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Study of the Charged Fullerene Molecule with Single Spin Electrons
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Through this work, we were able to study the movement of the fullerene molecule
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charged with electrons with a definite spin. After analysing the obtained results, we
concluded that the fullerene molecules charged with electrons, whether with a lower
spin or with an upper spin, decrease their path length and their maximum velocity

as their charge increases. The fullerene molecules charged with lower spin electrons
have a longer path than the fullerene molecules charged with upper spin electrons.
We also found that the fullerene molecules charged with lower spin electrons are
faster than the fullerene molecules charged with upper spin electrons.

1-Introduction

Spintronics is a branch of modern physics that focuses
on studying the electrons in materials [1-4], which have
a property called electron spin, and how this property
can be exploited in the design and development of
electronic devices [5-6]. The properties of spin-electrons
are easily controllable, which opens up the possibility of
developing new electronic devices with higher
performance and greater efficiency. This field has wide-
ranging applications in computing, electronic storage [7-
8], communication, energy, and medicine [9-10].
Spintronics technology is ideal for developing advanced
electronic devices, enabling us to design data storage
devices with greater capacity and better performance
[11-13], faster and more efficient computing devices,
and advanced medical devices and sensors such as
thermal, chemical, and biological sensors [9,14].
Spintronics relies on quantum physics, electronics, and
magnetism, requiring a careful study of the properties of
materials and their interactions with spin-electrons. It
has promising fields for research and development in the
future, making it a vital and important science for the
future of technology and science [15-16], and there are
several research studies that have been conducted in this
field [17-22].

In this work, we will discuss the study of the movement
of the liberated fullerene molecules [23-25] by shining
laser beams on the original collected material, by
following their path through the electromagnetic field,
extracting and analysing the motion equations for one
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molecule, and then generalizing them using the digital
program in the Fortran language, in order to know the
behaviour of these secondary particles in these
conditions.

2-Experimental design

This design is based on studying the movement of
secondary molecules (fullerenes). in an electromagnetic
medium, where they are dismantled by a laser. Figure
(1) shows the experimental design for this study, as it
consists of a laser pumping source, which shines laser
beams on the fullerene (C60) and the laser is pumped by
a flash lamp with a frequency of 20 HZ. In this
experimental design, a Nd Yag laser with a wavelength
of (164nm) was used, as the latter operates with a matter,
i.e., braking system of pulses that carry energy in the
range of 10 to 100 mJ, and this energy is considered
sufficient to extract some particles of that each pulse
reaches the mold has a time ranging from 5 to 20
nanoseconds. When the laser is fired, energy is released
to breaking the carbon bonds, done. These secondary
balls are either with electrons, the carbon bonds are
released and gives the fullerene secondary molecules
energy to move towards the region it is (spin up), or spin
down electrons.

After passing through the injection area, spin up
particles are obtained. And another with spin down,
where after passing these particles move towards the
electromagnetic field, and there their movement is
studied by analyzing the equations of motion.
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Figure 1: Experimental design for chain dissociation of fullerenes

3-Model and statistical study

e Bonding energy between particles

As we mentioned earlier is composed of 60 carbon
atoms, and the energy of the carbon bond is in the range
of 3,6 electron volts (ev), which is equivalent to
5.9x1071¢ (mJ).

e The energy required to decompose fullerenes

Assuming that the fullerenes are linked to each other by
a carbon bond, this bond, as is known, is estimated at
3.6ev,(5.9x1071% (mJ).), and in order to dismantle a
chain with an Ny molecule of fullerene, it is necessary to
break an N carbon bond, according to the following

So, there are 10'?x2.06 bonds

Only the energy needed is 0.00122 mj where:

Nv. number of bonds

N: number of fullerene globules with Np=5.78x10%°
globules

Thus, 10mj breaks 1736 bonds.

e THE INITIAL VELOCITY AT WHICH THE
FULLERENE MOLECULE LEAVES THE
SURFACE:

After being bombarded with laser beams, the fullerene
particles gain kinetic energy, so they set off with an
initial velocity that you get when the carbon bond

relationship: between fullerenes.
Nb= NL3—1 (l)
And out of:

1 2

Emvo Ec—c

2E‘C—C

Vo = m

Where:

Ec ¢ : bonding energy

m: fullerene mass estimated: 119.65 102 g

By substituting to the extent that the initial velocity at
which the fullerene’s leave the surface is in the range of:
vy =986209.778 m/s

eTHE FORCES ACTING ON THE PELLETS
DURING THE TRANSITION
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To extract the equation of motion for the nanoparticle of
fullerene, we studied the forces affecting it withing the
electromagnetic field, as we proceeded from Newton’s
law. The second is the movement. We found that the ball

Fo = —6murd (2)
Where:

V: falling speed

v= 2r* gA(p) (3)

ou
r: the radius of the nanoparticle.

is affected by the force of gravity and the strength of the
electromagnetic field, in addition to the stokes force, and
it is symbolized by Fs :and its expression is as
follows[26-27]:

(p)4: The difference between the volumetric mass of the pellet and the air

p: Dynamic viscosity

¢ MOTION E QUATIONS

In order to extract the equations of motion, we divided
the study into two cases:

e The first case: we relied on studying the movement of
the fullerene nanoparticle in terms of change in charge.
Beginning of:

e The second case: we relied on the study of the bold
movement of fullerene in terms of the change in spin.
By projection, we obtained the equation of motion for
each of the two cases.

Y F=my (4)
qE + qV X B + mg = my (5)
Projecting on the axes of motion, we find:
B E B
{ qBv, =my, (6) qE — qBvy + mg =my,  (7) =Ty =Tty

Taking into account the initial velocity Vo
Integrating (6) we find:

qu =m(vy, — V)

Integrating (7) we find:

8)

qEt — B, + mgt = my, 9

We substitute the speed into its value in equation (9)
Where:

v
We
qEt — qB, + mgt = :i;yx (20)
qE — qBv, + mg = u—qBy, (11)

4-Results and discussion

From equation (10) and (11) we find a non-
homogeneous differential equation of the second degree,
based on a digital program and after the inclusion of the
solution to the differential equation with the fixation of

find:

both the values of the electric field and the magnetic
field at specific values, and taking into account the
previously calculated initial velocity, we get the results
shown in the following figures from figure 2 to figure
15.
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Figure 2: Curve or path of the fullerene molecule during time in term of the change in charge (spin down).

Through the curve, we notice that the maximum and That is, the greater the charge of fullerene, the lower the
minimum values for the distance are when the lowest value of its maximum speed.

value of the charge takes n=1
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Figure 3: A curve representing the velocity of a fullerene nanoparticle over time in time in terms of charge (spin down).

The speed takes its maximum value when the charge
takes its lowest value, n=1, and it takes its minimum
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value when the charge takes its largest value, n=5. That
is, the higher the charge of the fullerene, the lower its
velocity value.

=1
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Figure 4: A curve representing the trajectory of the fullerene molecule through time in terms of charge(spin up).

When we have spin up, we notice that the maximum We also notice that the higher the charge ,the lower the
values for the distance are when the charge takes the skeletal values of movement.
value n=2.
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Figure 5: A curve representing the change in the velocity of the fullerene molecule during time in terms of the change
in charge (spin up)
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In this case, the speed takes its maximum value when the largest value n =5. That is, the greater the charge, the
charge takes its lowest value, n=1, and on the other hand, lower the maximum velocity values.
it takes its minimum value when the charge takes its

spin down/n=1
spin up/=1

200000 —
250000 —
?DDDGO—_
= 150000 —_

100000 —

Time(s)

Figure 6 : A curve representing the trajectory of a fullerene molecule through time in terms of change in spin

spin down/n=2
] spin up/h=2

o s 100 150 200
Time(s)

Figure 7: A curve representing the trajectory of the fullerene molecule through time in terms of the change in spin
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Figure 8: A curve representing the trajectory of the fullerene molecule through time in terms of the change in spin
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Figure 9: A curve representing the trajectory of the fullerene molecule through time in terms of the change in spin
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Figure 10: Is a curve representing the trajectory of a fullerene molecule through time in terms of change in spin

Based on figures 6, 7, 8, 9, 10 and when comparing the
trajectory of the molecule in terms of the change in spin,
we notice that the distance takes its greatest values when
we have (spin down), and in return it takes its minimum

values when spin (up).
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On the other hand, we notice that the fullerene molecules
charged with electrons with a lower spin have a longer
path than the fullerene molecules charged with electrons
with an upper spin
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Time(s)

Figure 11: A curve representing the change in the velocity of the fullerene molecule through time in terms of the

change in spin
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Figurel2: A curve representing the change in the velocity of the fullerene molecule through time in terms of the change
in spin
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Figure 13: A curve representing the change in the velocity of the fullerene molecule through time in terms of the
change in spin
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Figure 14: A curve representing the change in the velocity of the fullerene molecule through time in terms of the
change in spin
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Figure 15: A curve representing the change in the velocity of the fullerene molecule through time in terms of the
change in spin
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Figures 11, 12,13,14,15 when comparing the change in
the speed of the fullerene molecule in terms of the
change in spin, we notice that is the speed taken from its
maximum values when we have (spin down), and in
return it takes its minimum values when (spin up). we
can also say that the fullerene molecules charged with
electrons with a lower spin are faster than the fullerene
molecules charged with electrons with an upper spin.

5-Conclusion

Through this work, we were able to study the movement

of the fullerene molecule charged with electrons with a

specific spin, where after analyzing the results obtained,

we have come to the conclusion that:

e Fullerene’s decrease their trajectory and their
maximum velocity decreases as their charge increases
and regardless of whether the spin is upper or lower.

e Fullerene molecules charged with electrons, whether
with a lower spin or with an upper spin, their path
length decrease as their charge increase.

e Electron_ charged fullerene molecules, whether with a
lower spin or with an upper spin, move their maximum
speed as their scarcity increases.

o Fullerene molecules charged with lower spin electrons
have a longer path than fullerene molecules charged
with upper spin electrons.

e Fullerene molecules charged with lower spin electrons
are faster than fullerene molecules charged with upper
spin electrons.

These important results will be used in future

applications of matter teleportation.
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