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Abstract 
 
In this paper, a simulation was performed to find the energy values of the 

electromagnetic spectrum of its various layers. Also, samples were taken of 

chemical compounds (one of them is an organic CO and the other inorganic 

HCL), and energy was found in the chemical bonds between its elements. 
This was done only using mathematical equations that control this process 

without the need to use more complicated and more expensive methods. 

mathematical equations which used are adopted as subjective values of wave 
functions in the modeling of harmonic oscillator systems. The simulation was 

conducted on the molecules of hydrogen chloride and carbon dioxide (as 

examples) in the design of the algorithm and several different molecular 
patterns depending on the isotopes in the structure of these molecules. The 

Comparing among different vibration energy results obtained by using. From 

the result, we can see clearly that the energy values increase when the atomic 

weight of the element increase. The method can be applied to any other 
chemical compound. In addition, the other algorithm is designed to find the 

energy levels between the electromagnetic spectrum frequency bands.  
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The results were plotted and showed a slight variation between the energy 

levels of those frequencies. 

 
Key words: algorithms, chemical bonding, electromagnetic spectrum, 

vibrational energy, inharmonic oscillator. 

 

1 Introduction 
 

The importance of the study in this research comes in the use of software 
simulation to find data of energy between the electromagnetic spectrum 

layers and draw them [1, 2]. The importance of building software simulation 

systems in many scientific fields, finding solutions and data required for 

many issues, building a lot of systems, and finding alternatives to Physical 
medium to find accurate products and solutions that are subsequently applied 

to those systems [3, 4].The study also touched on building an algorithm to 

find vibrational energy between the atoms of different compounds that have 
different isotopes[5-7]. The algorithm has been applied to two chemical 

compounds (organic (CO) and inorganic (HCL)), as examples not 

exclusively on them. Hence, the importance of applying the algorithm to 

know the vibrational energy of any chemical compound according to the 
laws and equations related to this matter[8-11]. 

The aim of this research is divided into two parts, first is to design a 

programmed algorithm to find energy levels between the frequency beams of 
the electromagnetic spectrum instead of the traditional methods which 

obtained data of the designed algorithm are drawn as results using special 

mathematical equations[12-15]. 
The second part is represented to construct another programmed 

algorithm to calculate the vibrational energy values of the chemical bond in 

chemical compounds, which have different molecular weights according to 

the isotopes involved in their composition. Mathematical equations that are 
used as self-accompanying values for wave functions have been used to 

model harmonic oscillator systems. 

 

1.1 The Curve of Molecular Vibration Energy 
 

The shrinkage and expansion of the chemical bonds can be somewhat 
similar to the behavior of the spiral spring to which Hooke's law applies.  

Therefore, the relation gives the reactionary power of the bond is given as 

below [16, 17]:  

 
Where: 

r is a new length of the bond. 

re is the length of a bond at equilibrium. 
(r-re) is displacement. 
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The oscillator frequency of the system is given by: 

 
Where: 
k is constant of force. 

 is reduced mass. 
So, the diatomic molecule model is called a simple harmonic oscillator. 

Where simple harmonic oscillator is considered as an approximating model. 

Thus, the relationship between the vibration potential energy and the 
interconnection distance can be plotted according to the traditional energy 

equation: 

 
Figure (1) shows the energy curve as a hyperbola and the zero point of 

this curve is r=re. Increasing of energy to 1 or 2 cause increase vibration, 
i.e. increased elasticity or the degree of contraction and stretching. However, 

this increase in displacement does not change because the length of the 

bonds, such as the spiral wire, has a rubber property and has a frequency 
dependent on the mass of the system and a constant force, but it does not 

depend on the amount of distortion in the bond. 

 
 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

Figure 1 curve of oscillation potential when the bonds shrink or expand to the 

harmonic oscillation [18] 

 

The averages of eigenvalues associated with complete triangular 
functions in the Schrödinger equation for the simple harmonic oscillating 

system to determine the values of the oscillating energy levels represent by 

following equation [19, 20]: 
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Where: 

Ev is oscillating energy in joules. 

v is quantum oscillating number, it takes integer values, v=0,1,2,3,…… 
h is blank constant, h=6.625*10

-34
. 

 is frequencies in hertz (Hz) or (S
-1
 ). 

In cm
-1

 the relationship is given in terms of the wave number, as follow:  

 
Where: 

is oscillating energy in cm
-1

 units. 

 is wave number in cm
-1

 units,  . 

c is light speed. 

Figure (2) illustrates the oscillating energy levels of the diatomic 

molecule has a simple harmonic motion . 

     
Figure 2 oscillating energy levels of the diatomic molecule [5] 

 

For obtaining the lowest oscillating energy, substitute [v = zero] in 

equations (4) and (5), as follows: 

h
2

1
Ev

                           (6) 

2

1
v

                           (7) 
This called (Zero Point Energy)  

19/2  
 

17/2  
 

15/2  

13/2  

11/2  

9/2  

7/2  

5/2  

3/2  

1/2  

Energy (cm-

1) 

                                 Internuclear distance 



                                                                                                                  
 

 

 
 

 
Simulation Study to Calculate the Vibration Energy of Two Molecules of Hydrogen 

Chloride and Carbon Oxide 5993 

 
The diagnosis of this energy is the fundamental difference between the 

treatment of quantum mechanics and classical mechanics of molecular 

vibration. 
The real molecules are not strictly subject to the laws of simple harmonic 

motion, and the real bonds are not homogeneous to the law of Hawk since 

the elasticity of the bonding remains in the case of large contractions and 

expansions and this leads to the disintegration of the molecules to the 
constituent atoms, so the molecule must be considered an (Inharmonic 

Oscillator) [21] 

Therefore, analytical functions are imposed as close results of the 
experimental curve of molecular vibration. The closest is the [Morse Curve] 

function given by the following relationship [22, 23]: 
2

eee ))]rr(exp(1[DV
                          (8) 

Where:  

e   is inharmonic constant (small and positive number). 

(r-re) is the displacement from the center of equilibrium of the bond. 
V is the potential energy of the bond. 

De is the spectral disintegration energy, which represents the difference 

in molecular energy between the hypothetical equilibrium state and the atoms 

separated from each other. 
De differs from Do (thermodynamic disintegration energy), which 

represents the difference in energy between the molecule at the zero 

vibrational levels and the energy of the separated atoms, as in Fig. 3. Their 
relationship is given: 

h
2

1
DD eo

                (9) 

 

 
Figure 3 Vibration energy levels, and allowable transitions of the inharmonic 

oscillator [24] 
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        The energy equation of inharmonic oscillator can be written using the 

Schrödinger equation and Morse potential equation to obtain the vibrational 

energy levels as a function of the quantitative vibrational number (v) [12, 
25]: 

3
e

3
e

2
v )

2

1
v()

2

1
v()

2

1
v(

           (10) 

Where: 

 is vibration frequency. 

       The cubic term in equation (10) represents the inharmonic part and is the 
main effect of the disturbance in energy levels.   

       The physical significance of the inharmonic constant ( e) is in the 
calculation of metadata frequencies, which is approximately times the basic 

frequencies .   

The harmonic potential is chosen according to the rule: 

v= 0, 1, 2, ……. 

       As the value of ( e) increases with the number of vibrational quantities 

(v), therefore, the intensity of absorption of infrared radiation and with the 
intensity of the transition quickly as it rises in the vibrational levels (i.e., the 

greater the number of vibratory quantities) [4, 6, 12, 26, 27]. 

The atomic weight of compound's equation is given as [8]:  
M=((mass1*mass2)/(mass1+mass2))*1.67*10

-27
          (11) 

Where: 

M is the atomic weight. 

mass1, mass2 are the atomic weights. 
1.67*10

-27
 is constant. 

The aim of this research is divided into two parts, first is to design a 

programmed algorithm to find energy levels between the frequency beams of 
the electromagnetic spectrum instead of the traditional methods. Obtained 

data of the designed algorithm are drawn as results using special 

mathematical equations. 
The second part is represented to construct another programed algorithm 

to calculate the vibrational energy values of the chemical bond in chemical 

compounds, which have different molecular weights according to the 

isotopes involved in their composition. Mathematical equations that are used 
as self-accompanying values for wave functions have been used to model 

harmonic oscillator systems. 

The method used in this research to simulate the vibration energy of the 
chemical bonds of the two selected compounds is new in terms of review and 

application. 
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2 Method of Work (Research Algorithms) 
        

This part of the research paper describes the practical aspect, In order to 
make code simulation the algorithm methods are constructed using pseudo 

code, are explained here Algorithm of energy levels between the frequency 

bands of the electromagnetic spectrum of an H2 atom. 
 

2.1 Algorithm 1. Energy levels between the Frequency Bands of 
the H2 Atom's Magnetic Spectrum 
 

1. h=6.63*10
34

, k=1, Initialization, blank constant.  

2. For v=0:6, v=no. of energy levels 

3. For j=M: N, angular frequencies begin from M to N. 
4. ev=(v+(1/2))*h*j, equation (4), vibration energy of chemical 

bond.  

5. Ev(k,:)=[v ev], collection 
6. k=k+1, 

7. end; end 

8. save('file','Ev'), save results 

9. plot results 
 

2.2 Algorithm 2. Oscillatory Energy Curve of Components of 
Hydrochloric Acid (HCL) and Carbon Oxide (CO) Components Of 
Various Isotopes 
 

1. h=[1 2 3];cl=[35 36 37];c=3*10^10, Initialization for the first 
compound (HCl), c is light speed. 

2. For i=1:3 

3. For j=1:3 

4. M=((h(i)*cl(j))/(h(i)+cl(j)))*1.67*10^(-27), atomic weight 
equation(11). 

5. MM(j,i)=M; 

6. end, end 
7. k=1; 

8. For i=1:3 

9. For j=1:3 
10. V(j,i)=sqrt(MM(k+1,1)/MM(k,1)), equation(2), oscillator 

frequency 

11. V(j,i)=sqrt(MM(k+2,1)/MM(k,1)), equation(2),oscillator 

frequency 
12. V(j,i)=sqrt(MM(k+2,1)/MM(k+1,1)), equation(2),oscillator 

frequency 

13. k=1; 
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14. end, end 

15. For m=1:3 

16. For n=1:3 
17. E(m,n)=(2,3,-2)*V(m,n)/c, equation of oscillator energy, 

equation(10) 

18. end,end 
19. plot results 

 

3 Results  
 

The results are described as tables and charts that obtained using 

software simulation. as follows: 
 

3.1 The First Algorithm (Algorithm 1) 
        

Tables ( from 1 to 7) and figures (from 4 to 10) are represented the 

output of the first part of this research paper. Tables contain the data related 

with the spesific spectrum layer. And figures show these data as plots, as 

below:  
Table 1 Algorithm data of radio waves 

 

 

 
 

 

 

 
 

Energy level 
Energy changes 

for radio waves 
Energy level 

Energy changes 

for radio waves 
Energy level 

Energy changes 

for radio waves 

0 3.32E-27 2 6.80E-25 4 2.42E-24 

0 6.96E-26 2 1.01E-24 5 3.65E-26 

0 1.36E-25 2 1.34E-24 5 7.66E-25 

0 2.02E-25 3 2.32E-26 5 1.50E-24 

0 2.69E-25 3 4.87E-25 5 2.22E-24 

1 9.95E-27 3 9.51E-25 5 2.95E-24 

1 2.09E-25 3 1.42E-24 6 4.31E-26 

1 4.08E-25 3 1.88E-24 6 9.05E-25 

1 6.07E-25 4 2.98E-26 6 1.77E-24 

1 8.06E-25 4 6.27E-25 6 2.63E-24 

2 1.66E-26 4 1.22E-24 6 3.49E-24 

2 3.48E-25 4 1.82E-24   
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Figure 4: Energy levels with energy changes of radio waves region 

 

Table 2 Algorithm data of micro waves 

 
 

 

                           

Energy 

level 

Energy changes for 

microwaves 

Energy 

level 

Energy changes 

for microwaves 

Energy 

level 

Energy 

changes for 

microwaves 

0 3.32E-25 2 6.80E-23 4 2.42E-22 

0 6.96E-24 2 1.01E-22 5 3.65E-24 

0 1.36E-23 2 1.34E-22 5 7.66E-23 

0 2.02E-23 3 2.32E-24 5 1.50E-22 

0 2.69E-23 3 4.87E-23 5 2.22E-22 

1 9.95E-25 3 9.51E-23 5 2.95E-22 

1 2.09E-23 3 1.42E-22 6 4.31E-24 

1 4.08E-23 3 1.88E-22 6 9.05E-23 

1 6.07E-23 4 2.98E-24 6 1.77E-22 

1 8.06E-23 4 6.27E-23 6 2.63E-22 

2 1.66E-24 4 1.22E-22 6 3.49E-22 

2 3.48E-23 4 1.82E-22   
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Figure 5 Energy levels with energy changes of microwaves region 

 
Table 3 Algorithm data of infrared waves 

 

 

Energy 

level 

Energy changes 

for infrared 

Energy 

level 

Energy changes 

for infrared  

Energy 

level 

Energy 

changes  

infrared 

0 3.32E-23 2 6.80E-21 4 2.42E-20 

0 6.96E-22 2 1.01E-20 5 3.65E-22 

0 1.36E-21 2 1.34E-20 5 7.66E-21 

0 2.02E-21 3 2.32E-22 5 1.50E-20 

0 2.69E-21 3 4.87E-21 5 2.22E-20 

1 9.95E-23 3 9.51E-21 5 2.95E-20 

1 2.09E-21 3 1.42E-20 6 4.31E-22 

1 4.08E-21 3 1.88E-20 6 9.05E-21 

1 6.07E-21 4 2.98E-22 6 1.77E-20 

1 8.06E-21 4 6.27E-21 6 2.63E-20 

2 1.66E-22 4 1.22E-20 6 3.49E-20 

2 3.48E-21 4 1.82E-20   
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Figure 6 Energy levels with energy changes of infrared waves region 

 

Table 4 Algorithm data of visible waves 

 
 

 

Energy level 
Energy changes 

for visible  

Energy 

level 

Energy changes 

for visible  

Energy 

level 

Energy changes 

for visible  

0 3.32E-21 2 6.80E-19 4 2.42E-18 

0 6.96E-20 2 1.01E-18 5 3.65E-20 

0 1.36E-19 2 1.34E-18 5 7.66E-19 

0 2.02E-19 3 2.32E-20 5 1.50E-18 

0 2.69E-19 3 4.87E-19 5 2.22E-18 

1 9.95E-21 3 9.51E-19 5 2.95E-18 

1 2.09E-19 3 1.42E-18 6 4.31E-20 

1 4.08E-19 3 1.88E-18 6 9.05E-19 

1 6.07E-19 4 2.98E-20 6 1.77E-18 

1 8.06E-19 4 6.27E-19 6 2.63E-18 

2 1.66E-20 4 1.22E-18 6 3.49E-18 

2 3.48E-19 4 1.82E-18   
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Figure 7 Energy levels with energy changes of visible waves regio 

 

Table 5 Algorithm data of UV waves 

 

 

 
 

Energy level 
Energy changes 

for UV  

Energy 

level 

Energy changes 

for UV 

Energy 

level 

Energy changes 

for UV  

0 3.32E-19 2 6.80E-17 4 2.42E-16 

0 6.96E-18 2 1.01E-16 5 3.65E-18 

0 1.36E-17 2 1.34E-16 5 7.66E-17 

0 2.02E-17 3 2.32E-18 5 1.50E-16 

0 2.69E-17 3 4.87E-17 5 2.22E-16 

1 9.95E-19 3 9.51E-17 5 2.95E-16 

1 2.09E-17 3 1.42E-16 6 4.31E-18 

1 4.08E-17 3 1.88E-16 6 9.05E-17 

1 6.07E-17 4 2.98E-18 6 1.77E-16 

1 8.06E-17 4 6.27E-17 6 2.63E-16 

2 1.66E-18 4 1.22E-16 6 3.49E-16 

2 3.48E-17 4 1.82E-16   
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Figure 8 Energy levels with energy changes of UV waves region 

 

Table 6 Algorithm data of X Ray 

 
 

 

 

Energy level 
Energy changes 

for X ray 

Energy 

level 

Energy changes 

for X ray 

Energy 

level 

Energy changes 

for X ray 

0 3.32E-17 2 6.80E-15 4 2.42E-14 

0 6.96E-16 2 1.01E-14 5 3.65E-16 

0 1.36E-15 2 1.34E-14 5 7.66E-15 

0 2.02E-15 3 2.32E-16 5 1.50E-14 

0 2.69E-15 3 4.87E-15 5 2.22E-14 

1 9.95E-17 3 9.51E-15 5 2.95E-14 

1 2.09E-15 3 1.42E-14 6 4.31E-16 

1 4.08E-15 3 1.88E-14 6 9.05E-15 

1 6.07E-15 4 2.98E-16 6 1.77E-14 

1 8.06E-15 4 6.27E-15 6 2.63E-14 

2 1.66E-16 4 1.22E-14 6 3.49E-14 

2 3.48E-15 4 1.82E-14   
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Figure 9 Energy levels with energy changes of X ray  region 

 
Table 7 Algorithm data of Gamma Ray 

 

 

 

 

 

Energy level 
Energy changes 

for Gamma ray 

Energy 

level 

Energy changes 

for Gamma ray 

Energy 

level 

Energy changes 

for Gamma ray 

0 3.32E-15 2 6.80E-13 4 2.42E-12 

0 6.96E-14 2 1.01E-12 5 3.65E-14 

0 1.36E-13 2 1.34E-12 5 7.66E-13 

0 2.02E-13 3 2.32E-14 5 1.50E-12 

0 2.69E-13 3 4.87E-13 5 2.22E-12 

1 9.95E-15 3 9.51E-13 5 2.95E-12 

1 2.09E-13 3 1.42E-12 6 4.31E-14 

1 4.08E-13 3 1.88E-12 6 9.05E-13 

1 6.07E-13 4 2.98E-14 6 1.77E-12 

1 8.06E-13 4 6.27E-13 6 2.63E-12 

2 1.66E-14 4 1.22E-12 6 3.49E-12 

2 3.48E-13 4 1.82E-12   
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Figure 10 Energy levels with energy changes of Gamma waves  region 

 

3.2 The Second Algorithm (Algorithm 2) 
 
3.2.1  The Results of the Algorithm of HCL Compound with All 
Isotopes of Both Elements 
        

The  output of the second part of this research treated with two samples 

of chemical compounds. First of them is hydrogen chloride (HCl). Figures 
(11, 12, 13) depict these results as below: 

  

 
Figure 11 oscillating energy curve between the oscillating frequency and the 

reducing mass of the elements , harmonic potential= +1 
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Figure 12 oscillating energy curve between the oscillating frequency and the 

reducing mass of the elements , harmonic potential= +2 

 

 
Figure 13 oscillating energy curve between the oscillating frequency and the 

reducing mass of the elements , harmonic potential= -2 
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3.2.2  The Algorithm of (CO) Compound with all Isotopes of both 
Elements  
       Second compound is carbon oxide (CO). Figures (14, 15, 16) clarify 
results of this section as below: 

 
Figure 14 oscillating energy curve between the oscillating frequency and the 

reducing mass of the elements  , harmonic potential(+1) 

 

 
Figure 15 oscillating energy curve between the oscillating frequency and the 

reducing mass of the elements  , harmonic potential= +2 
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Figure 16 oscillating energy curve between the oscillating frequency and the 

reducing mass of the elements  , harmonic potential= -2 

             

4 Discussion 
 

It is noted from the results included in the tables (Table 1 to Table 7) and 
figures (Figure 4 to Figure 10), the energy level is increasing in the spectral 

region all the time. 

Figures (11, 12,13) show the oscillating energy curve using the three 

isotopes of chloride element  in the three isotopes of 

hydrogen , the harmonic potential were (+1, +2, -2) respectively  of 
equation (10). 

Figures (14,15,16) observe the oscillating energy curve when the three 

isotopes of oxygen element  were used with the three isotopes of 

carbon , where the harmonic potential were (+1, +2, -2) 

respectively of equation (10). 

 

5 Conclusions 
 

Some observations were deduced from the results obtained by 
simulation. The energy values between the layers of the electromagnetic 

spectrum are proportional and consistent with each other, although there is a 

slight height between the layers of the spectrum. Increasing vibrational 

energy between levels of the single spectral layer.  
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Moreover, the rise in energy levels includes spectral regions where 

energy values rise as the spectral regions towards to Gamma rays. This 

means the vibrational energy of a specific spectral region is proportional with 
the spectral frequency of specific region. 

The figures drawn according to data obtained programmatically from 

(Figure 11 to Figure 16) show Increasing the oscillating energy of the bond 

when ever  the atomic weight of the elements of the chemical compounds are 
increasing. i.e, there is a direct proportion between the oscillating energy of 

the bonds between the elements in the compounds and the atomic number of 

those elements. Getting accurate results simultaneously is more efficient and 
less costly.  
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