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Abstract 
This paper presents an approach that allows describing the spatial formation of the electron shells 
of atoms, based on known principles and rules, in a logically consistent version of the visual 
representation of an atom. To solve the problem, we have chosen the shell model of a multi-
electron atom in the normal state. The basis for the construction of electron shells is the 
representation of an electron in the form of minimum of potential energy, symmetry, as well as 
the Pauli principle. We have developed computer models of real atomic structures based on 
known experimental and calculated data on orbital radii and ionization energies. The principal 
advantage of the proposed method of atom’s visual representation is that the data of empirical 
measurements and calculated values of the atomic parameters are used here together to visualize 
the electron shells of atoms, and not as it is generally accepted, to determine the parameters of 
atoms. This approach allows us to take a different look at the possibilities of studying and 
predicting the properties of multielectron atoms. 
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Аннотация 
Представлен подход, позволяющий описать пространственное формирование электронной 
структуры атомов, на основе известных принципов и правил, в логически 
непротиворечивом варианте визуального представления атома. Для решения поставленной 
задачи выбрана оболочечная модель многоэлектронного атома, находящегося в 
нормальном состоянии. За основу построения электронных оболочек приняты 
представление электрона в виде электронного облака и известные принципы: минимума 
потенциальной энергии, симметрии, а также принцип Паули. На основе данных по 
орбитальным радиусам и энергиям ионизации разработаны компьютерные модели 
реальных структур атомов. Принципиальным преимуществом предложенного метода 
наглядного представления атома является то, что данные эмпирических измерений и 
расчетных значений параметров атома здесь совместно используются для визуализации 
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электронных оболочек атомов, а не как общепринято – для определения параметров 
атомов. Такой подход позволяет по-другому взглянуть на возможности изучения и 
прогнозирования свойств многоэлектронных атомов. 
Ключевые слова: компьютерное моделирование; электронная оболочка; атом; энергия 
ионизации; оболочечная модель; квантовое число; электронное облако 
Для цитирования: Мигаль Л.В., Бондарев В.Г. Компьютерная визуализация 

пространственной структуры электронной оболочки атома // Научный результат. 
Информационные технологии. – Т.7, №1, 2022. – С. 3-18. DOI: 10.18413/2518-1092-2022-7-
1-0-1 

 

INTRODUCTION 

The basis of modern concepts of science is the fundamental idea according to which any properties 

of objects of the surrounding world can theoretically be deduced from the characteristics describing the 

structure of material objects through the construction of models [1]. One of the tasks of the physical 

orientation is the modeling of the electron shell of an atom in order to visualize the distribution of 

electrons inside the atom. To date, a sufficiently large number of models of atoms have been proposed 

[2]. With all the variety of models of the electronic structure of atoms, the most famous of them is the 

shell model [3]. The shell model of a multi-electron atom is based on the hypothesis of the separation of 

electrons into certain groups, called electron shells. The electron shell is usually understood as a set of 

electronic orbitals, which are characterized by four quantum numbers: n – the main one; l – orbital; ml – 

magnetic and ms – spin quantum number [4].  

The rules for filling atomic orbitals in a multielectron atom are based on three main principles [5]: 

the lowest energy, the Pauli exclusion principle, and the highest multiplicity for the ground states of the 

electron shells of atoms (Hund's rule). According to the principle of minimum energy, the most stable 

state of an atom corresponds to the placement of electrons in orbitals with the lowest energy, i.e. the 

minimum potential energy of a system consisting of a set of electrons and a nucleus is provided. Also 

important in the atom is the Pauli principle, which prohibits the presence of more than one electron with 

the same set of four quantum numbers (n, l, ml and ms). If all states are occupied for the principal quantum 

number with a certain value, then it is customary to speak of the formation of a closed (closed) shell. The 

principle of maximum multiplicity allows the population of orbitals by electrons within a separate 

subshell in such a way that the modulus of the sum of spin numbers is maximum [7]. The order of 

increase in atomic orbital energies in multielectron atoms is described by the Klechkowski rule [8]: with 

an increase in the atomic of the nucleus of an atom, the filling of orbitals occurs in the order of increasing 

sum of the main and orbital quantum numbers (n+l), and with equal values of this sum, in the order of 

increasing n. 

To visualize the distribution of electrons in atoms, it is customary to use several different methods, 

the main of which are analytical notation and the quantum cell method [6]. An analytical notation is an 

alphanumeric electronic formula, which is built from nl-subshells with an indication of the number of 

electrons that populate each of them. Guided by the principles of minimum energy and Pauli, as well as 

the rules of Hund and Klechkowski, one can determine not only the order in which orbitals are populated 

by electrons, but also construct the electronic formula of any atom. The disadvantage of alphanumeric 

electronic formulas is the use of only two quantum numbers n and l.  

An electronic circuit is a symbolic model that does not represent a three-dimensional image of the 

electronic shell. It is intended only to reflect the sequence in which each electron shell is filled. When 

studying the properties of atoms, it is possible to simulate the structure using the quantum cell recording 

method. The cells included in the cell scheme can be populated with electrons. Each specific variant of 

settlement is called the electronic configuration of the atom. According to the values of quantum numbers 

n and l the cell scheme can be divided into n-shells and nl-subshells. Based on the recording of electronic 

configurations by subshells, this method takes into account the maximum number of quantum cells of the 

electron subshell, into which electrons are populated. We should also note that not only the electronic 

configurations of an individual selected subshell with completely filled, but also half-filled orbitals are 

characterized by increased stability. 
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Modern ideas about the structure of the atom electron shell come from the fact that the motion of an 

electron in an atom cannot be described by a certain trajectory. It is possible to consider only a certain 

volume of space in which the electron is located, which is called the electron cloud [9]. The electron 

cloud is a visual model that reflects the distribution of the probability density function of finding an 

electron in an atom depending on its energy. At the same time, if we have a certain maximum probability 

at a certain point of the electron cloud, then taking it as the center of the cloud and assuming that the 

electron itself is located at this point, we can estimate the size of not only the cloud, but also the atom 

itself. 

In the geometric model [10], the size of the spheres denoting electron clouds depends on the atomic 

of the nucleus and the proximity of the shell to the atomic nucleus. The geometric model combines the 

advantages of both electronic circuits and orbital models. In addition to the above, the geometric model 

also has a number of new features: demonstrating the stability of certain electron shells in an atom, 

assessing the location of electrons in an atom, and also allows you to deal with atomic numbers 2, 10, 18, 

36, 54, 86, 118, which are a common the number of electrons in the inner filled electron shells. 

At the beginning of the 20th century, A. Parson [11] suggested that electrons do not revolve around 

the nucleus, but under the influence of electromagnetic field forces, at a certain finite distance from the 

nucleus, they come into stable equilibrium with electrons located in spherically symmetric stable 

configurations. At the same time, in his model, electrons are located at stationary positions around the 

nucleus. In developing this hypothesis, J. Langmuir proposed to take into account a number of other 

structural features of the atom [12]: 

1. Electrons in atoms are located in paired planes symmetrical with respect to the nucleus. Atoms 

have an axis of symmetry perpendicular to these planes. 

2. Each cylindrical layer breaks up into several cells of equal volume. 

3. Electrons act on each other with mutually balanced electrostatic and electromagnetic forces. 

In the future, in the theory of M. Gryzinsky [13], which is based on the ideas of A. Parson and J. 

Langmuir, it was confirmed that the electrons in the atom are arranged regularly, the atom itself has an 

axis of symmetry and, most importantly, the electrons move collectively, due to the presence of a periodic 

component in the electric field of the atom. Moreover, he came to the conclusion that atoms can be 

described by classical Newton's equations using known interactions without introducing free parameters. 

Additionally, we note that the structure of the atom, despite the presence of a number of models, has not 

yet been fully deciphered. However, we will assume that it can be reproduced in graphical form on the 

basis of already known experimental and theoretical data. It is for this reason that the main task set in this 

paper is to visualize the physical representation of the spatial structure of the electron shell of an atom by 

computer modeling it as a collection of electron clouds located near the nucleus of an atom. 

 

1. SIMULATION 

Our main task is to understand how the electron shells of an atom are housed, and how the spatial 

structure changes as it becomes more complex. The main object of simulation in our study will be an 

isolated atom in a normal state. In an atom, the system under study is a collection of electrons located in 

the Coulomb field of the nucleus. Let's assume that we can mentally dive into the atom and visually 

control the position of the electrons. At the same time, the explanation of the behavior of any individual 

electron in the composition of an atom is possible only on the basis of knowledge of its general 

properties, described using a set of known principles and rules. 

To solve the problem set before us, the most useful is the shell model of a multielectron atom. As a 

basis for constructing the electron shell, we take the well-known principles: the minimum of potential 

energy, symmetry and the Pauli principle. The principle of minimum energy is basic in constructing the 

electronic configuration of an atom, since the presence of a certain amount of electron energy is a 

consequence of the electron being on the corresponding shell of the atom.  

Within the framework of this approach, we will assume that the electron is a structureless material 

point located in the center of its own electron cloud, and the position of the electron in the near-nuclear 

space can be set by a set of quantum numbers. For a detailed disclosure of the structural properties of the 
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electron shell of an atom, we will need to visualize the internal structure of the atom by computer 

modeling based on known experimental data on the location of electron clouds around the atomic nucleus 

without using a quantum mechanical approach. 

Suppose an atom has several components, the most important of which in our study can be 

considered dynamic and static. In accordance with the formulation of the problem, the dynamic 

component is rigidly connected to the nucleus of an atom, considering its behavior as an object connected 

into a single whole with electron clouds. When accepting the hypothesis of the rotation of the atom as a 

whole [13] and, consequently, the use of a static representation of the atom allow us to exclude from our 

consideration such dynamic concepts as orbital and spin quantum number. This approach will also make 

it possible not to consider the influence of relativistic effects. 

Initially, we turn to the definition of a method for modeling the electron shell of an atom. To do 

this, we will choose a cylindrical coordinate system, in the center of which we will place the nucleus of 

the atom (Fig. 1). 

One of the axes, for example, the polar axis Ox, will be selected as the base, relative to which the 

rotation of the entire atom as a whole will occur. Given that the x coordinate must be included in the set 

of quantities responsible for the positions of the electron clouds in the atom, we assign it the name of the 

basic quantum number. 

 
 

Fig. 1. Schematic view of the atom electron shell 

Рис. 1. Схематический вид электронной оболочки атома 

 

In this case, the choice of the value of the main quantum number n will be calculated by the formula 

  (1) 

In this case, the principal quantum number determines only the number of the electron shell and 

will not be used in estimating the positions of the electrons. The applicate axis Oz is compatible with the 

orbital quantum number l. By choosing certain values for the quantum numbers x and l one can 

unambiguously find out on which of the electron shells the electron is located, with which these quantum 

numbers are associated. The role of the third coordinate here is played by the azimuthal angle, positioned 

as the angle of rotation around the polar axis Ox and characterized by the magnetic quantum number ml. 

The magnetic quantum number determines the possible orientations of electron clouds in space. The 

number of such orientations is known to be: 2l+1. Based on the change in the set of quantum numbers, it 

is also necessary to modify the Pauli principle, which can be limited to the use of three quantum numbers: 

basic, orbital and magnetic to determine the spatial arrangement of the positions of electron clouds. 

In this work, the shell model of an atom is taken as the starting point for creating a computer model 
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of the electron shell of an atom, remaining within the framework of classical electrostatics. For our 

consideration, the principle of indistinguishability of electrons is also important, according to which all 

electrons of a separate shell are equal in rights and are equally connected with the nucleus [14]. The shell 

model is supplemented by the assumption of a symmetrical configuration of electrons in each of the 

shells, which satisfies the condition of minimum potential energy and ensures the stability of the atom.  

When choosing the objects that make up the electron shell of an atom, it is necessary to take the 

electron clouds formed by them as a basis as visual objects instead of the electrons themselves. Suppose 

we have a collection of electrons near the nucleus of an atom in a normal state, each of which forms its 

own electron cloud around itself. For the purpose of simplification, we will consider only spherical 

electronic clouds located on the corresponding shells and subshells. When determining the location of 

clouds, we will assume that the area of their placement is some area of space not surrounding, but located 

near the nucleus of an atom. 

Each electronic cloud is characterized by the following main parameters: 

‒ nuclear atomic: it is assumed that the atomic is concentrated in the center of the electron cloud; 

‒ the radius of the electron cloud of finite size; 

‒ spatial coordinates determined on the basis of quantum numbers. 

For convenience of representation, taking into account the selected value of the orbital quantum 

number, each of the electron clouds can be associated with certain color designations (Table 1). 

 

Table 1  

Color identification of electron clouds, according to the values of the orbital quantum number 

Таблица 1 

Цветовая идентификация электронных облаков, в соответствии со значениями орбитального 

квантового числа 
Orbital quantum 

number 
s p d f 

Colour Yellow Green Red Blue 

 

To fix the static nature of the structure, we assume that there are no processes of reconfiguration of 

electron clouds near the nucleus in this model, except for the settlement of subshells by kainosymmetries. 

It does not provide for taking into account the mechanical inertia of particles, determined by their mass, 

as well as taking into account their own rotational motion of particles. We will also assume that all kinetic 

energy is concentrated only in the rotational motion of the entire atom as a single whole. 

To fix the static nature of the structure, we will assume that there are no reconfiguration processes 

of electron clouds near the core in this model, except for the colonization of subshells by 

kainosymmetrics. There is no provision for taking into account the mechanical inertia of particles 

determined by their mass, as well as taking into account their own rotational motion of particles. We will 

also assume that all kinetic energy is concentrated only in the rotational motion of the entire atom as a 

whole. 

Summarizing all the explanations considered, it was decided, when conducting computer modeling 

of the spatial structure of the electron shell of an atom, to accept the following assumptions: 

1. Only atoms in a normal state are considered. 

2. Electron clouds have a spherical shape and a finite radius. Each electron cloud occupies a certain 

area near the core and does not intersect with neighboring clouds or the core itself. 

3. The atom as a whole is in a state of rotation around some selected basic axis. 

4. The modified Pauli principle determines the spatial arrangement of electron clouds relative to 

each other and relative to the nucleus of an atom, and is based only on three quantum numbers: x, l, and 

ml. 

5. The magnetic quantum number ml makes it possible to determine the number of electrons placed 

on a common plane perpendicular to the base axis at a given value of the orbital quantum number l. 

6. The principle of minimum energy determines the order of settlement of electrons having different 
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values of potential energy. 

7. The interaction of electrons with each other and with the nucleus is calculated in accordance with 

Coulomb's law, and the resulting interaction is determined by the sum of its interactions with all others. 

8. The settlement of electrons in a multi-electron atom, in the main, that is, the most energetically 

advantageous state, occurs in accordance with previously established principles and rules. 

9. The model does not take into account the finite mass of the nucleus, its size and relativistic 

effects.  

To verify the basic provisions of the model of the formation of the spatial structure of the atom 

electron shell, a software package was created in which an electrostatic mechanism of interaction of 

electrons with each other and with the nucleus of an atom was implemented. In order to obtain a structure 

similar to a real atom, the orbital radii of each electron were taken into account [15], and the location of 

the electron clouds was determined based on known data on ionization energy [16], and for s-electrons by 

additional calculation of their radii for all values of the main quantum number. 

 

2. RESULTS AND DISCUSSION 

2.1. SIMPLE MODEL 

Let us assume that the electron clouds that make up the electron shell of the atom are objects that 

have equal unit diameters. Let us mark the Ox axis (Fig. 1) in units numerically equal to the diameter of 

the electron cloud (hereinafter, instead of the concept of "electron cloud" we will use the concept of 

"electron", however, if it becomes necessary to note their difference, we will indicate them separately). 

We will demonstrate the operation of known principles and rules using specific examples.  

Atomic number Z=2. The first shell, which has the smallest capacity, is represented by two atoms 

with atomic numbers Z = 1 and Z = 2 (Fig. 2). In an atom with Z = 1 there is only one electron, whose 

position is determined by quantum numbers:  x = 1, l = 0, ml = 0, which will occupy the 1s-оболочку 

shell and in the ground state will have an electronic configuration of 1s1. 

 
 

 
 

Fig. 2. Example of the arrangement of electron clouds in an atom 

Рис. 2. Пример расположения электронных облаков в атоме 

 

The second electrons, in accordance with the principle of minimum energy, will also occupy the 1s-

shell and the atom in the ground state, in turn, will have a completed electronic configuration of 1s2. But 

in order to comply with the modified Pauli principle, this electron must have a difference from the first in 

its set of quantum numbers (x,l,ml). The only quantum number that can be changed "to enter" this shell is 

the base quantum number. Thus, on the 1s-shell, in addition to the first electron with a set of quantum 

numbers (1,0,0), there will also be a second electron with a set (-1,0,0). Therefore, in accordance with 

these principles, both 1s electrons will complete the occupation of the K-shell. 

Atomic number Z=4. In an atom with Z = 3 the first two electrons are already fixed on the 1s-shell, 

therefore, by virtue of the Pauli principle, the third electron cannot be attached to the first two. It falls on 

the next 2s-subshell (Fig. 2), i.e. with a set of quantum numbers (2,0,0). The fourth electron will occupy 

the same 2s-subshell having a similar set of quantum numbers, differing only in the value of the base 

quantum number (-2,0,0). Now the 2s-subshell will also be completely filled, while the atom will already 

have an electronic configuration – 1s22s2. 

Atomic number Z=10. Due to the fact that the capacity of the 2s-subshell is also limited to two 

electrons, the next atom with an atomic number Z = 5 occupies the 2p-subshell, having a set of quantum 

numbers (0,1,1) (Fig. 3).  
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Fig. 3. Model of electron shells for Z = 7 in two projections: 

a) in a plane passing through the axis of rotation of the atom at an angle of 45⁰; 
b) in a plane perpendicular to the axis of rotation and passing through the center of the core. 

 – s-electrons,  – p-electrons 

Рис. 3. Модель электронных оболочек для Z = 7 в двух проекциях: 

a) в плоскости, проходящей через ось вращения атома под углом в 45⁰; 

b) в плоскости, перпендикулярной оси вращения и проходящей через центр ядра. 

 – s-электроны,  – p-электроны 

 

All 2p-electrons are usually referred to as kainosymmetrics. An atom with a atomic number Z = 6 

will be arranged symmetrically and will have a set of quantum numbers (0,1, -1).  

 

 
Fig. 4. A simple model of electron shells for the first 10 electrons in two projections: 

a) in a plane passing through the axis of rotation of the atom at an angle of 45⁰; 
b) in a plane perpendicular to the axis of rotation and passing through the center of the nucleus. 

– s-electrons,  – p-electrons 

Рис. 4. Простая модель электронных оболочек для первых 10 электронов в двух проекциях: 

a) в плоскости, проходящей через ось вращения атома под углом в 45⁰; 

b) в плоскости, перпендикулярной оси вращения и проходящей через центр ядра. 

 – s-электроны,  – p-электроны 

 

Further occupation of electrons, starting from Z = 7 with a set of quantum numbers (0,1,0), will 

already lead to a transformation of the spatial arrangement of 2p-electrons. All three of the first 2p-

electrons (from the fifth to the seventh) will be located symmetrically relative to the axis of rotation of the 

atom and each other. Here, the well-known Hund’s rule is automatically fulfilled when all three 2p-

electrons have the same value of the base quantum number. The remaining three electrons, from the 

eighth to the tenth, are populated to their positions with the base quantum numbers x = -2 while 

simultaneously shifting the previously set 2p-electrons, changing the values of the base quantum number 

for all previously occupied 2p-electrons to the value – x = 2. At this stage, the filling of the L-shell of the 

atom is completed (Fig. 4).  

Atomic number Z=18. The next closed stable configuration of electrons is formed by occupying 

the 3s- and 3p-subshells that make up the M-shell of the atom with electrons. These include atoms with 
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Z = 11 to Z = 18 (Fig. 5). Note that, starting with the consideration of the atomic number Z = 11, we will 

refrain from specifying specific sets of quantum numbers for individual electrons. 

 

 

Fig. 5. A simple model of the electron configuration with the atomic number Z = 18.  

 – s-electrons,  – p-electrons 

Рис. 5. Простая модель конфигурации электронов с атомным числом атома Z = 18.  

 – s-электроны,  – p-электроны 

 

When analyzing the positions of the electrons in this configuration, it can be seen that the principle 

of minimum energy should indicate the initial occupation of 3p-electrons. However, in a real atom, there 

is a significant compression of 1s-electrons, as well as some compression of 2s-electrons, leading to a 

change in the ratio of the positions of the electrons relative to the nucleus of the atom. For the same 

reason, in the future, 4s-electrons will also occupy earlier than 3d-electrons.  

Atomic number Z=36. Filling the electron shells to form an atom with Z = 36 leads to the 

occupation of 4s-, 3d- and 4p-subshells. These include atoms from Z = 19 to Z = 36 (Fig. 6). 

 

 
Fig. 6. A simple model of the configuration of electrons with the atomic number Z=36: 

a) in a plane passing through the axis of rotation of the atom at an angle of 45⁰; 
b) in a plane perpendicular to the axis of rotation and passing through the center of the nucleus. 

– s-electrons,  – p-electrons,  – d-electrons 

Рис. 6. Простая модель конфигурации электронов с атомным числом атома Z = 36: 

a) в плоскости, проходящей через ось вращения атома под углом в 45⁰; 

b) в плоскости, перпендикулярной оси вращения и проходящей через центр ядра. 

 – s-электроны,  – p-электроны,  – d-электроны 

 

At first, as noted above, there is an occupation of the 4s-subshell. After filling it, the occupation of 

the 3d subshell begins, the capacity of which is 10 electrons. In the six subsequent atoms from Z = 31 to 

Z = 36, the electrons are already located in the 4p condition. 

Atomic number Z=54. The presented group of atoms is similar in structure to the previous one 
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(Fig. 7). Both groups have the same capacity and contain 18 atoms each. Here, at first, there is an 

occupation of the 5s-subshell. After its filling, the occupation of the 4d-subshell begins, and the formation 

of the electronic configuration is completed by the occupation of the 5р-subshell (Fig. 8). 

Fig. 7. A simple model of the electron configuration with the atomic number Z = 54. 

– s-electrons, – p-electrons,  – d-electrons

Рис. 7. Простая модель конфигурации электронов с атомным числом Z = 54. 

– s-электроны, – p-электроны,  – d-электроны

Upon further consideration, we will no longer take into account the natural order of electron 

occupation, which is determined by the principle of minimum energy and has a number of deviations in 

the order of occupation of the atom shells.  

Atomic number Z=86. This is followed by one of the most representative groups of atoms, 

containing 32 different configurations (Fig. 8). In these atoms, respectively, the 6s-, 4f - and 5d-subshells 

are occupied with electrons. The occupation of free positions with electrons is completed by filling the 

6p-subshell. 

Fig. 8. Simple model of electron configuration with atomic number Z = 86: 

a) in a plane passing through the axis of rotation of the atom at an angle of 45⁰;
b) in a plane perpendicular to the axis of rotation and passing through the center of the core.

– s-electrons,  – p-electrons,  – d-electrons,  – f-electrons

Рис. 8. Простая модель конфигурации электронов с атомным числом Z = 86: 

a) в плоскости, проходящей через ось вращения атома под углом в 45⁰;

b) в плоскости, перпендикулярной оси вращения и проходящей через центр ядра.

– s-электроны,  – p-электроны,  – d-электроны,  – f-электроны



 

Migal L.V., Bondarev V.G. Computer visualization of the spatial structure of the electronic 
atom shell // Research result. Information technologies. – Т.7, №1, 2022 

12 

 
 

Atomic number Z=102. Similarly, the occupation of subshells occurs in heavy atoms. However, due to 

the presence of an upper bound of the atomic number, with the parameters of atoms available for analysis, we will 

limit ourselves only to the population of 7s- and 5f-subshells with electrons (Fig. 9). The capacity of these 

subshells will be equal to 16 electrons. 

 

 
Fig. 9. A simple model of the electron configuration with the atomic number Z = 102.  

 – s-electrons,  – p-electrons,  – d-electrons,  – f-electrons 

Рис. 9. Простая модель конфигурации электронов с атомным числом Z = 102.  

 – s-электроны,  – p-электроны,  – d-электроны,  – f-электроны 

 

When considering the electronic configuration of an atom with Z = 102 we pay attention to a certain 

elongation of s-electrons along the polar axis, resulting from the absence of ns-electrons in a simple 

compression model. 

At the end of the consideration of a simple model of electron shells, we will check for compliance 

with the dependence of the first ionization energy Ei on the atomic number Z for light atoms (Fig. 10). 

 

 
Fig. 10. Dependence of the first ionization energy Ei on the atomic number Z: 

 – empirical data [16],  – simple model 

Рис. 10. Зависимость первой энергии ионизации Ei от зарядового числа Z: 

 – эмпирические данные [16],  – простая модель 
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Calculations of ionization energies were carried out without taking into account the dynamics of 

electron displacement during the formation of the electron shell for all K- and L-shell atoms. As can be 

seen on the graph, the trends of ionization energy changes for the values of the first ionization energy Ei 

of model atoms and empirically obtained data have a common direction, which indicates a certain 

correspondence, even within a simple model, to the real nature of the behavior of this parameter of the 

electron shell of an atom. 

3.2 DIMENSIONAL MODEL 

The actual sizes of the electron clouds that make up the spatial model of an atom differ, depending 

on their position relative to the nucleus. Their size qualitatively reflects the magnitude of the binding 

energy of electrons on individual subshells. The greater the binding energy of the electron to the nucleus 

in the subshell, the smaller the size of the sphere modeling the electron cloud should be. Therefore, by the 

dimensional model of the electron shell of an atom we will understand a set of electron clouds, each of 

which has an electron in its center located at a distance of its orbital radius from the nucleus. The 

principal advantage of the proposed method of visual representation of the atom is that the data of 

empirical measurements and calculated values of the parameters of the atom are jointly used here to 

visualize the electronic shells of atoms, and not, as is generally accepted, to determine the parameters of 

atoms. This approach allows us to take a different look at the possibilities of studying and predicting the 

properties of multielectron atoms.  

When forming the spatial structure of the electron shell of a dimensional model of an atom, we will 

take as a basis, when determining the positions of electrons, such parameters of the atom as the distances 

between the nucleus and individual electrons (orbital radii), the distances between the electrons 

themselves, as well as the first ionization energies of atoms. 

The occupation of s-electrons will be carried out taking into account the empirical and calculated 

values of the orbital radii. At the same time, to determine the size of s-electrons, we will choose the radius 

of the electron cloud Rs, obtained by calculating for the values of the main quantum number n > 1 for the 

corresponding orbital radii according to the formula 

(2) 

At the magnitude of the main quantum number n = 1 the radius of the electron cloud is identical to 

the minimum orbital radius: . The values of the orbital radii are taken from the previously 

performed work [15]. 

When occupying p-, d- and f-electrons, it is necessary to use an additional parameter, defined as the 

interval ΔR between symmetrically arranged positive and negative electrons in the base quantum number 

belonging to the same subshell (Fig. 11). Note that the diameters of the electron clouds of all shells, with 

the exception of the s-shell, in order to increase the clarity of the representation of the electron shell of the 

atom, are shown in the figure in a halved size. 

To estimate it a priori, we assume that it is proportional to the size of the corresponding orbital 

radius  

(3) 

where A – is the proportionality coefficient that determines the amount of electron displacement relative 

to the polar plane; – is the radius of the electron cloud. A multiplier numerically equal to two is 

included in the formula to account for the size of the entire value of the interval ΔR between the centers of 

electrons symmetrically located semi-closed parts of the subshell. 
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Fig. 11. The interval ΔR between the 2p-electrons of the semi-closed parts of the subshell 

Рис. 11. Интервал ΔR между 2p-электронами полузакрытых частей подоболочки 

 

For example, the 2p-electrons, positive in the base quantum number, are located in parallel 

symmetrical planes with respect to having a negative base quantum number, relative to the plane passing 

through the center, perpendicular to the horizontally located main plane. Empirical data on the ionization 

energy can be used to determine the ΔR interval [16]. By shifting these symmetrical planes along the 

polar axis Ox (Fig. 11), we achieve a coincidence of the calculated and empirical values of the ionization 

energy for the electron shell of the atom under consideration. So, for a 2p-subshell, the first ionization 

energy of an electron is Ei (Z=10) = 21.5645 MeV. The selection of the interval at which the calculated 

ionization energy will also have a similar value leads to the value: ΔR = 0.24  (Fig. 11). Using the 

obtained values of the interval, it is possible to carry out the settlement of 2p-electrons with negative base 

quantum numbers (Fig. 13). The selection of the values of the coefficient A for the interval ΔR was 

carried out once for each subshell and was fixed for all other atoms (Table 2). 

 

Table 2 

Values of coefficient A for the interval ΔR between the semi-closed parts of individual subshells 

Таблица 2 

Значения коэффициента А для интервала ΔR между полузакрытыми частями отдельных 

подоболочек 
Subshell’s name Atomic number, Z Ionization energy, Ei (MeV) Coefficient А 

2p 10 21.5645 0.1193 

3p 18 15.7596 0.8772 

3d 30 9.3942 0.9091 

4p 36 13.9996 0.8214 

4d 46 8.3369 0.8460 

5p 54 12.1298 0.7800 

4f 70 6.2542 0.7666 

5d 80 10.4375 0.8525 

6p 86 10.7485 0.7564 

5f 102 6.6600 0.7767 

 

Let us now turn to the consideration of specific dimensional models of atoms having only closed 

subshells. 

Atomic number Z=2, Z=4 and Z=10. 1s- and 2s-subshell are populated by electrons similarly to 

their representation in a simple model. However, in the process of increasing the atomic number of the 

nucleus, the size of the electron clouds of 1s-electrons decreases significantly, and 2s-electrons visually 
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dominate them (Fig. 12a). The large size of the 2s-subshell electron clouds also affects a significant 

decrease in their ionization energy. 

 
Fig. 12. Dimensional models for closed electron shells of an atom: 

a) Z = 4; b) Z = 10 

Рис. 12. Размерные модели для закрытых электронных оболочек атома: 

a) Z = 4; b) Z = 10 

 

Let's pay attention to the size of the electron clouds of the p-shell, as well as the size of the electrons 

of other shells (with the exception of s-electrons). Considering that the actual sizes of these electron 

clouds depend on the orbital radii of the electrons themselves, in our case, to obtain a visual image of the 

atom, as well as in Figure 11, we assume the radii of the electron clouds equal in magnitude to half of 

their orbital radii (Figure 12b). In other words, the dimensions of the 2р-electrons should be close to the 

diameters of the 2s-electrons, but in this case all the lower shells would be hidden from view and the 

resulting visual image of the atom could not be analyzed. 

Also, Figure 12 clearly shows that 1s- and 2s-electrons for Z=4 and Z=10 have different ratios of 

the sizes of electron clouds. This is due to a change in the scale of representation of atoms, as well as due 

to disproportionate changes in the size of clouds at different atomic numbers. 

Atomic numbers Z=18 and Z=36. Let us now proceed to the consideration of subsequent atoms 

having completely closed subshells in the ground state. These include atoms containing the number of 

electrons: Z = 18 and Z = 36 (fig. 13).  

 

 
Fig. 13. Dimensional models for closed electron shells of an atom: 

a) Z = 18; b) Z = 36 

Рис. 13. Размерные модели для закрытых электронных оболочек атома:  

a) Z = 18; b) Z = 36 

 

In the case of a closed electron shell of an atom with a atomic number Z = 18, it is clearly seen that 

the main role is played by the electrons of the 3p subshell. Even the appearance of 3d electrons in an atom 
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with Z = 36 practically did not affect the dominant position of 3p electrons.  

Atomic numbers Z=54 and Z=86. It is somewhat more difficult to determine the electron dispersal at 

Z = 54 and at Z = 86. So, 3d electrons "fall through" and are located near 2p electrons. Further, the dispersal of 

subsequent 4f electrons is also observed closer to the nucleus than that of the 4s and 4p electrons (Fig. 14). 

As can be seen from the dimensional models of the electron shell of the atom, the positions of the d- and f-

electrons are most deeply immersed in the atom. This phenomenon can be explained by a kind of "pushing 

apart" of electrons from nearby subshells, which allows d- and f-electrons to penetrate into deeper layers of the 

atom. 

 

 
Fig. 14. Dimensional models of atomic electron shells: 

a) Z = 54; b) Z = 86 

Рис. 14. Размерные модели электронных оболочек атома: 

a) Z = 54; b) Z = 86 

 

Atomic number Z=102. A visual analysis of the dimensional model of the electron shell of an atom 

at Z = 102 (Fig. 15) shows that for a 7s-subshell, with an electron ionization energy of Ei (Z=102) = 6.66 

MeV, the selection of an interval at which the ionization energy has a similar value for a 5f-subshell leads 

to the value: ΔR = 1.56 . 

 

 
Fig. 15. Dimensional model of the electron shell of an atom at Z = 102 

Рис. 15. Размерная модель электронной оболочки атома при Z = 102 

 

Even if ns-electrons are excluded from consideration, it can be seen that the general picture of the 

predominance of np-electrons, during the formation of electron shells, is preserved for almost the 

majority of atomic atomic numbers. 
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CONCLUSION 

In the present study, we have considered the spatial structure of the electron shell of an atom in the 

normal state. Particular attention was paid to the issue of visualization, as well as a new approach to 

determining a set of quantum numbers. We were also able to show that when considering the location of 

electron clouds, one can visually observe the "arrangement" of electrons near the nucleus of an atom, 

which will be of particular importance for the correct interpretation of theoretical and experimental data. 

The proposed model of the atom electron shell is a kind of graphical extension of the shell model, 

since it makes it possible to represent the spatial structure of the atom as a set of shells consisting of 

electron clouds. The obtained results of the study allow us to conclude that using computer simulation, 

based on such parameters as the orbital radius and ionization energy, as well as quantum numbers; it is 

possible to visualize the spatial structure of the electron shell of the atom. Thanks to the visualization of 

the computer model, the properties exhibited by electrons in the atom and previously described as rules 

and principles become so obvious that they do not require postulation. 

In this work, we focused on the possibility of visualizing and analyzing the structure of the electron 

shell of an atom. We have shown that the currently available set of principles and rules for the formation 

of the electron shell of an atom is sufficient to overcome the limitations imposed by the non-visibility 

principle [17]. 

The main results obtained in this study are as follows: 

1. A method has been developed for computer simulation of the spatial structure of the electron 

shell of an atom, which includes a detailed presentation and justification of the proposed approach. 

2. The concept of the basic quantum number is introduced, which makes it possible to expand the 

possibilities of describing the distribution of electrons in an atom. 

3. A simple computer model has been developed that makes it possible to methodically and in a 

more convenient form show the application of the principles and rules responsible for the order of 

electron settlement in explaining the shell model of an atom. 

4. The possibility of visualization of the spatial structure of the electron shell of the atom for the 

ground electronic state of the atom in the form of a dimensional computer model is shown.  

The possibility of determining the spatial arrangement of electrons in individual subshells will 

allow, in the future, refining and expanding the methods and approaches used to study the electron shell 

of an atom. 
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