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Abstract 
The doping exercise has been known to affect the electronic properties of semiconductor materials. However, little 
is known about the mystery behind what is exactly responsible for this doping effect. In this paper, we report our 
theoretical findings about a form of gravitation within the lattice and how it can be said to be induced or even 
responsible for the doping effect. We have observed that the lattice is being grouped into bands of energies by this 
form of gravitation. We have identified two major types: a-core and a-core-less. It is this form of gravitation that is 
actually responsible for the selection (or rejection) of atoms into (or from) a band. Hence, we have found out that 
there seems to be a competition between the electronic effect and this form of gravitation whenever doping occurs.  
The dopant atom being an impurity atom will contribute to depopulating or populating the band it is located.  
Keywords: gravity, semiconductor, lattice, energy bands, a-core, a-core-less, simulation 
1. Introduction 
Theories and researches about doping and dopant atoms are many and varied, but according to WideGap 2001 
Conference, there is still a great interest in the wide band doping field. The WideGap2001 workshop, a large 
gathering of theoretical physicist, reveals that the difficulty in finding suitable shallow donors still remains. In the 
works of Bryan and Gamelin (2005), it is reported that a display of dopant population per nanocrystal is shown by 
an ensemble of doped nanocrystals. Futhermore, Walsh et al. (2013) provide a good table showing the 
concentration of electrons and holes with dopant atom. In this paper, we shall focus on our findings about the form 
of gravitation which we based on the attraction of less energetic particles to another that are more energetic. We do 
not discuss the popular quantum gravity theory. However, we shall not only discuss the action of the form of 
gravitation while the molecules are forming but also after they have formed. 
Doping is everywhere and acts everywhere in all materials either by premeditated intentions or by natural effects. 
The subsequent effect results in the new material transforming, each time it is doped, into another, completely or 
slightly different, new material. This is the origin of the great complexity that our universe is into now. 
It is now, therefore, a matter of necessity to investigate the behavior of the new material as a result of the presence 
of its latest addition. In an attempt to do this we provide an assumption for some two types of behaviors the lattice, 
hosting the latest addition might take: a-core and a-core-less. Our scope of application of this idea extends from the 
smallest molecules up to the very big galaxies. 
2. Methodology  
2.1 Energetic Atoms 
At any instance of time and at any point in space, an energetic particle is always a center of attraction for less 
energetic particles. This is the basic idea behind this paper. Since it has enough energy, it pulls other less energetic 
particles to itself (Giacomini & Neukirch, N.D.; Kolomietz, 2011). At the first instance of attraction, it shares 
(actually spends) its energy with (on) them to attract them.  
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Where cE is the energy of the center-most atom (we shall not consider a case where we have a group of atoms as 
the center-most particle) at the very first instance, and icE are the energies of each of the atoms being attracted. 
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Equation (1) ensures that almost all the energy of the center-most atom is spent in attracting the surrounding atoms 
(during interaction) and that only cE is left.  
It is worth noting that by equation (2) below, the least energetic atoms of the surrounding, attracted, atoms will 
receive the largest share of the cE . 
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Where †a and †b  are the operators for checking the charge and spin of two particles respectively. For application, 
we shall make use of something like ice

Λ− . 
With the above (2b), we can have this chart: 
 
Table 1. Spin-charge parameters for interacting particles 

 
 
2.2 Gravitation 
Subsequently, in return, the backward flow of energy from the attracted to the center-most is now the sum of the 
energies of the attracted and that of the center-most. The idea is best illustrated with the Table 2 below: 

 
Table 2. Overall gradual reduction in gravitation as molecules build up 

 
 

The Table 2 above illustrates how a band (of atoms) of energy is formed around an energetic center-most particle
cE . When the time t=0, in the table above, only the center-most atom is present. Its presence calls for a (or some) 
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much less energetic particle(s). The movement of those less energetic atoms towards cE makes cE throw off its 
energy onto them. As those, previously, less energetic particles become energetic, they also attract more of less 
energetic particles. Then the cycle goes on until the energy transferred to the center-most atom becomes too much 
to bear. We shall give details shortly.  
At time t=3, there are three rings of varying number of atoms (the fourth ring or column in Table 2 is populated 
because the 3rd ring had attracted atoms into the fourth ring at t=2): the center-most, immediate less energetic and 
next immediate less energetic atoms. However, out of these three rings, only the center-most is the (most) less 
energetic at t=3. Please note the word “most” which is to compare the levels of energies of the center-most and the 
next two rings. Note that at t=3, just two rings have energies close to zero and they are the center-most and the next 
immediate less energetic atoms. Out of these two rings of atoms, the center-most is more (potentially) energetic 
due to the fact that its previous potential of energy is higher than the next immediate less energetic atoms. 
An outer-most atom is attracted much the same way it is said of creation of particles (Coleman, 2011; Mandl, 
1992). An example is the creation of the fourth ring or column in Table 2 which is populated because the 3rd ring 
had attracted atoms into the fourth ring at t=2: 
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Thus the Figure 1 below shows the energy flow and population of an energy band: 
 

 
Figure 1. Illustration of energy flow and population of an energy band 

 
The following sets of equations (4) and (5) (Riley, Hobson, & Bence, 2002; Landau, Páez, & Bordeianu, 2007) 
will be used to describe the behavior or pattern of the population of the atoms as given in Table 2. 
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In order to provide a dynamic flow of transfer of energy as in figure 1 above, we have: 

 ( ) ( ) ( ) evenodd tt
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The act of populating the group (or band) of atoms this way in which energy keeps moving towards the center of 
attraction is what we have called “a form of gravitation”. 
In order to apply equations (4) and (5) to the gravitation of energy, we have: 
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The instantaneous energies of each of the participating rings of atoms in the dynamic flow of transfer of energy 
towards the center can be written as: 
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We can rewrite (7) as: 

 ( ) time
numberringnumberringgrav EtEtEf −− =⊗=,~  (7a) 

In equation (6), the single column time matrix is used together with the operator ⊗ to map both matrices on the 
left and right hands of the equation in a “ring-to-one” mode. This means, for instance, that the total energy at ring 

3, at t=5, is 4
4cE . Where 4

4cE  carries the labeling time
numberringE − . Hence, the number of active (non-zero) columns 

along the rows of numberringE −  is the same as the number of active columns in time
numberringE − . This provides a very 

easy way of checking the energies of each atom in the band and the characteristic energies of any band of atoms. 
2.3 a-core  
In this case, we shall label some groupings (bands) of atoms as being a-core(d). This simply means their 
center-most particle is just a single atom. Again, we shall not discuss a situation where their center-most region is 
a bundle of atoms, however, in short while, we shall discuss a situation where the center-most region is empty. 
Of course, as the number of the surrounding particles (i.e atoms) grows, the center-most atom becomes unable to 
accommodate them any further. This inability to further accommodate is obviously due to the growth of the 
“recalled” or “gravitating” energy (flowing towards the center and) acting on the center-most atom as the number 
of the attracted atoms grows. The effect of the recalled energy on the center-most is to keep exciting its electrons 
against the nucleus and get the electrons always getting closer to the nucleus. At the point where the electrons 
cannot go further to the nucleus, the number of attracted atoms stops and a band or molecule of atoms is formed. 
For the simplest of cases, we can impose a principle (to implement a restriction): that no net energy on a 
center-most atom should exceed its binding energy, 0cΘ  (Kolomietz, 2011). This way we present our principle by 
employing the imaginary part of an oscillation equation. This is because there is very high probability that there 
exists an oscillation of the number of particles before a final number is fixed. So we have: 
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Where φφ† is the incoming or outgoing photon at any instance, m is the mass of the particle, 

Λ−= eξ , 
( ) ( ) ⎟

⎟

⎠

⎞

⎜
⎜

⎝

⎛

−
−=

−122
coth1

4

ijij xxi
δδω , and ζ is the net external influences. 

The acη is the quantity which determines the probability that the current (total) energy of the center most atom is 
close to or less than its binding energy. Hence, acη  can only be 1 or 0.  
Rewriting equation (3) with the principle imposed, the number atoms that will be attracted are given as: 
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Where 0=Δij , if 1=acη  and 1=Δij , if 1<acη . 
†
,cacς is the (a-core type) operator for creating more particles into states 

c
0  along rings c . 

2.4 a-core-less 
As for the a-core-less group or band of atoms, the region is empty as said before. This means that there is limitless 
number of atoms to be attracted since, our principle is inapplicable due to lack of binding energy for the center. 
Therefore, equation (9) cannot be applied to an a-core-less band of atoms. The equation (10) would also be 
modified as given below for a-core-less: 
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†
,caclς  is the (a-core-less type) operator for creating more particles into states 

c
0  along rings c . 

Basically, 
†
,cacς  and †

,caclς are the same except for how they are applied. 
2.5 Gravitation at Close Energies 
“Gravitation at close energies” is a term to describe how afore mentioned form of gravitation continues to operate 
at slightly different energies. This type of energies is a feature of already formed molecule. We shall employ the 
shape of electric charge field around same and opposite charges to model the spin interactions of these charged 
particles. We are focusing on the spin interaction because it is now the most likely means of transporting energy at 
such low energies. 
Before we go on, we shall define some algebrae which are to be frequently used in our subsequent discussions: 
Starting with the Pauli spin matrices (Coleman, 2011; Mandl, 1992), we have: 
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We can transform each of the above into another using the following tricks: 
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This leads to non-commutative algebra which we shall soon mention along the line. Now, we obtain the 
commutativity of the following: 

 [ ] ( ) zyxxyxy ii σσσσσσσ 2, =−=  (18), 

Similarly, 
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We shall now, discuss a method of analyzing the interactions of these 2x2 Pauli matrices when they are built up 
into a 3x3 matrix. This method is actually a form of operation performed on these groups of Pauli matrices. The 
operation is as follows: 
Given a 3x3 matrix A , taken from a universal matrix (representing the lattice) ψ such that its elements are mapped 
1-1 into a Pauli matrix each as: 
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We focus on rectangular lattice and define an array of boxes where μ (the four sides) and ω) (each box) are as 
shown below. The μ  line will pass through the space between the matrix elements.   
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Figure 2. Rectangular (lattice) box for illustrating the movement of gravitating particles  
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The matrix A may also be broken into 4 parts as: 
For when 1,1 == ωμ )  
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For when 1,2 == ωμ )  
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For when 1,3 == ωμ )  
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For when 1,4 == ωμ )  
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Now, we further introduce yet another operator †S (which we shall call its products, Akande Matrices for the 
purpose of distinguishing them  from others) which performs our new operation on the elements of B which are 
elements undergoing a Pauli matrix spin. This operator produces spin interacting matrices. 
We introduce an example of the application of operator †S as: 
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ψ  (33) 

Where 1324 ,,, ljki σσσσ  are 4th, 2nd, 3rd and 1st elements of the Pauli matrices kji ,,  and l respectively. 

We shall not consider a negative orientation of the Pauli matrices. 
The basic ideas for listing the operator above are:  

(1) The atoms are interacting in negative directions against each other’s fields. An example is illustrated by 

the Figure 3 below. Note that the way it occurs for charge is slightly different for spin interactions. 
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Figure 3. Atoms are interacting in negative directions against each other’s fields 

 

(2) This results in a buildup of “common” field at the center of the interaction, 

(3) From the 3x3 matrix representation of spin, we have suggested this idea, 

(4) The spin of a particle is a truly intrinsic physical property and cannot be altered in any known way. 

(5) The spin represents the lowest possible energy state of any particle and it is the means by which 

particles interact as their energy differences approaches zero. 

It is important to note that we can have the operation of †S in 81 (basis matrices) unique ways.  
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For when 1,2 == ωμ )  
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For when 1,3 == ωμ )  
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For when 1,4 == ωμ )  
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3. Results 
Now, we seek the meaning of 

η
1 by first solving a few of the operation as follows: 
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We can see that the trace of the above will give 2, 
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We can see that the trace of the above will give 1+− i , 
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We can see that the trace of the above will give 1 , 
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We can see that the trace of the above will give i+1 , 
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We can see that the trace of the above will give 0, 
After performing the voluminous operations, we find out that there is a cycle in the appearance of the traces of the 
81 spin interaction matrices and it is given below in the symmetric matrix: 
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Symmetricity of ν is conjugal.  
We shall label η as κη which is the multiplication of the trace of the spin interaction matrix being worked upon 
and the type of charged interaction involved. We have: 
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Where the 
3

1  is because of the three cycles of similar traces. There are 27 in each cycle. 
We shall now find the determinants of each of these spin interaction matrices. These results will be added to the 
subsequent atoms in the values of μ and ω . We have: 
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Where the subscript Δ  is to emphasize that the actual value needed is the coefficient of D . 
In order to determine the next atom to be selected so as to add D  to, we have: 
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Where [ ]εψχ μλ ~~
3

1 †Atr=  

We shall now, implement the importance of the dopant atom into the system. The dopant atom is of different 
properties such as the atomic mass and number and density and so on. Therefore, we shall find the fraction of its 
density to that of the rest of the lattice, purem . The rest of the lattice refers to the most populated group of atoms in 
the lattice. So we have: 
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Eventually, the energy drifting to the center at any instance of time will be given as: 
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4. Conclusions 
We have shown how the gravitation affects the doping effect. The a-core types are typical of almost all known 
molecules as there is almost all probability that there will be an atom at the center of a molecule. However, a 
possible example of the a-core-less type should be a collapsed neutron star or black hole. This is because of its 
seemingly limitless tendency to keep attracting particles including light. 
We, therefore, propose that the development of gravitation in matter like our planet earth, is based on (1) the type 
of core: a-core or a-core-less and (2) what atom (or groups of atoms are or) is at the center of the core. For instance, 
we make bold to say that, the most likely reason for the abundance of carbon and silicates on the outer-most parts 
of our planet earth may be because the core of the earth is much higher in concentration of much relatively heavier 
atoms such as iron and nickel. Therefore, it is likely true that if the abundance of a type of atom is located on the 
surface of a planet, then the core of such planet may be made up of much heavier atoms. The presence of iron and 
nickel at the core of the earth makes rare earth minerals very rare on our planet earth. These results and many more 
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that could be derived from the formulae above are, basically, as a result of the idea that there is a form of 
gravitation only induced during doping processes. The form of gravitation tends to remain at rest, not active, until 
the dynamic nature of our universe activates it by doping a material with another. 
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