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ISSUES TO ADDRESS...

Chapter 2: Atomic Structure & Interatomic Bonding
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Matter is made of atoms.

Richard P. Feynman

atomic
hypothesis fact all things are
made of atoms—little particles that move around in perpetual motion, attracting
each other when they are a little distance apart, but repelling upon being squeezed
into one another enormous
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Atomic Structure (Freshman Chem.)

Atom

Atomic number (Z)

Atomic mass (A)

Isotopes
Atomic weight

Atomic mass unit (amu)
Atomic weight

1.67 x 10-27 kg
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Electrons in Atoms

Some of the following properties (chemical,
electrical, thermal, and optical properties)
are determined by electronic structure.

QuantumMechanics

Bohr Atomic Model

Wave Mechanical Model

Fig. 2.1 Schematic representation of the Bohr atom.

Fig. 2.2 Comparison of the Bohr hydrogen atom 
and the wave-mechanical hydrogen atom.
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Quantum Numbers

Principal quantum number, n

Subsidiary quantum number, l

Magnetic quantum number,ml

The fourth quantum number,ms

Quantum Number Designation
n K, L, M, N, O
l s, p, d, f n
ml l l
ms
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Electron Energy States

l
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Electron Configurations

Pauli exclusion principle: each electron state can hold no more than two
electrons that must have opposite spins.

Ground state

Electron configurations
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Survey of Elements

•  Why? Valence (outer) shell usually not filled completely.

•  Most elements: Electron configuration not stable.

Electron configuration

(stable)

... 

... 

1s2 2s22p63s2 3p6 (stable)
... 
1s2 2s22p63s2 3p63d104s24p6 (stable)

Atomic #

18
...
36

Element
1s11Hydrogen
1s22Helium
1s2 2s13Lithium
1s2 2s24Beryllium
1s2 2s22p15Boron
1s2 2s22p26Carbon

...
1s2 2s22p6 (stable)10Neon
1s2 2s22p63s111Sodium
1s2 2s22p63s212Magnesium
1s2 2s22p63s2 3p113Aluminum

...
Argon
...
Krypton

Callister & Rethwisch 9e.
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Columns: Similar Valence Structure
e

e

e

ee

The Periodic Table

Callister & Rethwisch 9e.
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Electronegativity

Ranges from 0.9 to 4.1,
Large values: tendency to acquire electrons.
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2.5 Bonding Force and Energies

Force potential energy relationship for
two atoms

Bonding energy, E0

Callister & Rethwisch 9e.
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2.6 Primary Interatomic Bonds: (1) Ionic Bonding

Ionic bonding is Always found in compounds composed of both metallic
elements (+ ions) and nonmetallic elements ( ions).
Ionic bonding requires electron transfer and thus large difference in
electronegativity.
Ex) NaCl

Attractive bonding force & energy: Coulombic
Repulsive energy:
Ionic bonding is nondirectional (i.e., the magnitude of the bond is equal in all
directions around an ion).

1 2
0

1( ) ,
4A

AE r A Z e Z e
r

( )R n
BE r
r
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(2) Covalent Bonding

Similar electronegativity share electrons
Bonds determined by valence – s & p orbitals dominate bonding
Example: H2

Covalent bonding is directional.
Examples: Cl2 (Chlorine), F2 (Fluorine), CH4 (Methane), H2O (Water),
HNO3 (Nitric Acid), HF (Hydrofluoric Acid), Diamond (Carbon),
Si (Silicon), Ge (Germanium), GaAs (Gallium Arsenide), SiC (Silicon
Carbide)
Covalent bonds may be very strong or may be very weak.
It is difficult to predict the mechanical properties of covalently
bonded materials on the basis of their bonding characteristics.

s

s
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Bond Hybridization in Carbon

Carbon: 1s22s22p2

Carbon can form sp3 hybrid orbitals.
Bonding hybrid orbitals are directional.
For carbon, four sp3 hybrid orbitals are
directed symmetrically (tetrahedron).
Diamond

Polymers

Callister & Rethwisch 9e.
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sp2 Hybrids & (3) Metallic Bonding

Other types of hybrid bonds: Graphite Metallic Bonding
The valence electrons are not 
bounded to any particular atom in 
solid and are free to drift.
“Sea of electrons” or “electron cloud”
The metallic bond is nondirectional.
These free electrons act as a “glue” to 
hold the ion cores together.
Metals are good conductors of both 
electricity and heat as a consequence 
of their free electrons.
Most metals and their alloys are 
ductile.
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2.7 Secondary Bonding or van derWaals Bond

Fluctuating Induced Dipole Bonds

Polar Molecule Induced Dipole Bonds

Permanent Dipole Bonds (Hydrogen Bond)
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Summary: Bonding

Type Bond Energy Comments

Types Primary bonds Characteristics

Tm; E

Tm E;

Tm
E;
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