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Abstract: Super-carbon nanotubes have widely potential applications such as field-emission displays,
high-strength composites, hydrogen storage, and nanometer-sized semiconductor devices>. These
materials with hierarchical geometrical structures always display quantum-like properties and have
many fascinating nano-effects™, such as a remarkable increase in strength, high surface energy and
surface reactivity, excellent thermal and electric conductivity, and extraordinary fast flow in nanotubes’.
However, the precise role of these intricate phenomena is unknown. Here we show that nanotechnology
could be seen as a link between the deterministic classic mechanics and the indeterministic quantum
mechanics, and E-infinity theory®® could help in understanding various nano effects. We also found
that the characteristics of super-carbon nanotubes depend mainly upon Hausdorff-fractal dimensions
of their hierarchical structures. Furthermore, the E-infinity nano-model for super-carbon nanotubes
could deal for the first time with seemingly complex properties of nanotubes. Particularly, for the
specialists in designing, manufacturing and using super-carbon nanotubes, this will be of great practical
mportance.

Recently Coluci er al. proposed a new structure of the so-called super-carbon nanotube!?,
which can be either metallic or semi-conducting prototypes for electromechanical
actuators, serve as hosts for large biomolecules, and have a wide range of potential
applications!?. Here we will show that the characteristics of super-carbon nanotubes
depend mainly on their hierarchical structures.

Super-carbon nanotube is a hierarchical fractal, and as such it is like the ultimate
building blocks of Nature as proposed by E-infinity theory®. As stated by Gerardus ‘t
Hooft!° discrete space time may be the most radical and logical viewpoint of reality'!.
Unfortunately most mainstream physicists are unwilling to adopt the picture that space
and time consist of a collection of isolated points, where particles can be only on those
points, but not in between®!%!!, E-Infinity theory!? !¢ extends this notion to a transfinite
setting where the collection of points can mimic the continuum?. Such a collection of
unaccountably infinite set of points is said to possess the cardinality of the continuum
and as such it is a compromise between the discrete and the continuum.

In view of this theory, nanotechnology'”!® could be seen as a link between the
deterministic classic mechanics and the indeterministic quantum mechanics!”!%, It seems
that there ought to be a law controlling the change from a classical object like a stone to
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a quantum object like an electron. Somewhere between these two scales these changes
happen, but this does not happen abruptly. There is indeed a grey area between these
two scales which is neither completely classical nor completely quantum. E-infinity theory®
and probably also ‘t Hooft’s deterministic quantum mechanics!® may be valid for all
these various scales and may provide strong candidates for dealing with the said grey
areal'l,

In recent years there has been a flurry of original papers published on the foundation
and application of E-infinity theory!-?¢. The main application of E-infinity theory shows
miraculous exactness, especially in predicting the theoretically coupling constants and
the mass spectrum of the standard model of elementary particles!'®-%.

In a theory of » dimensional spaces, what we mean by » dimension is simply that we
need » numbers representing # coordinates to fix the position of a point in this space. In
our classical space time, these are the familiar triple x, y and z; while in relativity we have
a fourth coordinate or dimension, namely the time z The formal dimension in E-infinity
theory , however, is?

DF = o, )

The physical interpretation of Eq.(1) in super-carbon nanotubes will be discussed
later. The topological dimension of E-infinity theory is®

DT = 4. )

The dimension 3+1= 4 means that as in our daily experience, the world at the nano-
scale appears to us as if it were four-dimensional. In addition as we will show shortly
there is also a Hausdorff dimension connected to this space equal to 4 + ¢’= 4.23606797

where ¢=(\5-1)/2.

Hierarchical structure can be found everywhere in super-carbon nanotubes!, as
illustrated in Fig. 1. Let us sum up an infinite number of intersecting Hausdorff-fractal
dimensions of infinite number of one dimensional Cantor sets, with Hausdorff dimension

(d)", where n=0,1,2,---.

Consequently we have?’-?

(@) =1+ (A7) + (@) +-- )
i=0

Here we assume the radius of the mother cylinder in Fig. 1 to be equal to 1, and

(d)" is the radius of n-th child cylinder. The expectation value for this sum in terms of

(0) ;427,28
d;” is
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This formula already implies that D, = o0 in super-carbon nanotubes. This is because
we have been summing over # = 0, ..., o and this is the formal dimension of E-infinity.
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Figure 1: The Hierarchy of a super-carbon nanotube. E-infinity theory could explain nano-
effects including unusual strength, high surface energy, high surface reactivity,
high thermal as well as electric conductivity depend strongly upon the hierarchical
structure of the super-carbon nanotubes and especially upon the ratio of r_, Ir .

In case of d” =1/2, we have <d_ >=4.This means that when d\” =r,

Ll =12,
where r and r , are the radius of the n-th and (»+1)-th carbon cylinders respectively,
the super-carbon nanotube will behave like those in four dimensional spacetime. More
explicitly super-carbon nanotubes with <d > = 4 have the same characteristics as a single-

walled carbon nanotube from which they are built.
In case of d§°> =1/2, we can easily find that the average Hausdorff dimension is
larger than 4 and in case of d§°> =¢= (JE —-1)/ 2, we have a spacetime filling structure

with <d C>=4+ #°>=4.236067977. Such a super-carbon nanotube displays quantum-like

properties and has many fascinating nano-effects*¢, such as a remarkable increase in
strength, higher surface energy and surface reactivity, as well as better thermal and electric
conductivity. We see that the preceding Cantor set based on a hierarchical geometrical
picture could help in understanding these nano effects.

We have proposed an E-infinity nano-model for super-carbon nanotubes dealing for
the first time with a seemingly complex properties of critical importance in
nanotechnology. Particularly, for the specialists in designing, manufacturing and using
the nanotubes, this will be of great practical importance. This E-infinity model is able to
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give a complete theoretical description of a complex dynamic process. Of course the
authors understand that no matter how rigorous, more experimental verifications are
needed to validate the model. We hope the present study will stimulate further
experimental studies for verifying our prediction that main characteristics depends upon
Hausdorff dimension of the hierarchy structure, and E-infinity theory might turn out to
have more important ramifications in nanotechnology than hitherto believed possible.
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