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Abstract: Maxwell's electric equation and Schrédinger quantum equation are used to find useful
expressions for the probability of electrons existence and the electrons transport. The first expression
which uses special relatively also shows that the probability of the electrons existence is higher for
lower energy states compared to higher energy states where the probability is low. This means that
electrons transport takes place from higher energy states to lower states. This conforms to the laws
of chemistry where the atom tends to be stable by forcing electrons to occupy lower energy states.
The second expression used the momentum velocity relation instead of special relatively. This ex-
pression shows also electrons transport from higher to lower states. It also shows that the probabil-
ity of the electrons existence is higher for lower electrons density regions and lower for higher elec-
trons density regions. This means that the electrons transport is from higher density regions to lower
density regions. This conforms to the diffusion law.

Keywords: Maxwell's electric equation; Schrédinger equation; probability; transport; electron; en-
ergy states; diffusion; stable atom

1. Introduction:

Human needs for energy is one of the oldest known problems. Energy it is used for
lighting, heating, cooking, and operating electric and electronic devices. It is also used for
operating machines like factories, cars, trains and airplanes. The world energy demand is
continuously increasing and the world power consumption, which is 13 terawatts (TW)
currently, is expected to reach about 23 TW in 2050 [13]. The most popular energy sources
are petroleum fuel and electric energy generated by the water falls [1,2].Despite the wide
spread of using these sources, petroleum fuels were found to cause environmental pol-
lution that is responsible for many severe diseases that are very dangerous for humans
[1]. The electric energy generated by river waterfalls are not available everywhere. To
solve the energy problem one needs pollution free energy source which is available eve-
rywhere. The most available energy source that satisfy the two requirements is the solar
radiation energy [3].The most suitable energy from is the electric energy since it can be
easily converted to other useful energy forms. Thus, one needs energy transducer that is
capable of converting solar energy to electricity. Solar cells can convert solar energy into
electric energy [4,5]. There are many types of cells  fabricated from crystalline silicon,
multi-crystalline, mono-crystalline, amorphous silicon [4, 5].The silicon solar cells till
now are the most commercially available cells [6].They have long life and stability time
which may extend some times to about 20 years. Despite these remarkable successes, solar
cells suffer from many setbacks . Unfortunately, silicon solar cells have low efficiency, and
high cost in addition to their complex fabrication processes [7]. This forces scientists to
search for new alternatives to fabricate more efficient, low cost solar cells that can be easily
fabricated. One of the most recently promising cells are the Nano solar cells [ 8, 9]. Nano
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solar cells can be fabricated from different Nano materials. Nano materials are the mate-
rials in the form of a large number of isolated particles having sizes in the range of 1up to
300 nm (1nm =1 Nano meter =1/1000000000 m). These small particles cannot be described
by classical laws but they obey quantum laws. Thus, their electrical and optical properties
can be changed to satisfy the required needs by adjusting their particle size, geometry,
orientation and structure  [9]. Many types of Nano solar cells are now under develop-
ment. These include polymers, while others can be fabricated using dyes, zinc or copper
oxides [10,11,12].

The petroleum energy, which is now widely, used causes severe environmental pol-
lution, which affects severely human health.

Owing to growing energy demand, exhaustion of oil resources, and global warming
issues, there is a need for clean and renewable energy technologies. The other main energy
sources like the electric energy generated by rivers are not available everywhere. The e
silicon solar cells, which are commercially available, are expensive and have low effi-
ciency, beside its complex fabrication processes. There are no well-known physical mod-
els that explain the behavior of Nano solar cells.

The aim of this work is to fabricate Nano solar cells using polymers and chemical
beside natural dyes and explain their behavior using quantum Nano models.

Quantum Theoretical Explanation of the Electron Transport Trough Diffusion and
From HoMo to LUMO.

Consider an electromagnetic wave having electric field E moving in a medium hav-
ing magnetic permeabilityyu, electric permittivitye, and conductivityo. The electric equa-
tion is given by:

9E 3

—V2E — g —— —po—=20 1
Heaez ~Ho%¢ @
This equation can be solved by using the conventional solution

E = Eoei(kx—wt)

0E/dt = —iwE,  0%E/0t* = +w’E VZE = —k*Y )
A direct insertion of (2) in
k? + iwpo — pew? =0 3)

The interaction of the wave with the medium by exchanging energy and momentum
can be represented by expressing k and ¢ in

k=ky+ik, 4)
o=o0,t+i0, (5)
A direct substitution of (4) and (5) in (3) gives
(ki + iky)? —iwp(oy + ioy) —usw? =0 (6)
Therefore
k? — k2 + 2k kyi — iwpo; + iwpo, — pew? =0 (7)
Equation (7) can simplified by beating mind that
usw? = © k2= (Z—H)z (8)
v2 1 2
2k ki — k3 — wpoyi + wuo, =0 9)
Equating the real and imaginary part
k3 = wuo, (10)
2k.k, = wuoy (11)
Dividing (10) by (11) gives
=2 (12)
k, =2 Z—jkl (13)
For very small rest mass, the energy — momentum relativistic relation become,
E=Pc (14)

Using De Broglie hypothesis
P =k, == (15)
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_ 20, _ 202FE
k, : h—UlP kv (16)
VY =EY 17)
For a particle moving in a uniform crystal field, the potential V is given by:
V="V (18)

hZ
—%Vzlp =(E-Vo )Y =E Y (19)
Where
Ey=E -V, (20)
This equation can be solved by suggesting

lp — Aeikx
V2 = —k2 (21)
Thus substituting (21) in (19) gives
h%k?

. % = Eo
P E, (22)

When absorption takes place according to optical theorem, the potential can describe

VO = V1 + le (23)
In this case, equation (20) becomes
EO = E - Vl - in (24)

According to equation (4), (22) and (24)
2m
(k1 + ikz)z = k2 = F(E - Vl + lVZ)

. 2 2i
ki — k3 + 2ikik, = 23 (B = V) =3V, (25)
Equating real and imaginary parts
2
Ik — ki =25 (E = V) (26)
2m
kik, = — Tz V
_ _ kikp

v, = — ik 27)
According to equation (11), equation (27) gives
V= -2 (28)

In view of equations (4), (15), (16) and (21) the wave function becomes
w — Aeikx — Ae—kzxeiklx
—20p,
P = Aehcor glhax (29)
Thus, the probability to occupy energy E is given by

X

“A92p
Py = [|* = A?elen (30)
For higher energy states (E — o)
Py =1I* -0 G
However, for lower energy states (E — 0)the probability is maximum, where
Py = 19]? - 4] (32)

Thus, the electrons tend to occupy the lowest energy state where the probability is
maximum. In other words, it tends to move from the higher occupied molecular states
(HOMO) where the energy is higher and the probability of existence is lower to the lower
unoccupied molecular state (LUMO) where the energy is low.

One can also use equation (11) to find another expression for 1, where

wio 2nfuoiA o o
ke, = L8O = ZURAA R o) o MO, (33)
2kq am 2 2

A summing that the velocity v of the wave is the same as that of the electron, one gets
its momentum in the form

P=mv (34)
Using relation

P E
v=o=— (35)

m mc
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Thus equation (33) gives
Ky = LE (36)

2mc

Thus according to equation (29)
l/) — Ae‘kzxeikl"

Polpy ikgx
P = Aezmc " "el1 (37)
Thus, the transition probability is given by
—ud
Py = [YI? = A eme (38)

In view of equations (30), (31) and (32) the electrons tend to move from higher levels
HOMO to lower energy levels LUMO, let us now see what happen to occupied and non-
occupied orbits. To do this one have to bear in mind that the orbital electrons contribute
also to conductivity through the polarization term, where the application of an electric
field causes atoms to be polarized. The electric dipole moment F,is given by

P, =enx = yE (39)
Thus, the current generated due to the vibrating bounded atoms is given by
dap,
]=d—te=nev=aE=—iw)(E
= —iw( + iX)E = (miwy;, + wx)E (40)
Hence
01 = WX> 01 = —Wx1 (41)

According to equations (40) and (41) the real conductivity o; is proportional to the
electrons density n. for non-occupied levels

n-0 Pz —» max (42)
While for occupied level
n - oo Py -0 (43)

Since electrons tend to occupy levels with higher probability, thus they tend to move
from highly populated levels having low probability to low populated levels having high
probability to low populated levels having high probability. This can explain the hole
transport as in Hubbard model where electrons moves from occupied bound energy states
to unoccupied bound energy states.

2. Discussion:

Maxwell's electric equation (1-3) were used to relate the wave number K to the con-
ductivity. The wave number and the conductivity are assumed to be complex as shown
in equations (4)and (5).The imaginary part of K which is related to the absorption coeffi-
cient is expressed in terms of the real part in equation (13).Using special relativistic and
quantum expressions for the momentum in equations (14)and (15) the imaginary part is
expressed in term of the energy E in equation (16).This complex form of the wave number
K is used in the solution of the Schrodinger quantum equation (21) for constant bulk
matter internal field. This makes the probability exponentially energy dependent as
shown by equation (30).According to the probability expression the electrons have higher
probability to occupy lower states than higher ones as equations (31)and (32) indicates.
This means that electrons transport takes place from higher states. This conforms with the
fact that the atom prefer to be stable by forcing electrons to return to their ground states.
The probability was found also by using the momentum velocity relation in equation
(34).This makes the probability depending on the energy E and the density of electrons
through the conductivity term as shown in equation (38).The probability expression indi-
cates that the electrons transfer takes place from the higher level to the lower level as be-
fore. It also shows that electrons transport is from higher density regions where the prob-
ability is low to the lower density regions where the probability is higher as shown in
equations (42)and (43).This result conforms with the diffusion law, where particles move
from higher density to lower density regions.

3. Conclusion:
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Using Maxwell's electric equation and assuming the wave number and the conduc-
tivity to be complex , then using special relatively a useful expression of the quantum
probability was found using Schrodinger equation. This expression indicates that the elec-
trons transport takes place from high to low energy states. This conforms with the laws of
chemistry, where the atom tends to be stable by forcing electrons to occupy lower energy
levels. Another useful expression for the probability was also obtained by using the mo-
mentum velocity relation. This expression shows that the electrons transport takes place
from higher levels to lower ones. It also shows that the electrons transport is from higher
density regions to lower density regions.
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