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History of the Periodic Table

Early classifications transitioned into the modern periodic table with advancements in
atomic theory.

Dmitri Mendeleev organized elements by atomic weight and predicted undiscovered
elements.

The periodic table evolved with the discovery of atomic numbers and isotopes.



Structure of the Periodic Table

lonization Energy

Electron Affinity

Horizontal rows (periods) reflect increasing atomic numbers, while vertical columns
(groups) group elements with similar chemical properties due to shared valence electron
configurations.

Properties like atomic radius, electronegativity, and ionization energy change predictably
across periods and down groups, providing insights into element behavior.

Elements are divided into metals, nonmetals, metalloids, and specific groups like noble
gases, alkali metals, and halogens, based on shared characteristics.



Importance in Chemistry

Predictive power e

The table helps chemists anticipate reactivity, bonding

tendencies, and properties of elements based on their
position within the table.

Fundamental framework

« ©

chemical information and simplifying complex data about

It serves as a universal reference tool for organizing

substances.

Applications in research e

From material design to medical breakthroughs, the periodic

table enables the systematic exploration of new compounds
and elements.
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Metals

Metals are excellent
conductors of heat and
electricity due to their free-
flowing electrons, making
them essential for wiring
and industrial
applications.

Metals can be hammered
or shaped into thin sheets
without breaking, enabling
their use in construction,
transportation, and
packaging.

Most metals have a shiny
appearance due to their
ability to reflect light,
which is why they are often
used in jewelry and
decorative items.

Common metals include
iron (used in steel
production), copper
(important for electrical
wiring), and aluminum
(lightweight and
corrosion-resistant).



Nonmetals

Nonmetals are poor conductors of heat and electricity, making them ideal for use as insulators in various applications
such as electronics and thermal barriers.

Unlike metals, nonmetals tend to break or shatter rather than bend, reflecting their weak atomic structure.

Nonmetals can exist as solids (e.g., sulfur), liquids (e.g., bromine), or gases (e.g., oxygen), showcasing a wide range of
physical forms.

Key nonmetals include oxygen (crucial for respiration), carbon (found in organic compounds), and nitrogen (used in
fertilizers).



Metalloids

Dual properties

Metalloids exhibit both metallic and nonmetallic

Semiconductors

characteristics, such as moderate conductivity and Silicon and other metalloids are valuable in electronics

brittleness, allowing varied functional applications. due to their ability to conduct electricity under specific
conditions.
Reactivity
Metalloids often act as intermediaries in chemical Examples

reactions, playing roles in both metallic and nonmetallic Silicon (used in computer chips), boron (found in

reactions. detergents and glass production), and arsenic (used in

alloys and pesticides).
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Atomic Radius

raction, outer

Atomic radius decreases from left to right across a period due to ne pulled in leae

L R |
o

increased nuclear charge pulling electrons closer to the nucleus.

Atomic radius increases down a group as outer electron shells are
added, increasing the distance from the nucleus.

.
,,,,,
°of

Inner electrons provide a shielding effect, reducing the effective -}

Chlo

nuclear charge experienced by outer electrons, thereby affecting

atomic size. atomicra



lonization Energy

lonization energy is the
minimum energy necessary to
remove an electron from a
neutral atom in its gaseous
state, reflecting the atom’ s
electron retention strength.

lonization energy decreases
down a group, as larger atoms
with more electron shells have
weaker nuclear attraction to
their outermost electrons.

lonization energy increases
across a period due to stronger
nuclear pull and smaller atomic
radii, making electron removal

more difficult.



Electronegativity

Electron attraction

Period trend

Group trend

4

Electronegativity measures an atom’ s ability to attract and hold
electrons within a chemical bond, influencing bonding behavior.

Electronegativity increases across a period as atoms become
smaller and their nuclear charge strengthens, enhancing their pull
on shared electrons.

Electronegativity decreases down a group as larger atomic radii
and increased shielding reduce an atom's ability to attract
bonding electrons.
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Alkali Metals

React readily with water to produce hydrogen gas and alkali
solutions.

Are lighter compared to other metals and often float on water.

Tend to lose one electron, forming +1 charged ions in chemical
reactions.




Halogens

Halogens, including fluorine (F), chlorine (Cl), and
iodine (l), are highly reactive due to their seven valence
electrons, making them eager to gain one more electron
to achieve a stable configuration.

Chlorine is vital for water purification, iodine is
essential in thyroid function, and fluorine is found in
dental products like toothpaste.

In their natural states, halogens form diatomic
molecules (e.g., F,, Cl,), showcasing their tendency to
bond with identical atoms.

Many halogens are highly toxic and corrosive in their
elemental forms, necessitating careful handling.



Noble Gases

Noble gases such as helium (He), neon (Ne), and argon (Ar) are chemically inert because their full valence electron
shells confer stability, making them unlikely to form compounds under normal conditions.

They exhibit low boiling and melting points and remain gaseous under standard conditions, making them useful
in specialized applications.

Helium is used in cryogenics and as a lighter-than-air gas, while neon and argon are widely used in lighting
technologies and lasers.

Under extreme conditions, some noble gases like xenon (Xe) can form compounds, showcasing rare deviations
from their usual inertness.
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Horizontal Periodicity

Atomic radius

Generally decreases from left to

right within a period due to
increasing nuclear charge.

_AR

1‘:6

lonization energy Electronegativity
Increases across a period as Tends to increase across the
electrons are more tightly held by period, reflecting stronger
the nucleus. attraction for bonding electrons.
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Vertical Periodicity

Moving down a group, atomic
radius increases due to the
addition of electron shells.

Reactivity often intensifies as
you move down metal groups
(e.g., alkali metals) due to
weaker nuclear attraction.

Elements lower in a group
generally have reduced
electron affinity, as added
electrons are further from the
nucleus.

Elements in the same group
share the same number of
valence electrons, leading to
similarities in chemical
behavior.



Relation to Element Properties

Trends in periodicity allow chemists to Knowledge of periodicity guides the

predict how elements will react (e.g., metals development of alloys, semiconductors, and
forming cations, nonmetals forming anions). other materials with tailored properties.
Understanding periodic traits (e.g., essential Periodicity helps in hypothesizing the

trace elements) is critical for studying properties of yet-to-be-discovered or
biological systems and nutrition. synthesized elements in higher periods or

groups.
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Reactivity of Metals

Metals in groups 1 and 2 (alkali and alkaline earth metals) are highly reactive due to their
tendency to lose electrons easily; reactivity increases down the group.

Increased electron shells and shielding lower the effective nuclear charge on outer electrons,

making them easier to remove in heavier metals.

These are less reactive than alkali metals because their valence electrons are held more tightly
due to higher nuclear charge and additional electron configurations.




Reactivity of Nonmetals

KEY
[ <o [Jrsae [Jas29 [ Nonmetals tend to gain or share electrons, making them highly reactive in processes like

[ J1o14 [Joo-24 [ Jao-as forming covalent bonds or ionic compounds.

Reactive nonmetals, such as halogens, readily combine with metals or other nonmetals
due to their high electronegativity and desire to complete their octet.

Nonmetal reactivity generally decreases as you move down the groups, since larger
atomic size reduces the ability to attract electrons effectively.




Valence Electrons

The number and arrangement of valence electrons determine how elements interact in chemical reactions, such as
forming compounds or bonding.

Elements within the same group have similar chemical properties due to identical numbers of valence electrons,
dictating their likely oxidation states.

Many elements react to achieve a stable electron configuration resembling noble gases, either by gaining, losing, or
sharing electrons.
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Technology and Electronics

Essential in semiconductors, silicon powers microchips and transistors, forming the foundation of
computers, smartphones, and other digital devices.

With its high conductivity, copper is widely used in wiring, circuit boards, and connectors for efficient
and reliable electrical transmission.

Elements like neodymium and dysprosium are critical for manufacturing magnets in electric motors,
wind turbines, and advanced audio equipment.



Medicine

PLATINUM

- il
Platinum-containing Platinum's resistance to Platinum
compounds such as corrosion means it’s used metals u
isplatin are important in jewellery and as an converters in

:hemotherapy drugs. electrode material, catalyst for other reactic
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lodine

Vital for thyroid health, iodine is used in iodized salt and
antiseptics, as well as in contrast agents for medical imaging.

Gold

Beyond its decorative use, gold is employed in dentistry, precision
medical tools, and as anti-inflammatory agents in rheumatoid
arthritis treatments.

Platinum

This metal is a cornerstone of cancer treatment, being a key
component in chemotherapy drugs such as cisplatin to destroy
cancer cells.



Construction and Industry

Used in steel production, iron is
fundamental for building infrastructure
like bridges, skyscrapers, and
transportation networks due to its
strength and durability.

Lightweight and corrosion-resistant,
aluminum is favored in construction,
aerospace, and packaging industries for its

versatility.

Known for its strength-to-weight ratio,
titanium is integral to aircraft
manufacturing, medical implants, and even

sports equipment.



Experimental Techniques to
Study Elements



Spectroscopy

Spectroscopy allows scientists to identify elements by analyzing the light emitted or
absorbed at specific wavelengths characteristic of each element.

Techniques like atomic absorption spectroscopy (AAS) and emission spectroscopy reveal
details about electron arrangements and energy levels.

Methods such as infrared (IR), ultraviolet-visible (UV-Vis), and mass spectroscopy
facilitate the study of molecular structures, bonds, and isotopes.



Crystallography

X-ray crystallography provides
detailed insight into the atomic
arrangement of elements and
compounds by studying diffraction
patterns.

Understanding intermolecular
forces and atomic bonds becomes
possible by analyzing the geometry
and spatial relationships of atoms.

Crystallography supports
advancements in material science,
such as designing semiconductors
and structural materials with
optimized properties.



Analytical Chemistry

Elemental composition

Techniques like titration, chromatography, and atomic
mass spectrometry are employed to quantify and

identify elements in mixtures or compounds.

J

Purity analysis Trace detection
Analytical chemistry ensures the purity and consistency The sensitivity of modern instruments allows for
of elemental samples, crucial in experimental and detecting trace elements in environmental samples,

industrial applications. biological tissues, and extraterrestrial materials.
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Discovery of New Elements

Utilize advanced technologies such as particle Foster international partnerships in experimental laboratories to
accelerators and spectroscopy for element combine expertise and resources.

identification.

Conduct rigorous testing to ensure the stability and
classification of newly discovered elements.



Radioactive Elements

Commonly used as fuel in nuclear Utilized in nuclear power

reactors and as a key material for generation and as a key

nuclear weapons. component in nuclear weaponry.

A naturally occurring radioactive
gas that poses health risks in
poorly ventilated spaces.



Environmental Impacts

1 Mercury pollution

Negative effects on aquatic ecosystems and human health due to industrial
discharge and improper disposal.

2 Excessive nitrogen usage

Contributes to soil acidification and water eutrophication, causing damage to
biodiversity.

3 Carbon emissions

Accelerates global warming and climate change, impacting weather patterns and
ecosystems.
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