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Definition of Chemical Bond

Chemical bonds represent the forces of attraction holding 

atoms together to form compounds or molecules, resulting 

from electron sharing or transferring.

Atomic interaction

Bonds are nature’s way of stabilizing atoms, allowing them to 

reach lower energy states, increasing overall stability.

Energy minimization
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Types of Chemical Bonds

Covalent bonds

Created when atoms share 

electrons, commonly occurring 

between nonmetal atoms, 

leading to the formation of 

molecules with defined shapes.

02 Metallic bonds

Found in metals, where free-

floating valence electrons create 

a "sea of electrons" around 

metal ions, giving metals their 

ductility and conductivity.

03Ionic bonds

Formed by the complete 

transfer of electrons between 

atoms, typically between metals 

and nonmetals, creating 

oppositely charged ions that 

attract each other.
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Importance of Chemical Bonds

Structure formation

Chemical bonds are the basis for building 

molecules, crystals, and all matter, underpinning 

the physical and chemical properties of substances.

Reactivity regulation

Bonds determine how substances interact during 

chemical reactions, affecting synthesis, 

decomposition, and energy exchange.
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Formation of Ionic Bonds

01 Result of electrostatic forces holding ions together.

Attraction between oppositely charged ions

02 Involves the transfer of valence electrons from a metal to a non-metal.

Electron transfer mechanism

03 Achieves noble gas configuration for both participating atoms.

Formation of stable arrangements



Properties of Ionic Compounds

High melting/boiling points

Ionic compounds exhibit strong bonds between ions, requiring significant energy to break, leading to high 

melting and boiling points.

Electrical conductivity

In a molten state or when dissolved in water, ionic compounds conduct electricity due to the free movement of 

ions.

Brittleness

The rigid lattice structure of ionic compounds causes them to shatter under stress rather than deforming.

Solubility in water

Many ionic compounds dissolve well in water as the polar molecules of water surround and separate the ions.



Examples of Ionic Compounds

Sodium chloride (NaCl)
Common table salt is a classic example of an ionic 

compound, formed by the transfer of one electron from 

sodium to chlorine.
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Magnesium oxide (MgO)
A compound formed when magnesium transfers its two 

valence electrons to oxygen, creating a stable lattice 

structure.

02

Calcium carbonate (CaCO3)
Found in chalk, limestone, and marble, this ionic 

compound is crucial in construction and natural 

processes like the carbon cycle.

03

Potassium bromide (KBr)
Widely used in photography and as a medical 

ingredient, this ionic compound exemplifies the 

versatility of ionic bonding in various applications.
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Electron sharing

Covalent bonds form when atoms 

share electron pairs to achieve a 

full outer shell or stable electronic 

configuration.

01.

Formation of Covalent Bonds

Stability

This type of bond is common in 

nonmetals, allowing atoms to 

lower energy states and reach a 

more stable condition.

02.

Bond strength

The number of shared electron 

pairs determines bond strength, 

with single, double, and triple 

bonds progressively stronger.

03.



Polar and Nonpolar Covalent Bonds

Equal sharing
In nonpolar covalent bonds, electrons are equally shared due to similar 

electronegativity values, resulting in no charge separation.

Unequal sharing

Examples

Polar covalent bonds occur when one atom has a higher electronegativity, creating 

partial positive and negative poles.

Nonpolar bonds can be found in diatomic molecules like O₂, while polar bonds are 

common in molecules like H₂O.
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Properties of Covalent Compounds

Low melting and boiling points
Weak intermolecular forces result in relatively low temperatures required for phase 

changes.

Poor conductivity
Covalent compounds generally do not conduct electricity in solid or dissolved states due 

to the absence of free ions.

Solubility differences
Nonpolar covalent compounds dissolve in nonpolar solvents, while polar ones often 

dissolve in polar solvents like water.
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Electron Sea Model

High conductivity

Free movement of electrons

Attraction between positive metal ions and the sea of 

delocalized electrons creates a robust bond.

Electrons are delocalized and move freely within 

the metal lattice.

Delocalized electrons enable efficient conduction of electricity 

and heat.
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Strong metallic bonding



Properties of Metals

Luster

Metals appear shiny due to their ability to reflect light, a property resulting 

from the interaction of free electrons with electromagnetic waves.

Electrical and thermal conductivity

The mobility of delocalized electrons allows efficient transfer of electrical 

charge and heat, making metals ideal conductors.

Malleability and ductility

Metallic bonds' non-directional nature allows metal atoms to slide over 

one another without breaking, enabling metals to be shaped into thin 

sheets (malleability) or drawn into wires (ductility).



Properties of Metals

High melting and boiling points

Strong metallic bonds require significant energy to break, resulting in high melting and 

boiling points for most metals.



Applications of Metallic Bonding

Materials like copper and 

aluminum are widely used 

in electrical wiring due to 

their excellent 

conductivity and 

malleability.

Steel and aluminum are 

preferred for their 

strength, durability, and 

ability to be easily molded 

into various structural 

components.

Metals such as stainless 

steel and aluminum are 

chosen for pans and 

cooking utensils because 

of their capacity to 

distribute heat evenly.

Metallic bonding provides 

lightweight yet sturdy 

materials like titanium 

alloys, which are essential 

for vehicles and aircraft.

Electrical wiring
Construction 

industry
Thermal cookware

Automotive and 
aerospace industries
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VSEPR Theory

Predictive model

The VSEPR theory predicts 3D molecular geometry by arranging valence electron pairs to minimize repulsion between 

them.

Electron pair arrangement

Electron pairs (bonding and non-bonding) arrange as far apart as possible around a central atom to determine the 

molecule’s shape.

Geometric structures

Shapes include linear, trigonal planar, tetrahedral, octahedral, and others, depending on the number and type of electron 

pairs.

Versatility

It explains molecular structures for molecules like PCl₅ (trigonal bipyramidal) and water (bent/angular).



Hybridization

Hybridization involves 

combining atomic 

orbitals (e.g., s and p) 

into new hybrid 

orbitals, like sp, sp², or 

sp³, to explain 

molecular shapes and 

bonding.
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Orbital mixing

The type of 

hybridization correlates 

with molecular 

geometry (e.g., sp² for 

trigonal planar, sp³ for 

tetrahedral).

Shape 

determinatio

n
Hybrid orbitals result in 

stronger, more stable 

bonds through optimal 

overlap of electron 

clouds.

Bond strength

Explains bonding in 

complex molecules, 

such as sp³d for trigonal 

bipyramidal or sp³d² for 

octahedral geometries.

Advanced 

scenarios



Geometric influence

Symmetrical geometries (e.g., linear, 

tetrahedral) tend to result in non-

polar molecules, even if bonds are 

polar.

Polarity criteria

Molecular polarity depends on the 

asymmetry of charge distribution, 

influenced by bond dipoles and 

molecular geometry.

Practical impact

Polarity affects physical properties 

like boiling point, solubility, and 

interactions with other compounds.

Dipole moments
Molecules like water have polar 

bonds and asymmetric geometry, 

resulting in a net dipole moment.

Molecular Polarity
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Hydrogen Bonding

Attraction between a hydrogen 

atom bonded to a highly 

electronegative atom (N, O, F) 

and another electronegative 

atom.

Definition Influence Applications

Responsible for unique 

properties like high boiling 

points and surface tension in 

substances like water.

Plays a critical role in biological 

structures such as DNA and 

protein folding.



Polar molecule attraction

Dipole-dipole forces arise between molecules that have permanent dipoles, where the positive end of one molecule is 

attracted to the negative end of another.

Moderate strength

These forces are stronger than London dispersion forces but weaker than hydrogen bonds, impacting the boiling and 

melting points of polar substances.

Example substances

Compounds like HCl and CH3F exhibit dipole-dipole interactions due to their asymmetrical molecular structures and 

partial charges.

Dipole-Dipole Forces



These forces occur due to the momentary distribution of electrons around atoms or 

molecules, creating temporary dipoles that induce attraction.

London Dispersion Forces

Temporary dipoles

London dispersion forces exist in all molecules, regardless of polarity, but are the only 

intermolecular forces in non-polar molecules like noble gases and hydrocarbons.

Present everywhere

Larger molecules with more electrons have stronger dispersion forces, leading to higher 

boiling and melting points, as seen in iodine (I2) compared to fluorine (F2).

Influencing molecular size
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Bond Energy

Bond energy is the required amount to break a bond in a molecule, measured in kJ/mol, 

representing bond strength and stability.

Nature of energy

Higher bond orders (e.g., double, triple bonds) correlate with increased bond energy due 

to stronger electron density between atoms.

Bond order relationship

Polar bonds often show higher bond energies, while non-polar bonds generally require 

less energy to break.

Bond type variation



Bond length is the distance between the nuclei of two bonded atoms, typically 

measured in picometers (pm).

Bond Length

Definition and measurement

Shorter bond lengths occur with stronger bonds, as in triple bonds; longer 

lengths correspond with weaker single bonds.

Inverse relationship

Bonds involving larger atoms (e.g., iodine) naturally exhibit longer lengths due to 

increased atomic radii.

Atomic size influence



Factors Affecting Bond Energy and Length

High bond orders increase bond energy and decrease bond length due to enhanced 

electron sharing and attraction between nuclei.

Bond order

Larger atoms result in weaker bonds with longer lengths due to the reduced effectiveness 

of shared electron interactions.

Atom size

Differences in electronegativity can polarize bonds, altering both energy and length 

depending on the atoms involved.

Electronegativity
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Protein Structure and Hydrogen Bonds

Stability

Flexibility

Folding

Hydrogen bonds stabilize protein secondary structures such as 

alpha-helices and beta-sheets, maintaining the overall shape 

crucial for function.

Proper protein folding relies on hydrogen bonding networks, 

which steer polypeptides into their native, functional forms.

These bonds allow proteins to maintain structural flexibility, 

enabling dynamic conformational changes needed for biological 

activities.



DNA and Hydrogen Bonds

Double helix

Hydrogen bonds between 

complementary base pairs (adenine-

thymine and guanine-cytosine) ensure 

the stability of the DNA double helix.

Strand separation

These bonds are strong enough to 

stabilize DNA but weak enough to allow 

strand unzipping during transcription 

and replication.

Specificity

The bonds provide base-pair specificity, 

critical for accurate DNA replication and 

genetic fidelity during cell division.



Enzyme-Substrate Interactions

Catalysis

Transient covalent bonds may 

form during catalysis, facilitating 

chemical transformations by 

stabilizing enzyme-substrate 

intermediates.

02 Regulation

Non-covalent interactions 

influence allosteric regulation, 

where binding at one site affects 

activity at another, enabling 

complex control.

03Specificity

Non-covalent bonds (hydrogen, 

ionic, and van der Waals) play a 

role in enzyme-substrate 

specificity, guiding substrates into 

active sites.

01
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Water and Its Properties

Hydrogen bonding

The strong intermolecular 

hydrogen bonds in water 

contribute to its high boiling 

point, surface tension, and 

ability to remain liquid over a 

wide temperature range.

Solvent capabilities

Water’s polarity, stemming 

from covalent bonds within the 

molecule, allows it to dissolve 

ionic compounds and polar 

substances effectively.

Thermal stability

Hydrogen bonds absorb and 

release heat efficiently, making 

water essential in regulating 

temperature in biological 

systems and ecosystems.



Bonding in Alloys

Metallic bonds

The delocalized "sea of electrons" 

in metallic bonding allows for the 

malleability, ductility, and 

conductivity of alloys like steel.
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Durability

Alloying introduces various 

elements (e.g., carbon in steel), 

strengthening metallic bonds and 

enhancing properties such as 

resistance to corrosion and 

mechanical stress.

02

Customization

The flexibility in bonding 

arrangements enables the creation 

of tailored materials for specific 

industrial or structural applications.

03



Catalysts work by temporarily 

forming chemical bonds with 

reactants, lowering activation 

energy and speeding up reactions.

Bond 

manipulation

Industrial Catalysis

Solid catalysts, like platinum in 

catalytic converters, rely on surface 

chemisorption to facilitate bonding 

and reaction processes.

Heterogeneou

s catalysis

Improved catalyst designs optimize 

bond reactivity, reducing industrial 

waste and energy consumption in 

chemical manufacturing.

Environmental 

impact
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