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Introduction

« A great many inorganic solids, and even a few
organic ones, can usefully be thought of as
consisting of a three-dimensional array of ions.
This ionic model can be developed in further
detail in two main ways.
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Introduction

First, it i1s assumed that the energy of this array of
lons can be treated as the sum of the following

contributions:

« Coulombic(EE£& 1)) (electrostatic) attractive and
repulsive energies.

« Additional repulsive energy that results from
repulsion between the overlapping outer electron
density of adjacent ions.

« A variety of minor energy terms, mainly van der
Waals and zero point vibrational energy.
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Introduction

« Second, the main features of the structures of ionic
solids can be understood by treating these substances
as efficiently packed arrays of ions. .

* To be efficient the packing of ions in the structure of
and ionic compound must maximize the number of
contracts between oppositely charged ions, while
simultaneously keeping ions of the same sign as for
apart as possible.

« A set of radii for the different ions, together with a
geometrical and electrostatic analysis, can enable us
to understand why , for example, NaCl, CsCl, and
CucCl all have different structures.
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Examples of Three Types of Crystalline
Solids
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The Structures of o

Diamond and Graphite
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The Closest Packing Arrangement of Uniform Spheres
(a) abab — Closest packing - |

Top view Top view Side view

(b) abca — Closest packing

Top view Top view Top view Side view



Hexagonal Closest Packing(HCP)
S

a

-

e A
‘ ! Side view

. Top view Unit cell
/ L7
Atom in third layer

lies over atom in
first layer.
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Cubic Closest Packing(CCP)
-

An atom in every Unit cell
fourth layer lies

over an atom in
the first layer.
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The Indicated Sphere
Has 12 Nearest neighbors
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The Net Number of Spheres in a Face-
Centered Cubic Unit Cell

(a) (b)
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Two Types of
Alloys
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The p Orbitals

(a) (b)
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The Structure of
Quartz
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Two Dimensional
Representations of (a) a
Quartz Crystal and (b) a
Quartz Glass
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Silicon Crystal
Doped with (a)
Arsenic and (b)

Boron
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The Holes that Exist
Among Closest Packed

Uniform Spheres

Tetrahedral
hole

Octahedral
hole
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The Position of Tetrahedral Holes in a Face-
Centered Cubic Unit Cell

(b)
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Cubic Closest
Packing In
NaCl
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14.7.2 JEELL A &P non-stoichiometric

compounds)
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Mixed-metal Oxide

e Contain two or more different kinds of
metal 1ons.

» These oxides tend to adopt one of a few
basic, general structures, the names of
which are derived from the first
compound ( or an important one) found
to have that structure.
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The spinel structure

« Spinel is a mineral (MgAlLQ,).

« The structure iIs based on a ccp array of
oxide ions, with Mg4* ions in a set of
tetrahedral holes and Al®* ions in a set of
octahedral holes. Many substances of the
types M%*(M3%),0,, M**(M?*),0,, and
Mb%*(M*),0, have this structure.

e LI,Mn,O,
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The ilmenite( #6264 structure

* llmenite is the mineral FeTiO,.

o |ts structure is closely related to the
corundum®iE) structure except that the
cations are of two Kind.

 In ilmenite the cations are Fe* and Ti**,
but many substances with the ilmenite
structure have cations charges of ( +1,+5)

or ( +3,+3).
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The perovskite(£5£€4") structure

 Perovskite is the mineral CaTiO,.

* |ts structure is based on ccp array of oxide ions
together with large cations, similar in size to the
oxide ion. The small cations lie in octahedral
holes formed entirely by oxide ions.

» Agalin, the individual cation charges are not
Important so long as their sum in +6.

« The structure iIs adopted by many fluorides
with cations of disparate sizes, such as KZnF.
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Structure of a Buckytube




Raymand Chang Chemislfy, Be, Copyright & 1998 The MeGraw-Hill Companies, Ine, All Fights resarsad.

Binding of a Buckyball Derivative to the Site
of HIV—rtease R
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