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Molecules and Solids (Crystals)

Similarity

Difference

Connection

http://en.wikipedia.org/wiki/Image:Sodium_chloride_crystal.png




Formation of Chemical Bonds 



Formation of Covalent Bonding 



Formation of Ionic Bonding 

http://en.wikipedia.org/wiki/Image:Sodium_chloride_crystal.png




Types of Chemical Bonding

Covalent Bonding – atoms share electrons to form discrete 
molecules. Polymers – very large molecules that are made 
up of many (>5) smaller molecules (monomers) repeatedly 
linked together.

Ionic Bonding – picks up or loses electrons, ion is charged 
atom (Na+) or group of atoms (NO3

-). The force of attraction 
between oppositely charged ions (cations/anions) leads to 
the formation of ionic compounds and solids.

Metallic Bonding – positive ions in “sea of electrons”.



Discrete Molecule vs. Extended Solid

Element Combination Likely Structure Examples

Nonmetal and nonmetal

Metal and metal Extended (metallic) CuZn (brass),
NiTi

Metal and nonmetal Extended (ionic) NaCl

Si (extended)
SiCl4 (discrete)Discrete (molecular) 

or Extended (covalent 
network)



Stoichiometry of Extended Solids

rock salt: NaCl

Empirical Formula

How does the crystal structure of rock salt reveal the formula?



Lattice

A periodic array of “dots” (or lattice points) with infinite
repetition. In reality, we have to deal with finite sizes.

It is a mathematic abstraction used to describe the
translational symmetry (or order) of a periodic structure.

A lattice can be described in terms of unit cell and lattice
parameters (constants): (a, b, c) and (α, β, γ).

Crystal Structure = Lattice + Content of the Lattice Point



Unit Cell

The simplest portion of a lattice that can be repeated by
translation to cover the entire lattice (T = ma + nb).

In general, we choose the unit cell such that it can reflect
the symmetry of the original lattice.

Primitive cell (P): only contain one lattice point. We must
use primitive cells as long as they match the symmetry of
the lattice.

Centered cells: I, C, F



2-D Lattices and Unit Cells







Finding the Unit Cell

Which of the 
parallelograms in the 
figure below are unit cells? 

A, B, C

How many total 
heads are included 
in the correct unit 
cell?

4, 6, 8



Two-Dimensional Packing

XY

Y

Y

Y XY

YY

Y

YY

close packing (hexagonal)
coordination number = 6

square packing (square)
coordination number = 4

What is the most efficient way to arrange circles (balls, 
or atoms) on a plane surface?



Packing Efficiency

% packing efficiency = 
Area of circles in unit cell

Area of unit cell
x100%

Square Packing: ~79%
Close Packing:   ~91%


