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Abstract:  

The calculation of the mass stopping power of two organic compounds (Methanol and 

Methanal) for boron and carbon ions performed in the energy range (10-2-103 MeV) 

using relativistic Bethe equation, which has been programmed using MATLAB2021. And 

the curve fitting was used, and the calculated results were compared with the empirical 

data of the SRIM-2013 program for the same projectiles in the same organic 

compounds. The theoretical results calculated showed good agreement with the 

empirical data in the high energies region. 

 

INTRODUCTION 

Niels Bohr published a seminar paper on the theory of charged particle penetration in 

the matter, which was purely based on classical physics. It is instructive to look at Bohr's 

earlier work because it represents the first attempt at a unified theory of stopping.[1].He 

assessed the classical stopping of an electron bound in a harmonic potential by a fast 

heavy charged particle. [2]. Think about a charged particle entering a kinetically active 

medium. The "Range" is then the average value of the distances a particle travels before 

coming to rest. Due to multiple coulomb scattering, a proton's range in an absorbing 

medium will be somewhat smaller than the path length calculated from the initial angle 

of incidence into the material. [3]. As is well known, charged particles passing through a 

material medium experience some kinetic energy loss whenever they collide with a 

target material. The process of charged particles moving through a medium with 

constant kinetic energy until their kinetic energy is zero, at which point they lose all of 

their energy and come to rest. The total range for charged particles passing in the 
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material medium can therefore be defined as the distance the particle travels before it 

reaches the rest, depending on the matter target, the type of incident particle, as well as 

its energy. [4]. Many authors, including Livingston and Bethe, Sternheiner, Bichsel, etc., 

have found range-energy relations for protons. Sternheimer made an estimate. [5] for 

proton energies between 2 MeV and 100 GeV, to determine range energy relations for 

some of the commonly used materials, including aluminum, copper, carbon, beryllium, 

and lead. For the same substances, Bichsel has also discovered a range energy relation 

between 1 MeV and 100 MeV [6]. 

 

STOPPING POWER FORMALISM 

An accelerating beam traversing the target would be energy inefficient. This energy loss 

is attributed to the dispersion of electrons and nuclei, with the electronic stopping force 

being the most significant in nearly all energy domains. In particular, the beam speed 

has an impact on the energy loss. Typically, the energy loss at a given power is expressed 

in terms of stopping power, which can be defined as the energy loss per given volume of 

material. A medium's stopping power is the energy loss rate for a particle per unit length 

of its path. Utilizing the relativistic Bethe formula as [7]. 

 

Where 𝜈 =  𝛽c, is the ion velocity, ze, ion charge, m, electron mass, I, mean ionization 

energy of elements,   , Avogadro's number, A, the mass number of the element, Z, the 

atomic number of the element,  𝜌, target density [7]. 

Depending on the projectile charge and the target material, the stopping power is 

expressed as the energy loss per distance in the target material (-dE/dx) [8]. One of the 

topics that takes up a lot of space in physics scientists' research is the study of stopping 

power. These studies employed a variety of techniques and were both theoretical and 

experimental [9]. The Bragg additive rule is found to function quite well for compounds. 

According to the rule, a substance's mass-stopping power is equal to the weighted sum 

of its constituent atoms' mass-stopping powers [10]. 
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where    : the ratio of the atomic weight of the elements in the compound,  

   
    

     
                                                                                 

   : atoms number.,   : atomic mass of elements in medium,       : atomic mass of 

medium,  
   

   
 
   

 : Mass stopping power of compound,  
   

   
 
 
:stopping power 

Mass for the elements in the compound. 

 

 

RESULTS AND DISCUSSION 

In the beginning, the atomic weight ratios were calculated for each organic compound's 

components, composed of hydrogen, carbon, and oxygen, using Eq. 3, as listed in Table 

1. The mass stopping power of heavy charged particles (boron and carbon ions) was 

calculated in targets (methanol CH3OH, methanal CH2O) as shown in Table 2 based on 

the Beth-Relativistic Equation (Eq. 1) with an energy range of (0.01-1000 MeV) and 

programmed using the Matlab2021 program, the calculated results were compared with 

the practical results of the global code SRIM2013, and it showed good agreement at high 

energies.  

 

TABLE 1: Atomic weight ratios of Methanol CH3OH and Methanal CH2O. 

Organic 

compound 

Atomic weight ratios     

H C O 

Methanol 

CH3OH 
0.126 0.375 0.499 

Methanal 

CH2O 
0.067 0.400 0.533 

 

In Table 1 and Figure 1, and Figure 2, calculations of the stopping power of the boron ion 

B+5 and the carbon ion C+6 were calculated in two organic compounds (methanol and 

methanal) within the energy range (0.01-1000 MeV). It has negative values at energies 

(0.01-0.4 MeV). The negative sign is attributed to the logarithm in Eq. 1. And these 

negative values do not make sense physically, as they mean that the energy of the 

projectile increases whenever it passes inside the porous media, and this contradicts the 

reality, as whenever the projectile moves inside the porous media (targets), it loses its 

energy until it reaches a state of rest. In this case, the negative values of the stopping 

power are neglected. At energies (E > 0.3 MeV) for boron ion, the calculated stopping 
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power increases until it reaches its greatest value at 1 MeV for methanal and 0.9 MeV 

for methanol. For carbon ions, the calculated stopping power increases until it reaches 

its maximum value at 1 MeV for methanol and methanol. The highest value of mass 

stopping power is attributed to the ionization and irritation of the atoms of the organic 

compounds that represent the porous media. After that, the stopping power of the 

carbon ion shells begins to decrease in all media. The electronic effect at high energies 

dominates it. 
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TABLE 2: Calculations of Mass stopping power of Methanol and Methanal for Boron and 

Carbon ions. 
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FIGURE 1: Mass stopping power of (A) Methanol CH3OH, (B) Methanal CH2O for boron 

ion. 
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FIGURE 2: Mass stopping power of (A) Methanol CH3OH, (B) Methanal CH2O for carbon 

ion. 
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CONCLUSIONS 

The most important conclusions were reached by writing the relative Beth equation and the 

associated equations in the MATLAB 2021 accredited mathematical program, where the 

mass-stopping ability of the relative heavy ions in the studied organic compounds was 

studied, and the following was concluded: 

1. Though it requires some adjustments at low energies for its results to be in good 

agreement with those of the international code SRIM2013, the relativistic Bethe 

equation is very suitable for determining the stopping power of relative heavy ions 

in the studied organic compounds. 

2. The maximum value of the mass stopping power is at low or medium energies and 

decreases gradually with increasing energy. 
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Abstract:  

The calculation of the mass stopping power of two organic compounds (Methanol and 

Methanal) for boron and carbon ions performed in the energy range (10
-2

-10
3
 MeV) using 

relativistic Bethe equation, which has been programmed using MATLAB2021. And the 

curve fitting was used, and the calculated results were compared with the empirical data of 

the SRIM-2013 program for the same projectiles in the same organic compounds. The 

theoretical results calculated showed good agreement with the empirical data in the high 

energies region. 

 

 خلاصة                                                          

 

لأيونات البورون والكربون تم اجراؤها ضمن مدى طاقة ( ميثانال,ميثانول )تم حساب قدرة الإيقاف الكتلية لمركبين عضويين 

MeV (01
3

 – 10
-2

 باستخدام معادلة بيث النسبية( 

(  curve Fitting Toll) كما وتم استخدام اداة مطابقة المنحني ,  0100والتي تمت برمجتها باستخدام برنامج ماتلاب 

. لنفس القذائف في نفس المركبات العضوية ,  SRIM 2013وتمت مقارنة النتائج المحسوبة مع البيانات التجريبية لبرنامج 

 .اظهرت النتائج المحسوبة نظرياُ توافقاً جيداً مع البيانات التجريبة 

 

,  SRIM 2013برنامج ,  0100ماتلاب , النسبية  صيغة بيث, الأيونات الثقيلة , قدرة الإيقاف الكتلية : الكلمات المفتاحية 

 .المركبات العضوية 

 


