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Intro to Solids

Relate the different types of solids to the 3 main types of bonding
Describe some of the properties of solids

Solids are one of the most interesting and important topics in general chemistry because they are important for so many things. We
use solids as building materials, to make tools of all kinds, to make computer chips, energy storage devices, solar cells, catalysts...
Nearly all technology depends on the properties of solids.

Types of Solids 

We can categorize solids in many ways. The most common way is by the type of bonding. There are three main types of bonding.
So far we have focused on covalent bonding. There are two types of covalent solids: molecular and covalent-network. Molecular
solids are made of covalent molecules, and the solids are held together by Van der Waals forces between the molecules. These
molecular solids usually have low melting points and are easy to break, because the forces between molecules are weak. Covalent-
network solids are different because there are no separate molecules: the whole solid is held together by covalent bonds between
atoms. For example, in diamond, each C atom makes 4 covalent bonds to 4 other C atoms in a tetrahedral arrangement. Covalent-
network solids usually have high melting points and are relatively hard because they are held together by very strong bonds.
Diamond is the hardest material known, because C-C bonds are among the strongest single bonds known. (Could you make a
covalent-network solid using the even-stronger bonds?)

An example of a covalent molecular structure, left, and a covalent-network structure, right.

We have also talked a little bit about ionic bonding. Basically, you probably know that most ionic materials are solids at room
temperature, and they are made of ions, such as a metal cation and a non-metal anion. Ionic solids are held together by strong
electrostatic (Coulomb's law) forces between the ions, so they are usually hard and have high boiling points.

An example of a structure with ionic bonding.

There are also many solids that are on the border between covalent and ionic: they are made of metals and non-metals, but both
covalent bonding and ionic bonding are important. This includes most rocks, minerals and ceramics. For instance, sapphire, another
of the hardest materials, is aluminum oxide.
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An illustration of bonds forming in aluminum oxide.

Finally, there is metallic bonding. Metallic bonding is sort of like covalent bonding, because it involves sharing electrons. The
simplest model of metallic bonding is the "sea of electrons" model, which imagines that the atoms sit in a sea of valence electrons
that are delocalized (spread out) over all the atoms. Because there aren't specific bonds between individual atoms, metals are more
flexible than covalent-network solids. The atoms can move around and the electron sea will keep holding them together. Some
metals are very hard and have very high melting points, while others are soft and have low melting points. This depends roughly on
the number of valence electrons that form the sea.

A simple diagram of the "sea of electrons" model for metallic bonding.

There are actually some other types of solids also. One way we can separate solids into categories is crystalline or amorphous.
Crystalline solids have ordered arrangements of atoms or ions. Amorphous (which means "no-shape") solids have disorganized
arrangements. Metals, ionic solids, covalent-network and molecular solids are usually at least sort of crystalline and orderly,
although they are never completely perfect. Crystalline solids often have faces or facets (flat surfaces at particular angles), like
most of the gem-stones used to make jewelry. An important type of amorphous materials are polymers, which include most
plastics. Polymers are usually made of really long, skinny covalent molecules that are tangled together. They are often flexible.
There are also amorphous stones, like opal (which is usually polished to a rounded shape, because it doesn't make nice facets).

We can also classify solids by their size. Nanomaterials are solids that have very small sizes. Nanomaterials can be made from
metallic or covalent-network materials, but because of their small size, they have different properties.

Properties of Solids 

As you read about solids, think about how the structure relates to the important properties of the solids that determine how we can
use it. Here we will describe some of these properties.

For structural materials (materials that we use to build, support, protect) the strength and hardness can be very important. Hardness
means how easy it is to change the shape of the material, such as by stretching or denting it, or how elastic it is in a collision.
Strength of materials means how well they resist applied forces, such as compression or stretching. This is important if you want
to build a bridge or a building, for example. We will describe solids as brittle if they break into pieces, such as ionic or covalent
solids. Metals don't usually break into pieces, but they can stretch into wires (ductility) and be pounded into sheets (malleability).

Conductivity is another important type of property. Do the materials conduct electricity? If so, how much? Do they conduct sound
or heat, and how well? We might also want to know about the reactivity of solids. Are they inert (non-reactive) at high temperature
in acid? Do they catalyze (speed up) certain reactions on their surfaces? Do they absorb or emit light, and if so, at what energy? Are
they magnetic? Are they porous (full of tiny holes)? All these properties can be important for different applications. 
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Valence and Solids  

As you read about solids, it can be helpful to remember the ideas about valence we have discussed earlier. Different atoms have
different numbers of valence electrons, which determines how many electrons they usually lose or gain, and how many bonds they
usually make. Another way to think about this is with coordination number, which is how many other atoms one atom interacts
with. In molecules, coordination numbers are usually pretty low, like 1-4. In ionic solids, each ion might have 2-8 neighbors. In
metals, each atom might have 12 neighbors. The stable coordination number of an atom or ion depends on the situation, and how
many electrons it needs. To form a covalent-network solid, at least some of the atoms in the formula have to make many bonds
(like carbon or silicon, which usually makes 4 bonds). You can't make a good network with only atoms that form 2 bonds, because
you can't have branches. In molecular solids, all the bonds are inside the molecule. In metals, in order to gain the electrons they
want, because they start with fewer valence electrons, they usually have high coordination numbers, which requires that they have
certain structures. 

Defects 
A really important topic in solids is defects or places where the arrangement of atoms isn't perfect. All examples of a particular
molecule are exactly the same, because if one of the atoms is different or the arrangement is different, it would be a different
molecule. But solids can be mostly one formula and structure, with some impurities or places where the structure isn't exactly
orderly. In fact, solids always have defects. Many of the most important properties of solids depend on the defects, like having a
few atoms of different types, or an atom missing, etc. So remember that sometimes the bulk description (how most of the solid is)
isn't actually the most important part. The most important part might be the rare spot where a few atoms aren't in their places. This
can make solids very confusing to study!

Outside Links 
Khan Academy: Covalent Networks, Metallic and Ionic Crystals (9 min)
CrashCourse Chemistry: Doing Solids (10 min)
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