nodes 
of Al do, so the mobility of the unpaired hydrogen is reduced. Cu cannot produce the 
paramagnetic effect.  
The table shows that diamagnetism increases with atomic number A for fcc structures 
 

 
The relative magnetic permeabilities of the materials differ in 
magnitudes only minimally  
from the relative magnetic permeability µ0 = 1 of the alleged 
vacuum that is in reality a dielectric medium of electrons and 
positrons.   
(Obviously, nothingness or vacuum could not have qualities like 
µ0 and ε0 !)   

Magnetic susceptibility is defined: χ = µr — µ0   or   χ = µr — 1 
Therefore, the relative magnetic susceptibility of diamagnetic material is µr < 1, that of a 
paramagnetic material µr > 1.  
 
Wikipedia ( wikipedia (electromagnetism) shows a simplified comparison of permeability’s. 
(graph) 



 16 

 
The graph below shows magnetic susceptibilities of the elements. 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Paramagnetism vs. diamagnetism due to crystal structures 
Note that here the distinction between magnetism is in the crystalline state.  Example silver, 
Ag: Since the Stern-Gerlach experiment it is known that Ag is (para) magnetic as a single 
atom. But a piece (volume) of silver metal is diamagnetic! It is reasonable to determine the 
magnetic susceptibilities per volume.  
Regarding the alkalis Na, K, Rb and Cs, they possess the same structural design. All are 
paramagnetic and their magnetic susceptibilities are in the same range. In the nodes is one 
unpaired hydrogen atom that acts as a tiny magnet. 



 17 

Earth alkali metals and transitions metals (bcc structures) show the same behaviour. Also for 
the fcc crystal types such correlations occur… 
 Elements with trigonal, triclinic and monoclinic structure show exclusively diamagnetism. 
Trigonal structure have: B, Hg, As, Sb, Te. P is triclinic. Monoclinic structures have F and 
Bi. Bi is the element with maximum diamagnetism. Exactly, Bi has base centred monoclinic 
structure. 
The common structural feature of triclinic, trigonal and monoclinic structures is that all three 
are “oblique types”! The other structures “stand straight”. Most paramagnetic elements 
possess bcc, fcc of hcp structures. 
But there are some diamagnetic elements with fcc structures. Compare the paramagnetic 
elements Rh and Ir with their diamagnetic neighbours Ag and Au in the periodic table. 
Structure for all 4 elements is fcc. But the lattices are not identical. Rh and Ir structures 
possess much more rigidity (shear modulus) than those of Ag and Au. A reasonable 
conjecture for this difference is that the bars of the Rh and Ir lattices consist of two hydrogen 
atoms, which are parallel arranged, whereas the relatively soft Ag and Au lattices possess bars 
that consist of only one H. 
 
 
Ferromagnetism of Ni, Co and Fe 
Ferromagnetic metals (Co, Fe, Ni) are super-paramagnetic. They possess magnetic multiple 
susceptibilities when compared with alkaline metals. Why? A conjecture is that the alkalis 
have one unpaired H atom in their nodal lattice points but the magnetic field cannot easily 
align them. Ferromagnetics possess aligned micro magnets due to the magnetic field. 
 
Main isotopic abundances of the ferromagnetic metals are: 
β-bcc:     Fe-56 (92 %); 
fcc:         Ni-58 (26 %), Ni-60 (68 %); 
hcp:        Co-59 (100 %) 
For Fe-56 nodes of the lattice contain 46 H’s, see the article on metallic boding! For fcc 

elements with one H as bond, the formula for the number 
of H’s in the nodes is (A – 6).  
So we obtain for Ni-60: (60 - 6) =  54 H’s. 
  For hcp metals with single bonds nodes of the lattice 
contain (A - 5) H’s. For Co-59 the nodes contain (59 - 5) 
= 54 H’s. Remarkable is narrow range of the number of 
H’s for Fe, Ni and Co nodes: 46, 54. 
 
Note that Ni and Co don’t possess unpaired H’s, but they 

show ferromagnetism. 
Conjecture: Not all  H’s must couple 
to para-particles 
 ( = paired H’s) Some H’s can be 
performed as ortho-particles… 
 
 

 
Experiments show ferromagnetic anisotropy, i. e., the magnetic direction dependence.  This 
behaviour is referred to as cubic ferromagnetic anisotropy. Magnetization directions are 
determined by crystal system. 

H
H

H H H

para-   vs.   ortho-

“paired H’s“
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Conjecture:  
 
Ferromagnetic equilibrium  directions lie 
along direction <111>. Higher temperatures 
are disturbing this stable equilibrium, 
ferromagnetisms get lost. 
 
 
 
 
The rationale in terms of magnetic equilibrium 
is very simple, whereas current QM 
explanation is laborious.  
 
 
 
See Phys. Rev, 52, 1178 (1937) 
http://prola.aps.org/abstract/PR/v52/i11/p1178_1 
J. H. van Vleck: 
It is shown that the dependence of the intensity of magnetization on direction in cubic single crystals 
probably results from the interplay between orbital valence and spin-orbit interaction. Because of the 
spin-orbit coupling, ... 
 
 Stainless steel is an alloy of 90% Fe (ferromagnetic) + 10% Cr (anti-ferromagnetic). But this 
alloy is not ferromagnetic! Both, Fe and Cr have bcc structure, but their nodes are different.  
The node structure is still not understood. 
 
Note that superconductivity shows always diamagnetism.  
Above we concluded that for bcc metals the conductivity decreases with increasing mass 
number A (or density). So the value for the electrical conductivity of Ba (bcc!) is only  
0.3 [107 S/m]. But for the “heavier” fcc-structured Au it is 4,88 [107 S/m]!  
For Au the 12 bonds prevent the atomic cores from excessive thermal vibrations. 
Strong coupling of the atoms is probably the cause for diamagnetism and superconductivity 
 
 
Mutations of Magnetization due to phase transitions 
bcc- Fe under pressure transitions to hcp structure.  
...net magnetic moment in Fe vanishes above 18 GPa upon the transition to hcp Fe, while 
both cobalt and nickel remain ferromagnetic to well over 100 GPa.  
 
Co transitions  from hcp to fcc at about 150 GPa. Volume compression is than V/V0= 0.7  
[mag] Authors try to explain in terms of current metallic electron band theory. 
 [mag] Iota et.al. : Electronic structure and magnetism in compressed 3d transition metals. 
APPLIED PHYSICS LETTERS 90, 042505  2007  
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Molecular properties       • Magnetic type, crystal structure  
 
:bcc :trigonal :hexagonal \:triclinic p  paramagnetic f ferromagn. 
: fcc  ❚: tetragonal /:monoclinic d  diamagnetic af  anti-f. 
: base centered orthorhombic;      : face centered orthorhombic;  D: diamond 
 
I   II     III    IV    V    VI   VII  VIII   IX  
 Li            B   N - -      / F    
 Na - -        Al  \  P      Cl    
 K   - -       Sc - -          V       Mn      Co       Cu       Ga       As     Br    
 Rb - -        Y - -         Nb     Tc - -         Rh      Ag    ❚    In         Sb    I   
 Cs - -      Hf - -         Ta      Re - -        Ir      Au       Tl- -       / Bi    

 
 
  Be       D   C     / O    Ne   
  Mg- -            D   Si     S       Ar   
  Ca - -          Cr          Fe        Ni     Zn - -        D  Ge   / Se     Kr   
  Sr  - -          Mo       Ru       Pd     Cd - -      D αSn      Te     Xe   
  Ba - -   W      Os       Pt       Hg      Pb- -       
Remarks: αSn: diamond structure, diamagnetic. βSn: tetragonal, paramagnetic 

 

• Electrical conductivity 106 S/m 
 
structure bonds    
  bcc | , double bonds, - -  2 H’s in series  ❚ tetragonal bc orthorh D diamond 
  fcc |, , - - fc orthorh   trigonal  
  hcp  |, , - -  2 H’s in series \ triclinic /monoclinic  
I   II     III    IV    V    VI   VII  VIII   IX  
 Li  11          B       
- - Na  21       Al 38  \  P 10      Cl    
- -  K  14  - - Sc  2     V   5     Mn  1    Co 17      Cu 59      Ga   7    As  3   Br    
- - Rb   8 - - Y  2    Nb 7  - - Tc   5 Rh23     Ag 62   ❚    In  12       Sb  3  I   
- - Cs  5 - - La 1,6     Ta  8   - - Re  6  Ir 21    Au 45    - - Tl   7     / Bi  1    
  Be 25       D   C           
  Mg23          D   Si     S         
- -  Ca 29   - - Ti  3    Cr 8        Fe 10        Ni 14 - -  Zn 17     D  Ge   / Se       
- -  Sr  8    - - Zr  2  Mo20     Ru 14     Pd 10   - - Cd 14  ❚    Sn  9  Te       
- - Ba  3  - - Hf 3,3 W 20    Os 12       Pt   9       Hg  1   - - Pb 5        
 

 
——————————————————— 
A surface emission picture of the 
Forschungsinstitut für Elektronen-mikroskopie 
at Graz Technical University can be interpreted 
as follows: Obviously the surface cannot deliver 
a 3D picture of the lattice.  
But the regular crossing lines can be interpreted 
as the connection lines between the atoms. They 
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can be either a representation of the electrostatic forces or bonds (bars) that consist of  
hydrogen.  
We assume that these hydrogen’s are parts of the atoms that serve for bonding. (We don’t 
assume that these hydrogen’s are products of the dielectric medium...) 
But these bonds are not thought of as hydrogen bridges as in current theory but as real elastic 
bars made out of hydrogen atoms. Therefore the lattice possesses real (massive) bars.   
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