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Abstract: this paper presents a mathematical justification for the deuteron clusterization of the atomic nucleus. 

As a result of the research, a semi-empirical formula for calculating the binding energy is obtained. 

Comparisons are made between experimental and theoretical results, with the error not exceeding 0.4 MeV. In 

the case of approximation of the chemical mass defect discrepancies in the results for the specific binding energy 

between experimental and theoretical values do not exceed 1 MeV. The obtained semi-empirical formula makes 

it possible to confirm the hypothesis that the neutron has a binding function in the atomic nucleus. Based on this, 

we can say that the mass defect is the amount of energy that a neutron from the ground state spends on the 

formation of nuclear forces. 
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Аннотация: данное исследование является математическим обоснованием дейтронной кластеризации 

атомного ядра. Получена полуэмпирическая формула для вычисления энергии связи. Сделаны сравнения 

между экспериментальными и теоретическими результатами, где погрешность не превышает 0,4 

МэВ. В случае аппроксимации химического дефекта масс, расхождения результатов для удельной 

энергии связи между экспериментальными и теоретическими не превышает 1 MeV. Полученная 

полуэмпирическая формула дает возможность подтвердить гипотезу о том, что нейтрон выполняет 

связывающую функцию в атомном ядре. Исходя из этого, можно сказать, что дефект масс есть то 

количество энергии, которое нейтрон из основного состояния тратит на образование ядерных сил. 
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1. Introduction. 

With the development of the theory of nucleus structure and evolution of various models of the atomic 

nucleus, attempts were undertaken to create formulas for calculation of the mass and binding energies of the 

nuclei. These formulas are based on theoretical ideas about the structure of the nucleus, but the coefficients used 

in calculations are derived from experimental data on the mass of the nuclei. Such formulas, based both on 

theory and experimental data, are called semi-empirical formulas. 

The semi-empirical formula obtained in this paper is based on the deuteron clustering of the nucleus.The idea 

behind it is that a nucleus consists of deuterium nuclei (clusters) and a certain number of neutrons that bind 

deuterons into a single structure. With this approach, a clear pattern is observed, which is related to the number 

of neutrons and deuteron clusters in the nucleus. Neutrons bind deuteron clusters into a single nuclear structure 

[1], [2]. 

2. Binding energies based on nuclear mass defect. 

The binding energy of a nucleus in relation to all nucleons is a matter of its strength, measured by the 

minimum amount of work to be performed in order to completely split the nucleus into its constituent protons 

and neutrons. By virtue of the relationship between mass and energy, the binding energy of the nucleus can be 

calculated by the formula (1) [3] 

Eb = Δmc2           (1) [3] 

where  Δm- mass defect, c –speed of light 

The mass defect of the atomic nucleus is the difference between the sum of the remaining masses of 

nucleons, constituting the nucleus of a given nuclide, and the rest mass of the atomic nucleus of this nuclide. 

Δm = (ZMp + NMn) - Mnuc          (2) [3] 

where  Z - number of protons, N -number of neutrons, Mp-proton mass, Mn-neutron mass, Mnuc-nuclide mass 

in amu 



According to the formula (1) and (2), using experimental mass values [4] of 300 most stable isobars of 

chemical elements, thebinding energy per nucleon(Eb/A) was calculated with the plot shown in Figure 1. 
 

 
 

Fig. 1. Binding energy per nucleon versus mass number 
 

3. Binding energies based on liquid drop model. 

The liquid drop model is one of the earliest models of the structure of the atomic nucleus. Based on this 

model Carl Weizsäcker obtained a semi-empirical formula for the binding energy of an atomic nucleus for the 

first time. According to this theory, the atomic nucleus can be represented as a spherical, uniformly charged drop 

of liquid from nuclear matter, which has incompressibility, saturation of nuclear forces, “evaporation” of 

nucleons, etc. Given the properties common to liquid and nuclear matter Weizsäcker obtained a semi-empirical 

formula (3) allowing calculation of the approximate values of the binding energy of the nucleus [3]. 

          (3) [3] 

where А – mass number, Z – atomic number. The coefficients in formula (2) α, β, γ, and εare obtained by 

statistical processing of experimental data.The coefficientδis determined from the concept of an even-odd 

nucleus. 
 

 
 

Fig. 2. Experimental values of binding energy per nucleon versus calculated by the formula Weizsäcker [4], [5] 
 

The Weizsäcker formula allows to calculate the binding energy of a nucleus with an error of up to ~ 11 

MeV as shown in Figure 2 [5]. The largest discrepancies between experimental and theoretically obtained are 

observed in the area of magic numbers. This is explained by the fact that in liquid drop model the non-

uniformities of the distribution of nuclear matter due to the shell structure of atomic nuclei are not taken into 

account. 

4. Binding energies based on deuteron clusterization of the atomic nucleus. 
This paper presents a cluster model of nuclei, considering that nucleus consists of deuterium nuclei (clusters) 

and a certain number of neutrons. These neutrons bind clusters into a single nuclear structure [1] [2].Based on 

this idea, a semi-empirical formula for the binding energy of the nucleus was obtained. If the masses are 

expressed in energy units, the formula will look as follows: 

Eb = Mn-
𝑴𝒏𝒖𝒄

𝑨
 - ΔmD

𝑨−𝟐𝒁

𝑨
          (4) 

whereMn-neutron mass,Mnuc-nuclide mass,A-mass number, Z – atomic number, mD–deuteron mass defect. 



The values of the binding energy per nucleon for the 300 most stable isobars of chemical elements obtained 

by formula (4) are shown in the plot in Figure 3. The discrepancy between the experimental and theoretical 

values does not exceed 0.4 MeV. 
 

 
 

Fig. 3. Experimental values of binding energy per nucleon versus calculated with use of the formula (4) 
 

The values of Mnuc are determined experimentally by the method of mass spectrography and, therefore, the 

values expressed in terms of the masses of neutral atoms in amuare given in the tables instead of nuclear masses. 

For neutral atoms, it is necessary to take into account the masses of electrons of a given atom. Considering the 

above mentioned, the chemical defect mass will be: 

Δm =  Mnuc– A          (5.а) [6] 

Hence, from the formula (5.a) the following can be derived: 

Mnuc=Δm + A          (5.b) 

As can be seen from Fig. 4, the approximating line for the chemical mass defect [6] is: 

Δm = 𝟓 ∗ 𝟏𝟎−𝟔𝑨𝟐 − 𝟎. 𝟎𝟎𝟏𝑨 +  𝟎. 𝟎𝟏𝟔          (6) 
 

 
 

Fig. 4. Chemical mass defect versus mass number based on the 12C 
 

Using formula (6), formula (5.b) will result the following: 

Mnuc=𝟓 ∗ 𝟏𝟎−𝟔𝑨𝟐 +  𝟎. 𝟗𝟗𝟗𝑨 +  𝟎. 𝟎𝟏𝟔          (7) 

Formula (7) makes it possible to convert formula (4), in order to avoid the use of the experimental values of 

the mass of the nucleus when calculating the binding energy: 

Eb = Mn -
𝟓∗𝟏𝟎−𝟔𝐀𝟐 + 𝟎.𝟗𝟗𝟗𝐀 + 𝟎.𝟎𝟏𝟔

𝑨
 - ΔmD

𝑨−𝟐𝒁

𝑨
          (9) 

Recalculating the values of the binding energy using the formula (9), we obtain discrepancies between the 

experimental and theoretical results of not more than 1 MeV. This is due to the approximation in the calculation 

of the chemical mass defect, as shown in Figure 5. 
 



 
 

Fig. 5. Experimental values of binding energy per nucleon versus calculated by the formula (9) 
 

5. Conclusion. 

Unlike the liquid drop model, the idea of deuteron clusterization allowed to find a semi-empirical formula 

with a small error of values for the binding energy independent from the symmetry (even-oddness) of the 

nucleus. 

Eb = Mn -  
𝟓∗𝟏𝟎−𝟔𝐀𝟐 + 𝟎.𝟗𝟗𝟗𝐀 + 𝟎.𝟎𝟏𝟔

𝑨
 - ΔmD

𝑨−𝟐𝒁

𝑨
 

In the formula for the binding energy of the deuteron clusterization, the Mn term presents the neutron mass, 
𝑴𝒏𝒖𝒄

𝑨
 characterizes the amount of energy that neutron loses on the formation of an intercluster bond, and the term 

ΔmD
𝑨−𝟐𝒁

𝑨
characterizes the neutron energy loss due to the formation of a deuteron cluster. The shell structure of 

the clustering of the nucleus in which the deuteron wave functions overlap is also not excluded. One of the 

directions for further research will be related to this issue. 
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