
CHAPTER 12
Solids and Modern Materials



12.1: CLASSIFICATION OF
SOLIDS



CLASSIFYING SOLIDS BASED ON BONDS
•Metallic solids are held 

together by a “sea” of 
collectively shared electrons.
• Ionic solids are sets of cations

and anions mutually 
attracted to one another.
•Covalent-network solids are 

joined by an extensive 
network of covalent bonds.
•Molecular solids are discrete 

molecules held together by 
weak forces.



TWO OTHER TYPES OF SOLIDS

Polymers contain long chains of atoms 
connected by covalent bonds; the chains 
can be connected to other chains by 
weak forces.  These molecules have 
different properties than small molecules or
metallic or ionic compounds.
Nanomaterials are crystalline compounds 

with the crystals on the order of 1–100 nm; 
this gives them very different properties 
than larger crystalline materials.



12.2 STRUCTURES OF 
SOLIDS



ONE ORGANIZATION OF SOLIDS

• Solids with a regular 
repeating pattern of 
atoms are crystalline.
•Amorphous solids are 

characterized by a distinct
lack of order in the 
arrangement of atoms.
• Since crystalline solids 

have a regular pattern, 
they are of more interest 
to most chemists.



UNIT CELL
• The basis of a repeating pattern is
the unit cell.
• The structure of a crystalline solid 
is defined by
the size and shape of the unit 
cell.
the locations of atoms within the 
unit cell.



12.3 METALLIC SOLIDS



a. Ionic solids have less efficient packing that makes 
the slipping motion difficult, causing the solid to 
be brittle.

b. When ions slip past each other, like charges 
experience repulsions, causing the solid to 
be brittle.

Atoms in metals easily slip past one 
another as mechanical force is applied; 
can you think of why this would not be 
true for ionic solids?



METALLIC STRUCTURE

• The structures of 
many metals 
conform to one 
of the cubic unit 
cells: simple 
cubic, body-
centered cubic, 
or face-centered
cubic. 



CLOSE PACKING
•Nature does not like 

empty space!  
• The atoms in a crystal 

pack as close together 
as they can.
• The two common types 

of packing seen are
cubic close-packed.
hexagonal close-

packed.



ALLOYS
•Alloys are materials that contain more than one 

element and have the characteristic properties of 
metals.
• It is an important means employed to change the 

properties of certain metals.



TYPES OF ALLOYS

• Substitutional alloys: A second element 
takes the place of a metal atom.
• Interstitial alloys: A second element fills a 

space in the lattice of metal atoms.
• Heterogeneous alloys: components not 

dispersed uniformly



•What determines which species in a 
solid solution is the solute and which is
the solvent?



INTERMETALLIC COMPOUNDS
• compounds, not mixtures
• distinct properties, definite composition 

(since they are compounds)
• ordered, rather than randomly distributed



12.4 METALLIC BONDING



METALLIC BONDING

•One can think of a 
metal as a group of 
cations suspended in
a sea of electrons.
• The electrical and 

thermal 
conductivity, 
ductility, and 
malleability of metals
is explained by this 
model.



a. Al, Si, and P4

b. Si, P4, and S8

c. P4, S8, and Cl2
d. S8 and Cl2

Which of these drawings represent 
molecules?



Which element in each 
period has the highest 
melting point? In each case,
is the element you named at
the beginning, middle, or 
end of its period?



12.5 IONIC SOLIDS



IONIC SOLIDS
• In ionic solids, the 
lattice comprises 
alternately charged 
ions.
• Ionic solids have very
high melting and 
boiling points and 
are quintessential 
crystals.



IONIC SOLIDS
•Most favorable structures

have cation–anion 
distances as close as 
possible, but the 
anion–anion and 
cation–cation distances 
are maximized.
• Three common structures

for 1:1 salts:
CsCl structure
NaCl (rock salt) structure
zinc blende (ZnS) 

structure



a. Yes, if the anions are 
sufficiently large.

b. Yes, if the anions are 
sufficiently small.

c. No, because anions repel one
another.

d. No, because each anion 
adopts different lattice points 
in the unit cell.

Do the anions touch each other in 
any of these three structures? If not, 
which ions do touch each other?



12.6 MOLECULAR SOLIDS



MOLECULAR SOLIDS

•Consist of atoms or 
molecules held 
together by weaker forces 
(dispersion, dipole–dipole, 
or hydrogen bonds).
• Shape (ability to 

stack) matters for 
some physical properties, 
like 
boiling point.
•Graphite is an example.



12.7 COVALENT-NETWORK
SOLIDS



COVALENT-NETWORK SOLIDS
•Atoms are 

covalently bonded 
over large network 
distances with 
regular patterns of 
atoms.
• Tend to have 

higher melting and 
boiling points.
•Diamond is an 

example.



WHAT  FORMS A 
SEMICONDUCTOR?

•Among elements, only Group IVA, all of 
which have 4 valence electrons, are 
semiconductors.
• Inorganic semiconductors (like GaAs) tend 

to have an average of 4 valence electrons 
(3 for Ga, 5 for As).



DOPING
• changing the conductivity of 

semiconductors by adding an 
element with more or fewer 
electrons
• n-type semiconductors have 

more electrons, so the negative 
charge travels in the 
conductance band.
• p-type semiconductors have 

fewer electrons, so the “hole” 
travels in the valence band.



12.8 POLYMERS



POLYMERS
• Polymers are molecules of high 

molecular weight made by joining 
smaller molecules, called monomers.
• There are two primary types of polymers:
Addition polymers are formed when a 

bond breaks, and the electrons in that 
bond make two new bonds.
Condensation polymers are formed 

when a small molecule is removed 
between two large molecules.



ADDITION VS. CONDENSATION
POLYMERIZATION



a. An addition polymer, because it has no C=C bond available 
for a polymer reaction.

b. An addition polymer, because it has a C=C bond available 
for a polymer reaction.

c. A condensation polymer, because it has one reactive site 
H2N– that can react with H2N on another molecule.

d. A condensation polymer because it has a reactive site 
H2N–  that can react with a —COOH site on another 
molecule with water also forming.

Is this molecule a better starting 
material for an addition polymer or a 
condensation polymer?



SOME COMMON 
POLYMERS



BULK PROPERTIES OF POLYMERS

• The molecules are not straight 
lines—the longer the chain, 
the more twisting happens.
•Chains can have a variety of 

lengths, and therefore a 
variety of molecular weights.
• The material can be very 

flexible (plastics).
• Short range order can lead 

to crystallinity in the solid.



CHANGING THE POLYMER’S 
PHYSICAL PROPERTIES

•Chemically bonding 
chains of polymers to 
each other can stiffen 
and strengthen the 
substance.
• In vulcanization, chains 

are cross-linked by short 
chains of sulfur atoms, 
making the rubber 
stronger.


