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Atomic Structures and Bonding



Atomic Structure
Fundamental concepts
• Each atom consists of a nucleus composed of 

protons and neutrons which are encircled by 
electrons.

• Protons and electrons are electrically charged, the 
charge magnitude is 1.60 x 10-19C.

• Protons are positively charged and electrons are 

2

• Protons are positively charged and electrons are 
negatively charged.

• Neutrons are electrically neutral.
• Protons and neutrons have approximately the 

same mass at 1.67 x 10-27 kg.
• The mass of an electron is 9.11 x 10-31kg.



• Each chemical element is characterised by the number of 
protons called the atomic number (Z).

• A neutral atom has the same number of protons and 
electrons.

• The atomic mass (A) is the sum of the masses of protons 
and neutrons.

• The number of protons is the same for all atoms of an 
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• The number of protons is the same for all atoms of an 
element but the number of neutrons (N) may vary.

• Some elements have two or more different atomic masses 
which are called isotopes.

• The atomic weight of an elements is the weighted average 
of the atomic masses of the atom’s naturally occurring 
isotopes.



• The atomic mass unit (amu) is used in the computation of 
atomic weight where 1 amu = 1.66 × 10-24 g

• The atomic weight or molecular weight of a compound 
may be expressed on the basis of amu per atom (molecule) 
or mass per mole of material.

• 1 mole of a substance has 6.023 × 1023 atoms / molecules.  
This is called the Avogadro’s number.
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This is called the Avogadro’s number.
• Thus, 1 amu/atom (molecule) =1 g/mole

• In the periodic table the atomic weight is given in terms of 
amu/atom or g/mole.



Electrons in atoms – atomic models

• Bohr  atomic model (See following slide)

– Electrons revolve around the atomic nucleus in discrete 
orbitals

– Position of electron is well defined in terms of orbitals
– Electrons permitted to have specific values of energy 

(quantized) depending on its position – called energy 
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(quantized) depending on its position – called energy 
levels or states

– Electrons may change energy but in doing do so, it must 
make a quantum jump to either an allowed higher 
energy (with energy absorption) or a lower energy  (with 
energy emission)
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• Wave-mechanical model

– Electron particles do not move in discrete orbitals
– There is a probability of electrons being in various 

locations around the nucleus.
– Electron position is describe by a probability distribution 

or an electron cloud.
– See following slides
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– See following slides
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Quantum numbers
Every electron in an atom is characterised by four parameters called 
quantum numbers.

1. Principle quantum number, n: specifies the shells i.e. relates 
the distance form the nucleus where electron can be found.  It 
also determines the major energy level. The maximum 
number of electrons allowed at any one level is 2n2. 
n = 1, 2, 3, 4, …

2. Angular momentum quantum number, l: signifies the 
subshell and it describes the shape of the shell.
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subshell and it describes the shape of the shell.
l = 0, 1, 2, 3, … (n-1)
l = s, p, d, f, … (n-1)
these may hold up to 2,6,10 and 14 electrons, respectively.

3. Magnetic quantum number, ml: determines the number of 
energy states for each subshell and ml = -l to l

4. Electron spin number ms: two electrons can exist in a single 
energy state of a subshell and this number relates the up or 
down orientation of an electron within the energy state.
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• Pauli exclusion principle stipulates that each electron state 
can hold no more that two electrons which must have 
opposite spins.

• It also states that no two electron in an atom can have the 
same set of quantum numbers.  Refer to the table in the 
next slide.

• Electrons fill up the lowest possible energy states in the 
electron shells and subshells first.  The second following 
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electron shells and subshells first.  The second following 
slide is an example of sodium atom.  Sodium is said to be 
in the ground state.

Electron configuration

• The electron configuration of an atom represents the 
manner in which these states are occupied.
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The Number of Available Electron States in Some of the Electron Shells 
and Subshells

Principal 
Quantum 
Number, n

Shell 
Designation

Subshells
Number of 

states

Number of Electrons

Per 
subshell

Per shell

1 K s 1 2 2

2 L
s 1 2

8
p 3 6

13

p 3 6

3 M

s 1 2

18p 3 6

d 5 10

4 N

s 1 2

32
p 3 6

d 5 10

f 7 14
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Important facts:

• Valence electrons are those that occupy the outermost shell.
• An atom with its outermost shell filled it is said to have a 

“stable electron configuration”, inert or noble gases.
• Other atoms loose or gain electron or share electrons to 

assume stable electron configuration.
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The periodic table

• Elements situated with increasing atomic number, seven 
horizontal rows called periods.

• Elements in a given column or group have similar valence 
electron structure, as well as chemical and physical 
properties.

• Group zero (right most) – inert gases
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• Group zero (right most) – inert gases

• Group VIIA – halogens

• Group IA – alkali metals

• Group IIA – alkaline earth metals

• Group IIIB to IIB – transition metals partially filled d 
electron states in some cases one or two electrons in the 
next higher energy shell

• Most elements come under metal classification.
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Electropositive elements indicate that they are capable of giving up their few valence 
electrons to become positively charge ions.  Electronegative elements readily accept 
electrons to form negatively charged ions, or sometimes they share electrons with 
other atoms



Atomic Bonding
Bonding forces and energies
– When the atoms are at large inter-atomic

separation distance, the atoms do not exert any force on each 
other.

– When the distance is decreased, an attractive force FA starts to 
pull the atoms closer.

– FA increases as the atoms gets closer.
– But as the atoms get closer a repulsive force FR begin to act.
– The net force FN between the two atoms is given by:
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N
FN = FA + FR

– At some inter-atomic distance ro,  FR exactly equals FA and FN
becomes Zero

FN = 0 = FA + FR
– ro is called the equilibrium inter-atomic separation distance at 

which atoms enter into bonding
ro ≈ 0.3 nm

– At r0, the two atoms will counteract any attempt to separate them by 
an attractive force, or to push them together by a repulsive force.



20


