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Atomic Models: Bohr Model and Quantum Mechanical Model

1. Bohr Model: y3 z3903

The Bohr model, proposed by Danish physicist Niels Bohr in 1913, was a significant step in

understanding atomic structure, especially the hydrogen atom. It introduced the concept of

quantized energy levels in an atom, which helped explain the atomic spectra.
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» Core Concepts:
Electron Orbits: According to Bohr, electrons revolve in specific, circular orbits around the
nucleus, much like planets orbiting the sun.
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Quantized Energy Levels: The orbits have discrete energy levels, and electrons can only exist in
these specific orbits. The energy levels are quantized and represented by integers (n=1, 2, 3, .).
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Energy Absorption and Emission: When an electron moves from a higher energy orbit to a lower
one, energy is emitted in the form of electromagnetic radiation (light). Conversely, when an
electron absorbs energy, it jumps to a higher orbit.
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Angular Momentum Quantization: Bohr also postulated that the angular momentum of an electron
in a given orbit is quantized and is an integer multiple of H=h/2r , where h is Planck’s constant.
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> .Limitations of the Bohr Model: )3 73355 Slddxe
Not Applicable for Multi-Electron Atoms: The Bohr model works well for hydrogen but fails to
explain the spectra of atoms with more than one electron.
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Does not Account for Quantum Mechanical Effects: The Bohr model treats electrons as particles
in specific orbits, whereas quantum mechanics describes them as existing in probabilistic
wavefunctions.
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Lack of Explanation for Fine Structure: The model does not explain the fine details in spectral
lines, which are later explained by quantum mechanics.
plasinl BsY puwds o @lg cadhall bghs 3 4881 Juolid! z3gaidl i Y (48BN Juolatd] pudl pac
EWIRTE

2. Quantum Mechanical Model: =Sl SsilSzal) 73 gail)

The quantum mechanical model, also known as the Schrodinger model or the wave mechanical

model, emerged in the 1920s and replaced the Bohr model as the more accurate description of

atomic structure. It incorporates the principles of quantum mechanics, which is the theory that

governs particles at very small scales.
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> Core Concepts: dwlud gudlioll
Wave-Particle Duality: Electrons exhibit both particle-like and wave-like properties. The dual
nature of electrons is described by the de Broglie hypothesis, where particles can also behave as
waves.
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Electron Cloud and Probability: Unlike Bohr's model, where electrons were treated as particles in
fixed orbits, quantum mechanics treats electrons as existing in "clouds" of probability. The exact
position of an electron is not determinable; instead, there is a probability distribution
(wavefunction) that describes where the electron is likely to be found.
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Wavefunction (¥): The wavefunction, denoted by ¥ , describes the quantum state of a system. The
square of the wavefunction, | ¥|°, represents the probability density of finding an electron in a
particular region of space.
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Heisenberg Uncertainty Principle: This principle states that it is impossible to simultaneously
know the exact position and momentum of a particle. The more precisely one is known, the less
precisely the other can be known. This is fundamental to the quantum mechanical model and
explains why electrons do not follow fixed orbits like in Bohr's model.
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Quantum Numbers: In quantum mechanics, electron states are described by four quantum
numbers:
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1. Principal Quantum Number (n): Specifies the energy level and size of the orbital.
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2. Angular Momentum Quantum Number (I): Describes the shape of the orbital (s, p, d, f).
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3. Magnetic Quantum Number (m): Describes the orientation of the orbital in space.
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4. Spin Quantum Number (s): Describes the spin of the electron, which can be either +1/2 or -1/2.
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Schrodinger Equation: The behavior of an electron in an atom is governed by the Schrodinger
equation, which is a mathematical expression that describes the wavefunction of the electron.
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Orbitals: In the quantum mechanical model, electrons occupy orbitals (regions in space where
there is a high probability of finding an electron). The orbitals have different shapes depending on
the quantum numbers. Common orbitals include:
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o s orbitals: Spherical in shape.
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o p orbitals: Dumbbell-shaped.
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o d orbitals: More complex, cloverleaf shapes.
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o forbitals: Even more complex shapes.
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Example (Hydrogen Atom): For the hydrogen atom, the wavefunction ¥ depends on the quantum
numbers. The probability of finding an electron in a certain region is related to| V| .
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» Comparison of the Two Models:
Bohr Model: Simple and effective for explaining the hydrogen atom and its spectra but fails for
more complex atoms.
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Quantum Mechanical Model. More accurate, based on principles of wave-particle duality, and
provides a detailed, probabilistic description of electron behavior in atoms.

2 gnd Wty Ghuass Bioy 3929 omnaly drgoll drlgd)l tsole e datay 85 58T 1294501 (S8l 3901
bl § @by IV



Lec (2)

The quantum mechanical model is the current accepted model for atomic structure and behavior.

It is more comprehensive and mathematically rigorous than Bohr’s model, and it successfully

explains phenomena that Bohr’s model could not, such as the fine structure of spectral lines and

the behavior of multi-electron atoms.
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> Atomic Bonding Types in Materials Scienceslga)l ol (§ 4yl Jaslg ! &bsi
The properties of materials are heavily influenced by the types of atomic bonds that hold their
atoms or molecules together. These bonds determine the material's strength, electrical conductivity,
melting point, and many other physical properties. Below is an in-depth explanation of the major
types of atomic bonding:
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1. Ionic Bond 43991 dlayl i
Definition: Ionic bonding occurs between atoms when one atom donates electrons to another,
leading to the formation of oppositely charged ions. These ions are held together by strong
electrostatic forces.
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Mechanism: Typically formed between a metal (which loses electrons) and a non-metal (which
gains electrons).
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Example: Sodium chloride (NaCl)
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Sodium (Na) loses one electron to become a positive ion (Na”).
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Chlorine (Cl) gains this electron to become a negative ion (CI").
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The oppositely charged ions arrange themselves in a crystal lattice, held together by strong
Coulombic forces.
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> Characteristics:

High Melting and Boiling Points: Due to the strong electrostatic forces between ions.
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Electrical Conductivity: In solid form, ionic compounds do not conduct electricity as ions are
fixed. However, in molten or aqueous states, they conduct electricity due to free-moving ions.
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Brittle Nature: When stress is applied, like-charged ions are forced close together, resulting in
repulsion and fracture of the crystal.
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Solubility: Typically soluble in polar solvents like water.
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2. Covalent Bond dmalud! daylyll
Definition: Covalent bonding occurs when atoms share one or more pairs of electrons to achieve

a stable electronic configuration, typically following the octet rule.
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Mechanism: Covalent bonds are typically formed between non-metal atoms with similar

electronegativities.
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Example 1: Diamond (pure carbon)( 2 09:,8J1) peledd!
Each carbon atom forms four covalent bonds with other carbon atoms, creating a tetrahedral
structure.
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Example 2: Silicon (Si) in semiconductors (Si) <dusgall olusil

Forms a covalent crystal lattice structure where each silicon atom bonds with four neighboring

atoms.

» Characteristics:
Strong Directional Bonds: Covalent bonds are highly directional, leading to specific molecular
shapes and structures.
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High Melting Points: Materials like diamond and silicon have strong covalent networks that

require a lot of energy to break.
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Poor Electrical Conductivity: In general, covalent compounds do not conduct electricity, as they

lack free electrons or ions (except for special cases like graphite).
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Hardness: Diamond is the hardest natural material due to its strong covalent network.
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3. Metallic Bond 45420 dayly

Definition: Metallic bonding occurs in metals, where atoms share a "sea of delocalized electrons"

that move freely throughout the metallic structure.
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Mechanism: Each metal atom contributes one or more of its valence electrons to form a cloud of
delocalized electrons, which are free to move throughout the entire metal lattice.
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Example 1: Copper (Cu) yel=dl
Copper atoms form a close-packed structure where delocalized electrons move freely, allowing
conductivity.
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Example 2: Aluminum (Al) psael¥l
Similar metallic bonding, making it lightweight and conductive.
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» Characteristics:
Good Electrical and Thermal Conductivity: The free electrons can move easily, allowing efficient

heat and electrical conduction.
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Ductility and Malleability: Metallic bonds are non-directional, allowing atoms to slide past one
another without breaking the bond, making metals easily deformable.
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Lustrous Appearance: Free electrons can absorb and re-emit light, giving metals their shiny
appearance.
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Variable Melting Points: Melting points vary depending on the strength of the metallic bond (e.g.,
tungsten has a very high melting point, while mercury is liquid at room temperature).

S35 cidle 5lgums da 53 it Jto) Adnall gl 855 amm lguai¥] bl Calisss 18 pita slgaasl ol

(48,01 Byl days 3 Wl 0S5 I



Lec (2)

4. Van der Waals Bonds ,JB ;0 0l Ly,
Definition: Van der Waals bonding is a weak interaction between molecules or atoms due to
temporary dipoles that form as electrons move around the nucleus.
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Mechanism: These interactions occur due to fluctuating charge distributions even in neutral atoms
or molecules.
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Example: Graphite <udly=|
Graphite has strong covalent bonds within the carbon layers but weak Van der Waals forces
between the layers, allowing the layers to slide over each other.
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» Characteristics:
Weak Bonding Strength: Easily broken by thermal energy or mechanical stress.
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Low Melting and Boiling Points: Found in substances like molecular solids (e.g., dry ice or iodine).
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Sofiness: Materials held by Van der Waals forces tend to be soft and easy.
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5. Hydrogen Bonding

Definition: A special type of dipole-dipole interaction where a hydrogen atom bonded to a highly

electronegative atom (like oxygen, nitrogen, or fluorine) interacts with another electronegative

atom.
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Mechanism: The highly electronegative atom pulls electron density away from hydrogen, creating
a partial positive charge on hydrogen, which is then attracted to lone pairs of electrons on nearby
electronegative atoms.
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Example 1: Water (H20)
The hydrogen atoms in one water molecule form hydrogen bonds with the oxygen atoms of
neighboring water molecules.
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Example 2: DNA (S35 el
The base pairs in DNA (adenine-thymine and guanine-cytosine) are held together by hydrogen
bonds.
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» Characteristics: duduzg)dag)! dasl)!

Moderate Bond Strength: Stronger than Van der Waals forces but weaker than covalent or ionic
bonds.
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High Boiling and Melting Points: Hydrogen bonding explains the anomalously high boiling point
of water compared to other molecules of similar mass.
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Surface Tension: Responsible for the high surface tension of water.
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Solubility: Hydrogen bonding allows substances like sugars and alcohols to dissolve easily in

water.
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» Summary of Bonding Types:
This detailed breakdown helps to understand how different bonding types influence material
properties and their applications in fields such as electronics, structural materials, and
nanotechnology.
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