
Serkan GÜRGÜL, Assist. Prof. 

Department of Biophysics, Faculty of Medicine,    
Gaziantep University

INTRA- & INTER-MOLECULAR
BONDS (FORCES)



Attractive & Repulsive Forces
• Some clues associated with understanding the microscopic

system are hidden behind the macroscopic world.
• Eg... Interaction between the Sun and the Earth.

• The balance of the attractive & repulsive forces somehow
analogous in molecular & atomic interactions as well.



• Most biological molecules are made up of combinations of six
vital elements, whose chemical symbols are CHNOPS.



• CHNOPS: Carbon, Hydrogen, Nitrogen, Oxygen, Phosphorus,
and Sulfur

• Around 99.3% of all total number of atoms in living organism
is composed of:











• However, it is not merely the composition of the atoms that
make up a system known as a living entity.

• It is a:

– Dynamic

– Commucating

– Growing

– Renewing

– Reproducing

system that is achieved by these elements end up to be living.







The Bond Energy (AKA: Lennard-Jones Pot.)

• Is a measure of a chemical bond‘s strength that is determined by
measuring the heat required to break one mole of molecules into
their individual atoms.

• Can be thought of as a measure of the stability gained when two atoms
bond to each other, as opposed to their free or unbound states.





• Represents the average energy associated with breaking the
individual bonds of a molecule.

• The higher the bond energy is, the "stronger bond" occurs
between the two atoms.

– The distance between them (bond length) is smaller.

1 eV = 1.60217662 × 10-19 J



A Morse curve shows how the energy of a two atomic
systems change as a function of internuclear distance.

At large distances, 
the energy is zero, 
meaning that there 
is no interaction. 

At internuclear distances in 
the order of an atomic 
diameter, attractive forces 
dominate. 

At very small 
distances between 
the two atoms, the 
force is repulsive 
and the energy of 
the two atom system 
is very high. 







The attractive and repulsive forces are balanced at a minimum 
point in the plot of a Morse curve.



The internuclear distance at which the energy minimum occurs 
defines the equilibrium bond length. 

• The bond length represents an ‘equilibrium’ value (because thermal motion
causes the two atoms to vibrate about this distance, much like a spring vibrates back
and forth around its unstretched, or equilibrium distance.)



In general, stronger the bond between two atoms, the lower the 
energy minimum is and the smaller the bond length.





Valance Electrons & The Octet Rule
• Matter always wants to be in the most stable form.

• For any atom, stability is achieved by following "octet rule", which is to
say all atoms (with a few exceptions) want 8 electrons in their outermost
electron shell.

• The electrons present in the outermost shell of an atom are called
"valence electrons“.

• Exceptions to the octet rule include hydrogen (H) and helium (He) that
follow the duet rule instead.
– They have a single electron shell which accommodates only 2 electrons.









• The quantum mechanical model is based on quantum theory.

• According to this theory, it’s impossible to know the exact position and
momentum of an electron at the same time. This is known as the
″Uncertainty Principle″.

• Uses complex shapes of orbitals (electron clouds), volumes of space in
which there is likely to be an electron. So, this model is based on
probability rather than certainty.

• Four numbers, called quantum numbers, were introduced to describe the
characteristics of electrons and their orbitals:

Quantum Mechanical Model & Atomic Orbital Concept



• n describes the average distance of the orbital from the nucleus — and the energy of
the electron in an atom. The larger the value of n is, the higher the energy and the
larger the orbital.

• l describes the shape of the orbital, and the shape is limited by the principal quantum
number n.

• Orbitals that have the same value of n but different values of ″l ″ are called
″subshells″.

• m describes how the various orbitals are oriented in space. The value of this number
depends on the value of l.

• s describes the direction the electron is spinning in a magnetic field — either
clockwise or counterclockwise.



• The arrengement of electrons in an atom is its electron configuration.

• Every element have a unique electron configuration because they
all have different numbers of electron.

Electron Configuration

















• Formal charges allow us to figure out which is going to be the best
structure for a chemical compound.





Holds atoms together in a molecule

Ionic Bonding Covalent Bonding Metallic Bonding

Intramolecular Forces



In biological environment;
 B/t ionizable groups of 

proteins and small ions
 B/t phosphate groups 

and cations in nucleic 
acids

Intramolecular Forces

*B/t: Between

• Ionic Bonding
– Is formed by the complete transfer of valence electron(s) between atoms.
– The metal loses electrons to become a positively charged cation, whereas

the non-metal accepts those electrons to become a negatively charged
anion.







• Covalent Bonding
– Is formed between atoms that have similar electronegativities.
– Both atoms have affinity for electrons and neither has a tendency to

donate them, they share electrons in order to achieve octet
configuration and become more stable.







Covalent or Ionic bondings depend on …



Electron Density

• Polar covalent bond is a covalent bond with greater electron
density around one of the two atoms.

• Electron cloud moves towards the atoms that have higher
masses or more electronegative.

• Eg… HF (Hydrogen flouride; H – F bond)



Electronegativity
• Is the ability or power of an atom in a molecule to attract

electrons to itself in a chemical bonding (described by Linus Pauling).
– Basically, is a relative value of that atom's ability to attract electron

density toward itself when it bonds to another atom.
– The higher the electronegative of an element → the more that atom

pick up electron easily.





Automic radius decreases → Ionization energy increases → Electronegativity increases

Pauling Scale





What if two atoms of equal or more electronegativity
bond together?

Eg… H2 or
Cl2

Eg… H2O or
HCl

Eg… NaCl





Metallic Bonding









N/A: Not Applicable or No Answer



Pauling Scale



Intermolecular Forces

are attractive forces b/t molecules

Dipole – Dipole
Interactions Hydrogen Bonding Van Der Waals

Forces



• Dipole occur when there is a separation of charge.

• Dipole moment is a measure of the polarity of the molecule.

– Can occur between two ions in an ionic bond or between atoms in a
covalent bond.

– Arise from differences in electronegativity.

– The larger the difference in electronegativity, the greater the dipole
moment.

– The size of the dipole moment also depends on the distance between
the charge separation.





Intermolecular Forces
• Dipole – Dipole Forces (Interactions)

– Are the attractive forces b/t polar molecules.
– Occur when the partially positively charged part of a molecule

interacts with the partially negatively charged part of the
neighboring molecule.

– The prerequisite for this type of attraction to exist is partially
charged ions, Eg… HCl.

– Are the strongest intermolecular force of attraction, after hydrogen
bonds.



Dipole-Dipole Forces

Ion-Dipole
Forces

Ion-Induced Dipole 
Forces

Dipole-Induced 
Dipole Forces











Intermolecular Forces







Intermolecular Forces





• σ gives a measurement of how close two non-bonding
particles can get and is thus referred to as the van der
Waals radius.

• It is equal to one-half of the internuclear distance between
non-bonding particles.



VDW Forces
are weak polar interactions

Keesom
Interaction

Debye
Interaction

London
Dispertion Forces

Van Der Waals (VDW) Forces

weak dipole – dipole interaction

weak dipole – induced dipole interaction

instantaneous induced dipole











Dispersion Forces

• Are the forces that lead to distortions in the electron clouds
of an atom, by neighboring atoms or electrons.

• The more electronegative atom of a molecule will pull the
electron density of the bond closer to itself, gain itself a
partial negative charge leaving the other atom with a partial
positive charge.
– Gives a dipole moment to a molecule.







How these forces of attraction affect 
properties of compounds?
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