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C & BN-Foundation for Atomic-Crystalline
Orbitals

Ordin S.V.

Abstract- The experimental data accumulated over a hundred
years of modern physics, if brought together, can demonstrate
"regularities" lying on the surface, which, sometimes, are not
described by the *first principles." And this is normal, since the
very first principles were formulated when, in the hands of the
researchers, there was only a fragment that we now have in
our database. So, as Planck demonstrated in his time, it is not
surprising that the previously constructed basic models that
abstractly describe the phenomenon from "zero" to "infinity",
beyond the limits of their applicability, give singularities.

The quantum-mechanical model of a hydrogen-like
atom constructed at the dawn of the last century described
qualitatively the entire periodic table and made it possible to
calculate atomic orbitals, in principle, for any quantum
number. However, relativistic corrections were used to
quantitatively match the allowed (model) energy levels. In
addition, in order to describe chemical bonds in materials, the
model orbitals were practically ejected and were replaced in
the first approximation by the so-called hybridized ones.

These contradictions, in fact, were revealed in the
complex analysis of C & BN, the results of which are
presented in this paper. A general view of the hydrogen-like
model of the atom showed that it gives a quantitative
catastrophic divergence in the first order with an increase in
the atomic number. Those. In fact, this model was linearly
used, and 100% discrepancies were attempted to "correct"
due to corrections in the order of smallness.

This approach does not take logarithmic relativity
into account ("Scientific misconceptions" Part Il -
http.//www.rusnor.org/pubs/articles/15503.htm).

Correction of the external atomic orbitals of C & BN
Pauling, taking into account the scale of the atomic number,
resulted in the replacement of the hydrogen-like atom model
by a model that takes into account the screening of the
nucleus by internal electrons. And when describing many
chemical elements within the framework of this quasi-nuclear
model, the starting point is not a primitive hydrogen, but an
elementary but not a primitive carbon atom.

So carbon, not only the basic element on the basis of
which life on Earth arose, but also the basic element for
describing many chemical elements. With this approach, the
catastrophic divergence (singularity) is eliminated depending
on the atomic number of the material properties.

[. INTRODUCTION

ell-known graphite and its white, dielectric
VVanangue of boron nitride, first obtained from
chlorides on laboratory work at the 3rd year of
the Leningrad Institute of Technology by student Boris
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Sharupin, were rightly entered theorists into extremely
anisotropic crystals from the existing on the Earth. But
their high anisotropy was associated not with their most
rigid connection of hexagons, but with the complete
absence of chemical bonds in the crystal lattice
between mono-atomic layers along the C axis. Although
such so-called Van der Waals crystals without chemical
bonds can exist only at helium temperatures, and C &
BN do not fall apart and at 3000C, theorists "skidded".

The beginning of this "drift" can be related to the
name of the classic, Linus Pauling, who invented sigma
and pi-electrons [1].Although he personally found deep
contradiction in his concept, and tried to introduce new,
‘curved" chemical bonds, the Van der Waals crystal
model firmly entered the textbooks on solid-state
physics under a modified name-two-dimensional
crystals [2]. "Drifted" so far that the difference between
real C & BN crystals from two-dimensional ones tried to
describe, in the form of quasi-two-dimensionality, small
corrections to the two-dimensionality. And the majority,
like the same Dresselhaus, where we should
'remember" about the two-dimensionality, and where it
should be "forgotten". By the same principle, the non-
existent "graphene" even "earned" the Nobel Prize.

Doubts in some basic physical models initially
arose in my analysis of the anomalies of crystal optics of
incommensurate crystals. But the optical anomalies
observed on them | considered quite natural for a
qualitatively new four-dimensional object [3].

However, | decided to test the crystal-optical
models of plasma and lattice oscillators on the
asymptotic behavior of the anisotropy of classical
crystals, on an 'ideal" anisotropic conductor -graphite,
and on "ideal" anisotropic dielectric-boron nitride.

But the first experiments on C & BN samples
(and on the grown by B.N. Sharupin [4], and on
American), showed that:

1. and the samples are far from ideal crystals,

2. and the fact that their properties are not described
by ideal models in any way (as indicated by the
authors of the first papers [5]).

And now, after 7 years of our joint work, BN.
Sharutin  grew ‘ideal' C & BN crystals, and |
experimentally examined them, and showed that:

3. properties of C & BN and can not be described by
two-dimensional models, since they do not take into
account chemical bonds between atomic planes.
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And then me, a young employee, a venerable
scholar BN. Sharupin invited me to a conference on the
conference he was holding at the First Atomic Station of
the USSR. He invited me to a report refuting what was
written in the books, including what was written in his
book, with a report refuting the van der Waals interaction
between monoatomic layers in C & BN,

Perestroika, one can say bluntly, killed Boris
Nikolaevich. And the results we have obtained, | was
able to publish in a physical journal, only after including
it in co-authors posthumously [6].

But there was a gap between purely physical,
inconsistent with the usual notions, the conclusions of
our publication and a huge layer of purely technological
research by Sharupin's staff, without which it would be
impossible to obtain perfect crystals and, as it turned
out, understand and accept our conclusions.

His hole was reflected in the books published
after our work. Even in the handbook published in
Schringer by the employee of our Institute, the
conclusions of our publication on the basis of a huge
number of little-known works by the best technologists
of the world were not reflected (when Japanese
Americans learned to grow perfect crystals 5 microns
thick, Boris Nikolayevich gave me more palm- on which |
measured all the crystal optics, and not just the normal
planes, which is reflected in our publication). Partially
this hole | tried to fill with physical research, spent some
time with the former (in GIPH) officers B.N. Sharupina.
But the great purity of the results obtained was
published only in the works of Russian conferences [7 -
12] and are not known in the world so far.

Now, when the world began to be interested in
my previous publications, | was asked to send their
originals. But in post-perestroika time not all reports of
Russian conferences were published. To some extent,
this prompted me to write a book in which not only the
final conclusions for ideal anisotropic crystals are
shown, but also shows a purely experimental basis for
the observed regularity-the dependence of the physical
properties of the pyrocrystals on the ordering degree of
both their crystal lattice and the complex ordering
hierarchy crystallites.

But when analyzing the structure and properties
of C & BN [13, 14, 15, 16, 17], a catastrophic
discrepancy was revealed in the most general physical
laws. The dependence of the upper filled level on the
atomic number within the base model of the hydrogen-
like atom is qualitatively different from the experimental
data on the first ionization potential, and the atomic
orbitals calculated to arbitrarily large principal quantum
numbers are not the first approximation even for the
elementary carbon atom (require 100% ).

Soitturnedout that

1. that an elementary, but at the same time, non-
primitive carbon atom, and not an ideal model
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based on the hydrogen atom, is a "brick" for atomic
physics and the description of chemical bonds.

So, the "brick" of organic life carbon is the real
"brick" of atomic physics, and graphenology takes away
from reality even the physics of carbon itself.

The research of C & BN was also of a purely
applied nature. In particular, the C + BN composites
tested not only the correctness of the use of optical
models  for  interpreting the  properties  of
incommensurate superstructure crystals, but also the
analysis of the effect of potential barriers on
thermoelectric ~ efficiency [18]. And although a
conductive C + BN was obtained, and its Seebeck
coefficient exceeded the thermoelectric power of pure
graphite by a factor of tens, but it reached only 500 pV /
C and did not find any practical application.

However, these experiments put the finishing
point in the analysis of barriers, showing the need for
artificial asymmetry of the barrier on a nano scale. So C
& BN to the formation of semiconductor structures with
local thermo-emf [19-24]. Now the circle is closed - the
analysis on the basis of C & BN allowed levels (zones)
of electron energy has made it possible to come closer
to an understanding of "What materials and how to
make artificial semiconductor structures with high
energy conversion efficiency.

[I. BASIC SIMILARITY AND DIFFERENCE
BETWEEN C & BN.

C & BN are the most elementary similar in basic
parameters compounds for a whole class of actively
used elementary semiconductors Si and Ge and similar
and semiconductor-analogues A3B5: Si & AIP (N, As),
Ge & GaAs (P, Sb), Sn & In Sb ((As, Bi). namely, the
elementary nature of C & BN at the atomic level makes it
possible to estimate with good accuracy also their
crystal properties at the lowest, atomic level, which
allows them to be used as a base point of departure for
the whole class.

a) Similarities of C & BN, which give the overall picture

Although the hydrogen-like model of atoms
used for the qualitative explanation of atomic-molecular
bonds of any chemical elements of the Mendeleyev
table gives significant quantitative discrepancies with
experiment already in the first period, it nevertheless
describes fairly well the first two periods. Moreover, as
will be shown below, the quantitative discrepancies
observed in these periods with experiment indicate the
need for modification of the elementary model, the
possibility of its modification, and the possibility of using
(at least in principle) at least the DEFINITIONS s and p -
orbitals of the hydrogen-like model, and! - the similarity
of electronic orbits C & BN. And although the number of
external electrons in boron and nitrogen is different, but
their external orbitals (allowed in the atoms of the



electron state) are similar and, therefore, external
electrons are distributed between the boron and
nitrogen atoms approximately in carbon. At the same
time, both materials have 4 valence electrons per atom.
As a consequence, the crystalline structures of all
phases of BN are in many respects similar to the

corresponding structures of C (similar to the rest of
A3B5, the similarity to the structures of the
corresponding elements of the fourth group is
observed). And, as a result, the phase diagrams of
graphite and boron nitride are similar (Fig. 1).
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Fig. 1: Similar phase diagrams of carbon (the boundaries of the phases are marked in green) and boron nitride (the
boundaries of the phases are marked in red). Conditionally, the boundaries between two cubic phases of carbon

and a metallic "diamond" are shown.

In the low-pressure region, both materials exist
in  two layered modifications: hexagonal and
rhombohedral, in the spirit phases, which are different,
as will be shown in the analysis of lattice vibrations, not
by the rigidity of interatomic bonds, but by their
ordering. In the high-pressure region, two cubic
modifications are observed: brittle, diamond-like, with
bond stiffness about 30% lower than in hexagons, and
the y phase is elastic-viscous, diamond-like, but with
interatomic bonds close to the interlayer in layered
phases. At very high pressures, the existence of a
denser metal phase than diamond is assumed, which
corresponds to the realization of a diamond structure
with four internal hexagonal bonds.

Although the boundary between layered and
cubic modifications strongly depends on time and
catalysts, the fundamental similarity of phase diagrams
further confirms the similarity in them of the
transformation of atomic orbitals into crystalline ones
and the similarity of the transformation of crystalline
orbitals during phase transitions. Some displacement of
the boundary layer / cube transition for boron nitride in

the low-pressure region can be attributed to an
additional, naturally, contraction due to the additional
ionic contribution to the potential energy of the crystal. A
shift in the boron nitride of the solid-phase transition to
lower temperatures is associated with an additional
contribution to the kinetic energy of the crystal due to ion
oscillations (optical branches).

The rhombohedral phase of graphite was not
observed in nature at all, which led earlier to draw the
wrong conclusion that in boron nitride and in graphite it
is under normal conditions a metastable phase (like a
diamond). While experiments on the annealing of perfect
rhombohedral boron nitride crystals directly, on the
transformation of lattice oscillators, have shown a phase
transition at a temperature of about 1250C to a
hexagonal state. So, and hexagonal C & BN hexocarbon
crystals, as well as natural hexagonal graphite, under
normal conditions, are just in a metastable quenched
state, but in a stable as a diamond. And just like a
diamond, the hexagonal phase can not be transformed
into rhombohedral phase at low temperatures because
of large interatomic forces in the plane of hexagons and
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because of the very low rate of the solid phase transition
[16, 17].

A rigorous three-dimensional one, taking into
account interplanar ion-covalent bonds, the ordering of
the crystal lattices of C & BN is possible only in the
rhombohedral phase (with a translation period along the
C axis equal to the tripled interplanar distance). And, as
is clearly seen in the construction of the crystal lattice of
boron nitride, the doubled interplanar spacing observed
in the hexagonal phase does not correspond to the
translational invariance of the interplane bonds. Thus,
the hexagonal phase, in principle, corresponds to a
random (with defects) distribution of interplane bonds,
and the rhombohedral / hexagonal phase transition is an
order-disorder transition in their distributions (between
layers). This chaos leads to a high slip of the layers
(potential minimum blurred-wide), and the formation of
solitons in the distribution of interlayer bonds,
contributes  to the formation of

small-crystalline

polycrystals, and as a result, to slip and cleave only
crystallites (flakes).

Cubic modifications of C & BN also exist and
were studied in two phases. In the form of a so-called
gamma phase, obtained by the hydrostatic
compression method or by explosion from a hexagonal
or rhombohedral phase of a denser, diamond-like
package, and in the form of a hydrostatic compression
from the so-called isotropic C & BN pyrocrystals of a
more loose package. But as will be shown in the
analysis of lattice reflection, the so-called amorphous C
& BN obtained is also a cubic C & BN, differing not only
in the space symmetry group, but in the rigidity of the
interatomic bonds.

Similarity is manifested in the growth of C & BN,
and the technology of their cultivation [4], and in the
microstructure arising in the microcrystals.

The least ordered and the least dense phase is
the so-called pipe-stratum phase (Fig. 2).

Fig. 2: Electron microphotographs of the pyrolytic crystals of the C-BN pipeline stratum: a and b are the plane
parallel to the growth axis C (preferential orientation of crystallographic axes of microcrystallites), ¢ is the plane
perpendicular to the growth axis (the edge of the figure is approximately 1 mm).

The micrographs of the pipe-stratified phase
shown in Fig. 3.1 have an almost equivalent character,
both for graphite and for boron nitride. They
demonstrate what follows from the whole complex of
studies, and from the natural nano-state of C & BN - the
appearance of embryos in the form of fulerenes. As
shown in [1], the natural state of embryos from atoms:
three (rigid, "straight") orbitals are closed to neighboring
atoms in a collapsed plane, and the fourth orbital
(softer, but not a "curve" according to Powling), closing
to a similarly torn interlayer orbital of one of the
neighboring atoms of the same layer. This leads to the
specification of the curvature of the surface of the mono
atomic layer. As shown in Fig. 3, some amount of
fullerene-like defects is also observed in the most
perfect samples of the rhombohedral phase.

© 2018 Global Journals
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Fig. 3: A microphotograph of the growth defect, whose small concentration is also observed in perfect rhombohedral
C & BN rhombo-crystals.

Under conditions of a lot of germinal growth of
a hexagonal-linked cryocrystal, a weakly ordered least
dense, the least anisotropic (as will be shown below), a
brittle, coarse, low-density, pipe-stratified phase
appears in the layer. As can be seen from Fig. 2, these
cryocrystals are textured polycrystals consisting of
interlaid spacing packets with a large spread and the
mean orientation of the C-axis of the packet, and the
orientation of the C-axis of the crystallites Ay in the stack.

At high precipitation temperatures, hexagonal
pyrocrystals with a low concentration of growth cents
with a much higher density and with a strict orientation
of the C-axis of the packets, but precisely packets of fine
and well-ordered crystallites, can also be formed
(Fig. 4).

Fig. 4: Electron micrographs of hexagonal C and BN hexagonal pyrocrystals: a and b - a plane parallel to the growth
axis C - the preferential orientation of the axes of microcrystallites C, ¢ is the growth surface (perpendicular to the C

axis).

In this case, as can be seen from Table 1 and
Fig. 5, the degree of ordering of the crystallites
(including the transitions between the phases:
trubostrata - hexagonal-rhombohedral - uniquely
correlates with the degree of disorder of the interatomic
distance in hexagons, which we will use later for

quantitative characteristics and microstructure and
physical properties of pyrocrystals.
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Table 1

Type High-density Low-density Isotropic
pyrocryst-| Rh Ge
als pyrocrystals pyrocrystals pyrocrystals
Ne 0 1 2 3 4 5 5 6 7 7 8 8
d.A 3,34 3,36 3,37 338 | 341 |344 (344|344 | 344 | 344 | 344 | 3,44
5d,A 0 0,005 0,018 0,022 | 0,13 02 (022023 0626 | 0,16 | 0,18 | 0,21
a A 2,46 2,46 2,46 246 | 246 |246 | 246|246 | 246 | 2,46 | 2,46 | 2,46
3a, A 0 0,001 0,003 0,006 | 0,001 |[0,011]0,012]0,015| 0,019 | 0,010 |0,011 |0,019
Lo, A 2000 1000 275 260 111 80 84 30 20 154 110 90
La,A o >10* 320 359 70 45 | 42 | 32 25 58 50 | 47
9 /pc’ma 2,26 2,25 2,24 223 | 186 186|176 | 16 | 134 | 208 | 1,9 | 1,82
g/pc*r’nS 2,26 2,247 224 | 2233 | 2,214 [2,194(2,194 2,194 | 2,194 | 2,194 | 2,194 | 2,194
Ay,° 0 0 20 25 30 45 50 55 60 90 90 90

As can be seen from Table 1, the x-ray phase transformations of the crystal lattice of
densityp* of weakly ordered samples is above the pyrocrystals from Table 1 were obtained by comparing
pycnometric densityp, which is due to the presence of  the microstructure with X-ray spectra (Fig. 5).
voids in these samples. In this case, the crystal-like,

0063,
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Fig. 5: Correlation of a complex hierarchy of ordering of crystallites with the ordering and structure of the crystal
lattice of C & BN based on the results of X-ray structural measurements and electronic photographs of the plane
parallel to the growth axis of a series of samples of different phases of C & BN with different degrees of ordering of
the crystal lattice and microcrystals: a is a highly ordered rhombohedral, b mixture of layers of rhombohedral and
hexagonal, ¢ - highly textured hexagonal, d - low-order hexagonal and e - the so-called pipe-stratum phase a.
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As seen from Fig. 5, the most ordered crystal
lattice, and the maximum size of highly ordered
crystallites, are the C & BN pyrocrystals of the
rhombohedral phase. At the same time, the change in
the interatomic distance in hexagons when the samples
are disordered is practically determined by its own

blurring éa (Tab.1). This is quite natural, since hexagonal
links are the toughest in C & BN. Therefore, a clear
correlation is also observed between the interplanar
distances in the crystal lattice (Fig. 6a), and the
crystallite size of the C & BN pyrocrystals.

arE w a

3.6

R N (154
oo d+8d (Iz)

35

» ++..,¢-‘
++++¢++++***”
PP

: :
34 E g g
33 : | . i i |
0,000 0,005 0,010 0,015 0,020
106 =

10°

10°

0,000 0,005

0,010 0,015 0,020

Fig. 6: The regular dependence of the secondary parameters of the C & BN crystal lattice on the blurring of
interatomic distances in hexagons éa: a - the interplanar distance d and its smearing 4d, b - L - the crystallite size
along the C axis and L, - the crystallite size across the C axis.
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In the dependences of the additional (on the
binding energy) parameter of the C & BN crystal lattice
and the sizes of the crystallites on the parameter 3a,
which is characteristic of the ordering of bonds in
hexagons, the parameter éa is clearly seen in certain
regularities. The relatively sharp growth of interplanar
parameters at the initial section is accompanied by a
transition  from a  three-dimensionally  ordered
rhombohedral phase into a two-dimensionally ordered
one. Hexagonal and a sharp reduction in the size of
crystallites with a decrease in their geometric anisotropy.

Further, there is a slow increase in the
interplanar spacing d (which correlates with a slow
decrease in the LC crystallite size along the C axis), but
a faster increase in the blurring of the interplanar
spacing 6d (which correlates with a faster decrease in
crystallite sizes along the La hexagon layers, leading to
the disappearance of their geometric anisotropy, and
then to its inversion).

In the third segment, the growth of the
interplanar distance is again accelerated, although
being much smaller than the blur, and it itself is already
determined by the blur, and further diminution of both
sizes of crystallites is also determined by this blurring.
This blurring of the interplanar distance also determines
the further decrease in the crystallites in the fourth
section. But within the crystallites, a further increase in
the interplanar distance is impossible, as shown by the
d (8a) observed in the fourth section. And this shelf is an
additional confirmation of the existence of interplanar
connections in C & BN. It gives the maximum length of
the ‘interplanar" orbitals observed (as will be shown
below) in the cubic gamma phase.

Isotropic pyrocrystals - polycrystals obtained
from technology with a high concentration of nuclei from
randomly oriented small hexagonal crystals (sometimes
called the "amorphous" phase), as seen in Fig. 6, also fit
into the described regularities with some quantitative
correction.

b) Differences between C & BN, which complement the
overall picture

The band structure of layered carbon
modifications and boron nitride is fundamentally
different because of the presence of a dipole in the
latter. As a consequence of the large difference in the
concentration of free carriers, their electrical conductivity
and other kinetic parameters are radically different. But
the electronic contribution to the binding energy of
atoms in the lattice and in graphite is much less than the
binding energy between the mono-atomic layers.
Therefore, the kinetic properties of graphite characterize
the given crystal lattice in general. On the other hand, a
slight difference in the charge and mass of the boron
and nitrogen atoms, which have become in many
respects equivalent in the crystal lattice of boron nitride,
are reliable markers, which, as will be shown, make it
possible to exclude irregularities that violate the
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translational invariance of the arrangement of
monoatomic layers. In addition, the presence of a dipole
in the boron nitride lattice makes it possible to analyze
quantitatively the strength of interatomic bonds also in
general, because The energy of the dipole interaction
does not substantially distort the crystal lattice.

Therefore, the difference in the properties of C &
BN not only does not interfere with the analysis of their
physical properties, but even helps. And the kinetic
properties of the ideal conductor (which does not have
dipole scattering) of graphite, and the optical properties
of the ideal (practically free of the masking contribution
of free carriers) of the boron nitride dielectric and are in
good agreement with the "similarities" listed above, and
even supplement / explain them. The results of the
experiments presented in this section will be used rather
to demonstrate the manifestation of the "similarities"
noted above (and their complements). Although, along
the way, taking into account and clarifying the identified
"similarities," some adjustment of the commonly used
working models will be carried out.

i. Dependence of the kinetic parameters of C & BN
on the degree of ordering
Studies of graphite, both natural crystals and
pyrographite, have been devoted to many works [25-
43]. And not by chance, since it is a unique material.
The electrical conductivity over the layers of
graphite hexagons is in some ways unique, especially
its anisotropy, reaching a million. But the use of the Van
der Waals assumptions [44], rather, made it difficult to
understand the true nature of it, than it helped. So the
highest anisotropy of the electrical conductivity was
attributed not to the peculiar motion of the current
carriers along the hexagons (as was pointed out for a
long time by the giant oscillations of de Haas-van
Alphen oscillations in graphite), but with the alleged total
absence of electron overflow from one mono layer
another. Then, as shown in Fig. 7, the dependence of
the electrical conductivity on the basic ordering
parameter of the C & BN crystal lattice directly gives a
different explanation.
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Fig. 7: Dependence of the electrical conductivity along ¢, and across ¢ of the mono-atomic layers of graphite on the
hexagon ordering parameter da.

From a comparison of Figures 7 and 6, it is
clearly seen that a sharp drop in the initial (first) section
of 6, and e, occurs during a transition from a three-
dimensionally ordered one, and as a consequence,
having a considerable conductivity across the mono
atomic layers, the rhombohedral phase into a two-
dimensional ordered hexagonal phase. However, a
catastrophic decrease in macroscopic 6, during the
transition to a highly ordered and strictly textured
hexagonal phase occurs not only due to the termination
of the flow of electrons between mono atomic layers (the
concentration of interlayer bonds in the hexagonal
phase is not much smaller than in the rhombohedral
phase, they are simply disordered), but and because of
the concomitant decrease in the crystallite thickness
along the C axis by an order of magnitude (for the
rhombohedral phase of macroscopic packets with
thicknesses of thousands of angstroms).

Scattering of electrons at the boundaries of
crystallites in the hexagonal phase gives a significant
contribution to the macroscopic resistance of hexagonal
pyro graphite along the C axis, and the weak, almost
van der Waals bond between the crystallites, determines
the high sliding of the "layers" of graphite against each
other. She also ensured the possibility of obtaining a
Nobel Prize with the help of a sticky tape "inventors" of
graphene.

A fundamentally new for understanding /
explaining "similarity" gives a subsequent sharp rise in
the electrical conductivity e, at the boundary of the first
and second sections. Since no growth of crystallite
thickness is observed at all, and no sharp disruption is

observed, a sharp increase in the electrical conductivity
of the pyrocrystal along C indicates that a critical
disruption of the ordering of hexagons in the grid leads
to interlacing of hexagonal nets.

The course of the dependence of the electrical
conductivity on the further increase in the disordering of
hexagons is in good agreement with the regularities
shown in Fig. 6 and have not revealed anything radically
new. And the main interest was the properties of highly
ordered pyrocrystals of the hexagonal and
rhombohedral phase. Therefore, without dwelling on the
model description, just to demonstrate the above-
described regularities, we will give the polarization
spectra of the plasma reflection of pyrocrystals of
different degrees of ordering (Fig. 8, where the sample
numbers correspond to Table 1).
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Fig. 8: Conjugated with reflection of local plasma oscillations, the polarization spectra of plasma reflection on free
carriers for pyrographs with different degrees of ordering: 0 - rhombohedral crystal, 1 - highly ordered hexagonal
phase, 2 and 3 - hexagonal phase with increasing degree of disordering of hexagons.

As can be seen from the comparison of spectra
0 and 1 in Fig. 8, the transition from the rhombohedral
phase to the hexagonal leads, primarily to a sharp
decrease in the conductivity along the C axis. Moreover,
it is seen from the high-frequency part of the reflection
spectra that there is a mixing of localized plasma
oscillations and, respectively, the transformation of the
electronic band structure. And when passing from
spectrum 1 to spectrum 2 with E || C, an increase in
plasma reflection is observed, analogous to an increase
in the electrical conductivity e at the boundary of the
first and second sections of Fig.7. That is, the
dependence of the reflection on free carriers on the
degree of ordering is similar to the analogous
dependence of the anisotropy of the electrical
conductivity on a direct current.

Also briefly, without going into the description of
experiments at different temperatures, we demonstrate
the effect of disordering hexagons on the thermoelectric
power of pyrographs along and across the C axis at one
room temperature (Fig. 9).
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Fig. 9: Dependence of the thermoelectric power along ac and across e, axis C at room temperature on the degree
of ordering of hexaonsda.

As can be seen from Fig. 9, up to room
temperature, the thermo power in perfect rhombohedral
pyrographite is practically zero for both crystallographic
directions. Those. despite the giant anisotropy of the
electrical conductivity, and along the C axis, and across
it the ideal graphite behaves like a good semimetal in
which the contributions to the conductivity are weak, that
is, the active losses due to interband / phonon
scattering are small in both directions.

Moreover, for a, these contributions are small
up to the critical value of the disordering of hexagons
corresponding to the boundary of the fourth section in
Fig.6. However, for the direction along the C axis, the
active scattering processes that determine the diffuse
Seebeck coefficient are sharply manifested in ac starting
from the minimal degrees of disordering of the
hexagons. This is quite natural, because In the first
place, weaker interplane bonds / orbitals are destroyed.

The anisotropy of local plasma oscillations
(curves 0 for E parallel and perpendicular to the C axis)
observed at the high-frequency edge of the reflection
spectra (Fig. 8) of rhombohedral pyro graphite sharply
decreases upon ftransition to the highly ordered
hexagonal phase, while the low-frequency reflection
anisotropy on free carriers, in full agreement with
anisotropy of DC conductivity, maximum.

From the analysis of the influence of the degree
of ordering of hexagons on the kinetic and optical
parameters, one can make an unambiguous conclusion
that the ideal rhombohedral graphite has not an abstract
two-dimensional conductivity and a mythical dielectric
nonconductivity along the C axis, but an ordinary

semiconductor one. And, from the corresponding
reflection spectrum "0" at E // C, the refractive index of
the order of 3, follows the width of the forbidden band E,
~ 1.6 eV. I'm not sure that anyone measured the width
of the forbidden zone of the van der Waals crystal, but |
think it is no less than 10 eV.

The results obtained make it possible to
construct a band model of graphite qualitatively
describing the change in its properties with a change in
its degree of disordering and eliminating the
contradictions inherent in the Slonchevsky-Weiss band
model for ideal graphite [26]. In addition, the proposed
model has fewer in dependent parameters, so all the
described experimental results can be explained without
using additional, heavy b ands for electrons and holes
[42].

The internal contradiction of the CB model is
due to the mutually exclusive assumptions: on the one
hand, it is assumed that the lattice of an ideal graphite
corresponds to a strictly two-dimensional material, that
is, with an infinite effective carrier mass in the C
direction; on the other hand, finite effective electron
masses and holes. The three-dimensional correlation
observed in x-rays in the crystal lattice of highly ordered
pyrographs is in complete agreement with the physical
properties of these materials described above.
Therefore, the widely used purely two-dimensional band
conduction model in graphite (Fig. 10a) can not be
accepted even for the coarsest approximation.

The band structure of graphite, in the first
approximation, should be described by the model
depicted in Fig. 10b.
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Fig. 10: Model of a two-dimensional zone (on the left) and a zone of 3-dimensionally ordered graphite (right).

The principal point of the proposed band model
is that the semimetallic overlap is indirect, since the
maximum and minimum of the zones are spaced in the
k space along k- The placement of electrons and holes
in energy-overlapping bands, which are not overlapping
in the pulse, explains their small mutual scattering (at
not very low temperatures, when the phonon momentum
is less than the displacement due to the momentum of
the extrema-the total absence of scattering). On the
other hand, the motion of the current carriers along the
C axis has an additional reactance connected with the

need to overcome a potential barrier equal to the width
of the forbidden gap shown in Fig. 10.

Thus, the limiting anisotropy of an ideal graphite
is determined by the fact that it is semimetal along the
planes and the semiconductor is perpendicular to it. But
the estimate of the width of the forbidden band obtained
earlier on the basis of an empirical relation for isotropic
semiconductors gives an obviously overestimated value.
Therefore, direct measurements of the energy gap were
made by passing thin dispersed graphite films
deposited on an IR transparent substrate (Fig. 11)
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Fig. 11: Absorption spectrum of a film of finely dispersed pyrographite.

Dispersing  graphite  eliminated
conductivity, masking narrow slit effects.

through
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The obtained absorption spectra of pyrographs
are well described by the additive contributions of two
processes:



indirect permissible transitions: e ~ (E - (AE, +Eph))2,
with the characteristic frequency (AE; +Eg)/h = — 640
cm’, where E,, is the phonon frequency and by direct
allowed transitions: @ ~ (E - AEp)", with E,, / h = +
1000 cm-1.

Taking into account that the maximum phonon
frequency for graphite is about 1400 cm-1, the obtained
values of the edges of the inter band transitions
correspond to a band structure with a direct slit near the
Fermi level of about 0.125 eV and an indirect overlap of
0.25 eV. From the above analysis it follows that with a
decrease in the degree of disorder in pyrographs, the
forward energy gap decreases, and the overlap of the
zones increases.

i. Dependence of C & BN optical parameters on the
degree of ordering

Pyrocrystals of boron nitride, as well as
graphite, are a unique technological and technical
material, inferior to pyrography only in heat resistance,
but superior in diffusion of impurities (diffusion gate) and
in radio transparency. Therefore, since the creation of
boron nitride BN Sharupin, he was also actively
investigated [11-17, 45-50].

The optical properties of graphite have already
been used in analysis. But many optics and optically
useful optical effects in highly conductive graphite are
strongly shielded by current carriers. Therefore, they are
either practically inaccessible for measurements, or
require special indirect methods: measuring - the type of
disturbed total internal reflection and technological - the
type of graphite dispersion described above, in order to
suppress through conductivity at the wavelength of the
radiation used for the diagnosis.

Both the first and second numerous, and not
only the above methods, were used to analyze C & BN.
But they were used only for qualitative, testing analysis.
As with the correct modeling of physical processes, it is
necessary to build on the model describing the effect in
the first approximation, and not in the form of the tenth
correction, and with the right experiment, one must build
on a reliably established direct effect, and not indirect
ones.

In this respect, the Raman scattering, which has
become fashionable and in many respects superseding
classical spectroscopy, is by definition an indirect effect,
i.e. interpretation of the results of these measurements
is incorrect without reference to the base effect. In
addition, the indirect effect of the effect also strongly
influences the experimental conditions: the radiation flux
used is many orders of magnitude greater than the
fluxes of nondestructive IR spectral diagnostics, and the
recorded signals, which are attenuated by 7 orders of
magnitude, are also orders of magnitude lower than in
classical spectroscopy. The same can be said about the
use (mainly because it has nowhere to go for the
colliders) of synchrotron radiation.

But it is better to talk not about what is useless
or unreliable, but about what is useful. Classical
spectroscopy, in principle, allows recording directly, in
reflection, many effects even in highly conductive
samples. But for this it is necessary to take into account
the general phenomenon - logarithmic relativity and to
increase the accuracy of measurements. And this was
also repeatedly tested and used. The results presented
below were interpreted taking into account the
logarithmic dependence of the responses, and were
measured not with a standard "optical" accuracy of 2-
3%, but with an accuracy of the order of one thousandth
percent. To increase the sensitivity of the optical
technique, the optical zero was improved and a
computer technique for noise analysis was used.

But, in addition to the measuring technique, it is
also necessary to have an '"instrument" - an effect that
gives directly and unambiguously information, in our
case, a crystal lattice. And in boron nitride, this "tool" is a
residual "'memory" of the fact that the boron and nitrogen
atoms are different, the dipole in the crystal lattice
allowing both the recording and stiffness of the
interatomic bonds and the degree of ionicity of the
dipole to be recorded both directly and in reflection [51].
As was shown above, the contribution of this dipole in
boron nitride (and its difference from the contribution of
a small concentration of free carriers in graphite) can be
neglected to a first approximation. And the change in
the parameters of the same type of crystal lattices
during the transition from boron nitride to graphite is less
than their change in phase transitions and disorder, and
the above C & BN characteristics, starting with their
phase diagrams, are similar and differ only
quantitatively. Therefore, the results of the dipole
analysis of the crystal structure of boron nitride are also
applicable in the first approximation to the crystal
structure.

The polarization spectra of the lattice reflection
of a perfect rhombohedral boron nitride picr crystal are
shown in Fig.12.
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Fig.12: Lattice reflection spectra of perfect (with a low concentration of defects and penetrating at several
millimeters thick) crystals of boron nitride: rhombohedral phase (a and ¢) and diamond-like cubic phase (b).

The reflection spectra of rhombohedral boron
nitride shown in Fig. 12 demonstrate practically ideal,
weakly damped lattice oscillators that exist in the lattice
in both the hexagon plane (Fig. 12a) and between the
mono-atomic layers (Fig. 12c). In this case, the
frequency of transverse vibrations (the low-frequency
edge of the lattice peak) characterizing the rigidity of
atomic bonds is approximately 1.8 times lower for
interlayer bonds than for bonds in hexagons. In addition,
the width of these oscillators, and strictly - the difference
in the squared frequencies of the high-frequency edge
of the grating oscillator (longitudinal vibration) and the
said low-frequency gives the ratio of the concentration of
dipoles in the shown orthogonal directions 1: 3. This
ratio strictly corresponds to the ratio of the number of
orbitals between the layers and in the layer and shows

© 2018 Global Journals

that all 4 external electrons are involved in the lattice on
ion-covalent bonds. And the limiting anisotropy (with
respect to the lattice stiffness) is not a theoretical two-
dimensional infinity, but 1: 7.2

Fig. 12b shows a lattice oscillator of a cubic,
diamond-like, equivalent in hardness, but more durable
and wear-resistant boron nitride obtained by the
rhombohedral explosion method. Its grating oscillator is
also sufficiently weakly damped. And although the
damping of this oscillator appears somewhat more than
in the rhombohedral phase, and directly from the graph,
the model processing of the spectrum also gives the
stiffness of the interatomic bonds intermediate between
the interlayer and interlayer bonds, and the width of the
peak gives the concentration of dipoles 4 per atom, i.e.
the total number of orbitals per atom.



Thus, in the phase transition from the
rhombohedral phase to this cubic phase, the orbitals of
the hexagons are somewhat stretched, and the
interplanar orbitals somewhat contract and move to the
mean equivalent position. The transformation of the
lattice described in boron nitride is even more natural
and rigorous for graphite, but the assumption that there
is no chemical bond between the monoatomic layers in
graphite, as will be shown below, is unnatural!

Naturally, before the results shown in Fig.
spectra of reflection and before the presented

conclusions were made, the whole series of samples of
boron nitride with different degrees of ordering of the
crystal lattice was obtained and investigated. For a
logical description it is necessary to go in the reverse
order and in the following figure 13 the spectra of the
reflection of a pyrocrystal with a minimum degree of
disorder are presented - a strictly textured hexagonal
boron nitride boron crystal.

Fig.13: Polarization spectra of lattice reflection of strictly textured hexagonal boron nitride.

Just as in a rhombohedral crystal, the
reflections of three normal modes were studied to
control the dependence of the optical properties of the
crystal on the orientation of the wave vector relative to
the crystallographic axes. Spatial dispersion, which is
manifested as a first approximation in long-period
structures, is not revealed here, and the crystal-optical

effects due to the smallness of the disorientation of the
crystallites and their size are much smaller than the
lengths of the investigated waves, also were insignificant
(in contrast to weakly ordered pyrocrystals, where they
are large).

So, the mixing of normal oscillators (the
transformation of the shape of the oscillator due to the
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