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Objectives:  

 

By the end of this chapter, the learner will be able to: 

✓ Establish the ground-state electronic configuration of an atom or ion and 

represent it using conventional notations. 

✓ Describe the valence shell of an atom or ion. 

✓ Classify chemical elements within the periodic table. 
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 What is the Purpose of Atomic Theory? 
 

Atomic theory aims to describe the distribution of electrons in all elements and to study the 

consequences of this distribution on their physicochemical properties. 

I. Historical Development of Atomic Models: 

1.1 Early Concept of the Atom: 

• The term atom is derived from the Greek word “atomos”, meaning indivisible. This 

concept was first introduced by Leucippus (5th century BC) and later developed by his 

student Democritus. 

• According to Democritus, matter is composed of tiny, indivisible particles characterized 

by: 

✓ Extremely small size (invisible to the naked eye)  

✓ Indivisibility  

✓ Absence of internal structure (solid particles)  

✓ Eternal and immutable nature  

✓ Constant motion in empty space  

✓ Infinite variety of shapes explaining the diversity of matter  

Although philosophical, this model laid the foundation for modern atomic theory.  

1.2 Discovery of the Electron: 

• In 1897, J. J. Thomson discovered the electron, the first identified subatomic particle, 

carrying a negative electric charge. 

• He proposed the plum pudding model (1904), in which: 

✓ The atom is a positively charged sphere  
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✓ Electrons are embedded within this sphere  

This model marked the first attempt to describe internal atomic structure. 

 

 

Thomson’s Atomic Model 

 

I.3 Discovery of the Nucleus 

• In 1912, Ernest Rutherford (New Zealand physicist) discovered the atomic nucleus. 

• His new atomic model revealed that the atom's positive electric charge, along with most 

of its mass, is concentrated in a nearly point-like nucleus. 

• The atom's electrons orbit this nucleus like planets around the sun, with the attractive 

electric force (the electron's negative charge attracting the nucleus's positive charge) 

playing the role of gravitational force for planets—hence the name "planetary atomic 

model." 

• Notably, unlike the Greek atom, Rutherford's atom is neither indivisible (being 

composite) nor solid, as it consists mostly of empty space: the nucleus-electron distance 

is 100,000 times greater than the nucleus diameter itself (nucleus diameter = 10⁻¹⁵ m = 

1 femtometer). 

 

 

Rutherford's Atomic Model 
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I.4 Discovery of Nucleons : 

• Rutherford further established that the nucleus consists of: 

• Protons (positively charged particles)  

• Neutrons (neutral particles), discovered later in 1932 by James Chadwick  

• These particles are collectively called nucleons. 

 

Limitations of the Rutherford Model 

According to classical physics: 

• Accelerated charges (such as orbiting electrons) should emit energy  

• Electrons would consequently spiral into the nucleus  

This would result in an unstable atom, which contradicts experimental observations. 

1.5 Bohr’s Atomic Model: 

To resolve the defects of Rutherford's model, Niels Bohr (1913) introduced a new model based 

on quantum ideas. 

Bohr postulated that: 

• Electrons move in discrete circular orbits called stationary states  

• Each orbit corresponds to a specific energy level (E). 

• Electrons do not emit radiation while in a stationary orbit (E0)  

• Radiation is emitted or absorbed only when an electron transitions between energy 

levels. 

• The frequency "𝝂"of the emitted radiation is given by the equation: h ν = E1-E0 

This model successfully explains the hydrogen atom spectrum but remains limited for multi-

electron atoms. 



Dr. Asma Lehleh Page 6 

 

Upon deeper study of the atom and its electrons, it became clear that the organization was 

not as simple as initially thought: 

• Electron shells are subdivided into subshells.  

• Electron trajectories are not perfectly circular.  

These observations led to the development of quantum mechanics. 

I.6 Quantum (Wave) Model: 

 

• The Bohr model does not apply to atoms other than hydrogen, nor in the presence of 

electric or magnetic fields. 

• Diffraction experiments demonstrate that the electron exhibits wave characteristics. 

• The wavelength is determined by de Broglie's relation: 𝝀 =
𝒉

𝒎𝒗
 

• The electron is a particle with wave-like properties. 

• The wave nature of the electron is described by a wave function 𝜓obtained from 

Schrödinger's equation: 𝑯𝝍 = 𝑬𝝍 

The electron does not possess a definite trajectory, only its probability density 𝜓2is measurable. 

• The behavior of the hydrogen atom electron is described using four quantum numbers: 

n, l, m and S. 
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II. Quantum Numbers 

The state of an electron is defined by four quantum numbers. 

II.1 Principal Quantum Number « n » : 

• Defines the energy level (shell)  

• Values : 𝑛 = 1,2,3,… 

• Determines the size and energy of the orbital  

Maximum number of electrons per shell: 2n2 

II.2 Le nombre quantique secondaire (azimutal) « l » :  

• This second quantum number characterizes the subshell occupied by the electron. 

It is an integer that can be zero. 

• Its value depends on the principal quantum number n: 

0   l   n – 1 ( (yielding n possible values)  

• The electronic subshell is conventionally designated by a lowercase letter instead of the 

numerical value of l. 

Value of l                                  0      1       2       3       4       5 

Subshell symbol                        s      p       d       f       g       h 

II.3 The Magnetic Quantum Number « m »: 

• This third quantum number defines the possible orientations of the electron's angular 

momentum in the presence of an external magnetic field. It is an integer that can be 

zero.  

• Its value depends on the secondary quantum number l:  

−l≤m≤+l (yielding 𝟐𝒍 + 𝟏 different values and thus the number of orbitals) 
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To graphically represent this quantum number, a rectangle (quantum orbital) is used, which can 

hold 0, 1, or 2 electrons. 

 

A number of rectangles equal to the possible values of m will be represented. 

II.4 The Spin Quantum Number « S»: 

 Ce quatrième nombre quantique caractérise le mouvement de l'électron sur lui même et 

peut prendre seulement deux valeurs différentes : S =   1/2 

Pour symboliser  graphiquement ce nombre quantique de spin,  on utilise : 

- une flèche vers le haut () pour s = +1/2 ou vers le bas () pour s=-1/2.  

L'habitude veut que l'électron de spin + 1/2 (  ) soit placé à gauche et l'électron de spin -

1/2 ( ) à droite. 
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II.4 Representation of atomic orbitals (A.O): 

 

n l m A.O. Notation Energy 

1 0 0 1s -13.6 Z² 

2 → 4 degenerate A.O.   

 0 0 2s -13.6 Z²/4 

 1 -1 2px  

  0 2pz  

  1 2py  

3 → 9 degenerate A.O.   

 0 0 3s -13.6 Z²/9 

 1 -1 3px  

  0 3pz  

  1 3py  

 2 -2 3dxy  

  -1 3dyz  
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n l m A.O. Notation Energy 

  0 3dz²  

  1 3dxz  

  2 3dx²-y²  

 

 a) « s » Orbitals: 

 The s orbitals are characterized by 𝑙 = 0and 𝑚 = 0. 

All s orbitals (ns) exhibit spherical symmetry because the electron probability density varies 

identically in all directions around the nucleus. 

 

The s atomic orbital (A.O.) is represented by a single quantum box  

 b) « p » Orbitals : 

 Pour l = 1 ⇒ m = -1 , 0 ou 1 ⇒ 3 orbitales p  

On For 𝑙 = 1 ⇒ 𝑚 = −1,0,or 1 ⇒ 3p orbitals 

The px, py, and pz orbitals have identical shapes but are each elongated along one of the three 

perpendicular axes. 

A p orbital possesses a nodal plane, where the probability of finding the electron is zero. This 

plane passes through the nucleus. 
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Px Py Pz 

 

The p atomic orbitals (A.O.) with the same energy are represented by three quantum boxes.

 

 c) « d » Orbitals : 

For 𝑙 = 2 ⇒ 𝑚 = −2,−1,0, +1,+2 ⇒ 5d orbitals 

The five d orbitals (dxy, dxz, dyz, dx²-y², dz²) have complex cloverleaf or double-dumbbell 

shapes with four lobes each. 

Each d orbital contains two nodal planes passing through the nucleus. 

    
 

Dzx dz2 dxy  dx2-y2 dzy  

 

The d atomic orbitals (A.O.) with the same energy are represented by five quantum boxes.  
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III. Electronic Structure of Atoms : 

The general organization into energy levels is identical for all atoms. 

The goal is to place Z electrons (neutral atom) across the different levels, yielding the electronic 

configuration. 

The electronic configuration of an atom represents the distribution of its Z electrons in the 

ground state across atomic orbitals. 

This filling of atomic orbitals follows three fundamental rules: 

• Pauli Exclusion Principle 

• Hund's Rule 

• Klechkowski's Rule 

a) Pauli exclusion principale: 

• No two electrons have identical four quantum numbers  

• Maximum of two electrons per orbital with opposite spins 

b) Hund’s Rule : 

• Electrons occupy degenerate orbitals singly first.  

• Spins are parallel before pairing occurs. 

 

 

c) KLECHKOVSKI’s Rule : 

Klechkowski's Rule is an empirical method for determining the order of electron filling in 

orbitals. This method applies to electrically neutral atoms in their ground state. 

It is crucial for understanding atomic electronic structure and chemical behavior. 

The rule relies on a simple criterion: the secondary quantum number (\(l\)) and principal 

quantum number (\(n\)). In summary: 
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• Add 𝑛 + 𝑙for each orbital. 

• Fill orbitals in order of increasing 𝑛 + 𝑙. 

• When 𝑛 + 𝑙values are equal, fill the orbital with the lowest \(n\) first. 

 

 

 

 How to Determine an Atom's Electronic Configuration? 

Step 1: Identify the atomic number Z (number of electrons in a neutral atom). 

Step 2: List orbitals in Klechkowski's order (1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, 5s, 4d, etc.). 

Step 3: Fill orbitals respecting the three rules: 

• Pauli: Maximum 2 electrons per orbital (opposite spins) 

• Hund: Single electrons in degenerate orbitals first (parallel spins) 

• Klechkowski: Order of increasing 𝑛 + 𝑙, then lowest \(n\) 
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Notation: 1𝑠22𝑠22𝑝63𝑠1(superscript = number of electrons). 

 Applying Klechkowski's Rule, we first determine the electronic 

structure (also called electron cloud), which differs from the electronic configuration for 

elements with d and f subshells. 

Key Distinction (for Z > 20): 

• electron cloud: Full distribution including all orbitals (e.g., Fe: 1s² 2s² 2p⁶ 3s² 3p⁶ 4s² 

3d⁶) 

• Electronic configuration: Noble gas core + valence electrons (e.g., Fe: [Ar] 4s² 3d⁶) 

The cortège shows complete filling order per Klechkowski, while configuration prioritizes 

chemical reactivity via valence electrons. 

c).1 Simplified Electronic Configuration: 

The simplified electronic configuration uses the configuration of the preceding noble gas to 

abbreviate the inner shells, detailing only the valence electrons and the outermost subshell. 

For example, for bromine (Br), whose complete electronic configuration is: 

³⁵Br: 1s² 2s² 2p⁶ 3s² 3p⁶ 3d¹⁰ 4s² 4p⁵ 

The simplified configuration is written: 

³⁵Br: [Ar] 3d¹⁰ 4s² 4p⁵ 

This uses the electronic configuration of argon (Ar), the preceding noble gas, to represent the 

inner shells, then describes only the outermost subshells containing the valence electrons. 

c).2. Core and Valence Electrons: 

• Core electrons: inner shells  

• Valence electrons: outermost shell 
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IV. Periodic classification of elements : 

The periodic classification arranges 118 elements by increasing atomic number (Z) into 7 

periods (rows) and 18 groups (columns), revealing repeating chemical properties. 

Key Features 

• Periods: Horizontal rows (2-32 elements) – electrons fill new shells 

• Groups: Vertical columns – same valence electron configuration, similar reactivity 

• Blocks: s, p, d, f based on outermost orbital type 

Properties repeat predictably due to electronic structure, enabling Mendeleev's predictions 

and modern chemistry. 

 

 

VI. 2. Important families: 

- Noble Gases Family : 

Located in the last column (Group 18: He, Ne, Ar, Kr, …), characterized by exceptional 

stability. These elements are highly unreactive, explained by the octet rule: all have their 

outermost shell filled with 8 electrons (2 for helium). 

- Alkali Metals Family: 

Elements in the first column (Group 1: H, Li, Na, K, …) tend to form +1 cations (H⁺, Li⁺, Na⁺, 

K⁺, …) by losing their single valence electron. 

- Halogens Family: 

Elements in the second-to-last column (Group 17: F, Cl, Br, I, …) tend to form -1 anions (F⁻, 

Cl⁻, Br⁻, I⁻, …) by gaining one electron to complete their octet. 

IV.3 Chemical properties of atoms : 

The chemical properties of atoms depend primarily on their outermost electronic 

configuration, specifically the electrons in the valence shell. Key properties that indicate 

chemical behavior include: 

• Tendency to lose or gain electrons (determines cation/anion formation) 

• Electron cloud deformability (affects bonding and molecular geometry) 
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a) Atomic Radius 

• Decreases across a period  

• Increases down a group  

 

b) Ionization Energy (I.E.) 

Energy required to remove an electron: 

• Increases across a period  

• Decreases down a group  

 

c) Electron Affinity (E.A.) 

Energy released when gaining an electron. 
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d) Electronegativity (χ) 

Ability to attract electrons: 

• Increases across a period  

• Decreases down a group  
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