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Historical Context

Ancient origins

The concept of atoms was first proposed by ancient Greek philosophers, including Democritus and
Leucippus, who theorized that matter is composed of indivisible particles.

Scientific revolution

During the Renaissance era, advancements in science paved the way for experimental approaches,

eventually leading to the refinement of atomic theory.

Modern era

Discoveries like electron behavior, quantum mechanics, and subatomic particles reshaped the
understanding of atoms in the 20th century.




Democritus and Atomism

Indivisible particles

Democritus introduced the term "atomos," meaning indivisible,

suggesting that all matter is composed of small, indestructible
units.

Philosophical foundation

His ideas included the notion that atoms differ in size, shape, and
motion, which accounted for diverse material properties.

" Limited acceptance

Atomism was not widely embraced in ancient times due to lack of
experimental evidence and competing theories like Aristotle's
concept of continuous matter.



Dalton's Atomic Theory

Fundamental postulates

Dalton proposed that elements are made of identical, indivisible atoms and that chemical reactions involve
rearrangement, combination, or separation of these atoms.

Law of definite proportions

He asserted that compounds are formed from a fixed ratio of atoms, explaining consistent chemical formulas.

Scientific credibility

Dalton’ sideas were supported by experimental observations, establishing atomic theory as a cornerstone of modern
chemistry.
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Protons

o1 | Positive charge

Protons carry a positive electrical charge, balancing the atom's

overall neutrality when paired with electrons.

02 | Nucleusrole

Located in the atomic nucleus, protons contribute to the

atom’ sidentity (atomic number) and affect its chemical

properties.




Neutrons

Neutral charge ——G
Neutrons

Neutrons have no electrical charge, playing a stabilizing role
within the nucleus by offsetting the repelling forces of
positively charged protons.

Mass contribution

Neutrons add significant weight to the atom, directly

Protons

impacting its atomic mass and isotopic characteristics. D



Electrons

01| Negative charge

Electrons carry a negative charge, balancing the positive charge of protons and determining the atom’ s

overall charge state.

02 | Bondingagent

Found in orbitals around the nucleus, electrons are critical for forming chemical bonds, including ionic and

covalent interactions.
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Thomson's Plum Pudding Model

1 Electronsdiscovery

Thomson identified the electron as a negatively charged particle, proving atoms
are notindivisible.

QD " "
2 Positive "soup
The model proposed that electrons are embedded in a diffuse, positively charged
sphere, resembling a "plum pudding."

3 Limitations
This model failed to account for the distribution of mass and did not explain the
atom's stability or radiation emission.



Rutherford's Nuclear Model

~

~
Alpha scattering

experiment

Rutherford's gold foil
experiment demonstrated that
most of an atom is empty
space, with some particles
deflected due to a dense
central core.

B

Discovery of the
nucleus

He introduced the concept of
a small, dense, positively
charged nucleus at the center

of the atom.

Challenges

While groundbreaking, the
model could not explain
electrons' stability in orbit and
their energy distribution.

SR —



Bohr's Atomic Model

Quantized energy levels

Bohr suggested that electrons orbit the nucleus in fixed energy levels, preventing orbital

collapse due to energy stabilization.

Spectral explanation

The model successfully explained the discrete spectral lines of hydrogen, linking them to

electronic transitions between quantized levels.

Limitations

The theory could not adequately describe atoms more complex than hydrogen and
ignored electron wave properties.
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Electron Orbitals

Principle of energy levels Orbital shapes and regions

Electrons occupy orbitals starting from the

Describe the probable regions around the nucleus where
electrons are likely to be found.

Pauli exclusion principle

lowest available energy level.

No two electrons in an atom can have the same set of four
quantum numbers.



Heisenberg Uncertainty Principle

Principle description

It states that one cannot simultaneously determine an electron's exact position and momentum,

highlighting the probabilistic nature of quantum systems.

Impact on atomic models

This principle refuted earlier classical models of defined electron trajectories, replacing them with

quantum mechanics' wave functions.

Real-world implication

The uncertainty helps explain phenomena like spectral line broadening and the stability of atoms, as

electrons cannot spiral into the nucleus.



Quantum Numbers

Principal quantum
number (n)

Defines the main energy
level of an electron,
determining its distance
from the nucleus and
overall energy.

Angular momentum
quantum number (l)

Indicates the shape of the
orbital, distinguishing
betweens, p,d, and f
orbital types.

Magnetic quantum
number (m_l)

Speaks to the orbital's
orientation in three-
dimensional space, adding
further complexity to
electron configuration.

Spin quantum
number (m_s)

Describes the electron's
intrinsic spin (£ 2),
critical for the Pauli
exclusion principle, which
dictates that no two
electrons in an atom can
share the same quantum
state.
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Atomic Number

Element identification

The atomic number defines the number of
protonsin an atom’ s nucleus, uniquely
identifying each element and its position on
the periodic table.

Table organization

Elements are arranged in ascending order of
atomic numbers, creating periodic patterns of
chemical properties across rows and columns.



Atomic Mass

Isotope influence

Atomic mass reflects the weighted average of
an element’ sisotopes, which differ in neutron
numbers, impacting mass without altering
chemical identity.

Practical significance

Knowledge of atomic mass aids in molecular
calculations and balancing chemical equations,
ensuring precision in scientific measurements.



Periodic Trends

Electronegativity

A periodicincreasein
electronegativity across periods (left
to right) indicates stronger
attraction for electrons, crucial for
predicting bond types.

\\,

Atomic radius

Moving down a group, atomic size
grows due to additional electron
shells, while across a period,
increased nuclear charge pulls
electrons closer, reducing radius.
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lonic Bonds
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Electron transfer

lonic bonds form when one atom donates electrons to another, resulting in positively and
negatively charged ions. This transfer often occurs between metals and nonmetals.

Electrostatic attraction

The oppositely charged ions are held together by a strong electrostatic force, creating a
stable bond.

Example compounds

Sodium chloride (NaCl) is a classic example of an ionic bond, where sodium donates an
electron to chlorine, forming a crystal lattice structure.



Covalent Bonds

=

Electron sharing

In covalent bonds, atoms share
pairs of electrons to achieve a full
outer electron shell, typically
occurring between nonmetal
atoms.

o

Bond strength

The strength of a covalent bond
depends on the number of
shared electrons; single, double,
and triple bonds represent
varying levels of strength and
stability.

o

Molecular examples

Water (H,0) exemplifies
covalent bonding, with each
hydrogen atom sharing
electrons with oxygen to form a
stable molecular structure.




Metallic Bonds

® Delocalized electrons

Metallic bonds arise from a lattice of metalions surrounded by a "sea of electrons" that move freely, providing stability and unique
properties.

® Bond characteristics

These bonds explain why metals display high conductivity, ductility, and luster, as the free-floating electrons allow for energy transfer
and flexibility.

® Wide application

Metallic bonding is responsible for the structural strength and durability of metals like aluminum, copper, and steel used in
construction and electronics.
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Stable and Unstable Isotopes
Radioactive decay

Unstable isotopes, or radionuclides,
undergo decay to release energy and
particles, transforming into a more stable
form, often changing elementsin the

process.

Stability factors

Stable isotopes have a balanced ratio of
protons to neutrons, creating nuclei that
don't decay over time, while unbalanced

nuclei result in instability.

Natural prevalence

While some isotopes occur naturally (e.g.,
carbon-12 and carbon-14), others are
artificially created for specific uses.




Types of Radioactive Decay

Alpha radiation

Emission of an alpha particle (2 protons and 2 neutrons) leads to a
decrease in both atomic and mass numbers of the original isotope.

A neutron in the nucleus converts into a proton or vice versa,
resulting in the emission of a beta particle (electron or positron)
and slightly altering the element.

ALPHA

i
() PARTCLE

Gamma radiation e

NUCLEUS o’ J'
High-energy electromagnetic waves are released without -

changing the atomic structure, often accompanying alpha or beta \ DAUGHTER
decay. s/‘

.
® Betaradiation
®



Applications of Isotopes

- TS

Radioisotopes like iodine-131 and technetium-99 are used in
diagnostics, cancer treatment, and imaging techniques such
as PET scans.

Carbon dating

Carbon-14 allows archaeologists to determine the age of
organic materials, enabling the study of historical and
environmental changes.

NI Energy generation

Uranium-235 and plutonium-239 are key in nuclear reactors,
where their controlled decay produces vast amounts of energy
for electricity.
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Nuclear Energy

Energy generation Medical applications
Utilize nuclear fission to produce electricity Employ radioactive isotopes for diagnostics
in nuclear power plants efficiently. and treatment in nuclear medicine.

Scientific research

Facilitate experiments in particle physics
and materials science using nuclear reactors
and accelerators.



Semiconductor Technology

Atomic precision

Manipulating atomic structures
enables the design of
semiconductors with tailored
electrical properties, optimizing
device performance.

Miniaturization

Advances in atomic control
allow for the creation of
nanoscale transistors,
facilitating the production of
smaller, faster, and more
energy-efficient electronic
devices.

Quantum effects

Investigating atomic
interactions helps drive
innovations in quantum
computing, revolutionizing data
processing and problem-solving
techniques.



Spectroscopy

Element identification

Spectroscopy exploits unique atomic emissions or absorption patterns to accurately

identify elementsin a sample.

Material analysis

By studying interactions of light with atomic structures, scientists can determine
chemical composition, purity, and properties of substances.

Medical diagnostics

Atomic emission and absorption features aid in imaging techniques and diagnostics,
such as identifying tissue abnormalities or measuring isotopic concentrations.
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Schrodinger's Wave Equation

Foundation of quantum mechanics

Offers a mathematical model to describe the behavior of electrons in atoms.

Probability interpretation

Determines the likelihood of finding an electron in a specific region of space.

Energy quantization

Defines discrete energy levels for electrons based on their wave functions.



Atomic Clocks

9 Technological applications

Facilitate advancements in GPS, telecommunications, and

fundamental scientific research.

International time standards

Support the definition of Coordinated Universal Time (UTC) for

global synchronization.

ﬂ Precision measurement
Use hyperfine transitions in atoms to achieve unprecedented levels of time

accuracy.




Higgs Boson and Subatomic Research

Research objectives

Explore the properties and interactions of the Higgs boson to deepen understanding of

particle physics.

Experimental technology

Develop advanced instruments such as particle colliders to detect and analyze

subatomic particles.

Scientific significance

Enhance knowledge of fundamental forces and matter composition, contributing to

theoretical and applied advancements.
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