3.091: Introduction to Solid State Chemistry
Maddie Sutula, Fall 2018

Do yourself a solid.
Recitation 20

1 Glass formers

In 3.091, we focus on silica glass. The chemical composition of silica is SiOs: you are now well equipped
to check this compound is charge-neutral. Although the charges are balanced, if you were to draw a Lewis
dot diagram for SiOs, you might notice that there are lots of lone pairs of electrons that aren’t involved
in bonding. You may also recall that silicon, with its four valence electrons, typically forms tetrahedrally-
coordinated (or sp*) bonds. What ends up happening when liquid silica solidifies is that oxygen atoms are
shared between silicon atoms, acting like bridges: these are referred to as bridging oxygens. If we were to
flatten crystalline silica to represent it in 2D, it might look something like this (not a true projection):
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Here, the dotted lines represent half-bonds that would continue on throughout 3D space. Each oxygen atom
is a bridging oxygen, because it is shared between adjacent silicon atoms. Though the stoichiometry is SiOq,
you can think of the tetrahedral structure as silicate groups ( [SiO4]*~) where the oxygen ions are then
shared with neighboring Si ions, yielding a charge-neutral compound.

Si+ 4(%0) = Si+ 20 = SiO,

Although I've shown a crystalline representation above, the same concept applies for glasses: the difference
is that in a glass, the arrangement of the bonds is not perfectly tetrahedral. In lecture and in Recitation
19, we we talked about various processing methods that yield more disordered (glassy) or more ordered
(crystalline) materials. Generally, when a glass forms instead of a crystal, the bonds do not have enough
time (or energy) to become arranged in neat tetrahedrons: instead, they are rotated, stretched, and the long
range structure is generally amorphous. The chemistry, however, remains the same: for silica glass, there
are bridging oxygen atoms that connect neighboring silicon atoms, and a 2:1 ratio of oxygen atoms to silicon
atoms. The resulting glass is like a large network of haphazardly-arranged Si—O bonds: for this reason, silica
is called a network former.

2 Network modifiers

In contrast to a network former, there can also be network modifiers: elemental defects introduced into
the melt that disrupt the highly connected silica network. Some examples include NasO, CaO, and Al;Os.
These ionic oxides dissociate inside the glass, and the strongly electropositive cations have an affinity for the
electronegative oxygen atoms. Here’s an example using NasO:
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Let’s focus in on one bridging oxygen. If we think of it like a chemical reaction, we can add a number of
units of NasO.
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Each NayO in the melt dissociates into two sodium atoms and an oxygen atom. One of the covalent bonds
connecting the bridging oxygen atom is broken by the sodium atoms. Of course, mass is conserved, and the
oxygen from NasO can form a new covalent bond with the Si whose bond was broken. In the final state,
the Nat atoms form ionic bonds with the newly nonbridging oxygen atoms. The network of silica has been
split.
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For other ionic salts, you can think of each ng that is added as breaking one bond, but creating two non-
bridging oxygen atoms. The more network modifier that is added, the more this process happens, and the
shorter the continuous chains of silica get! As the chains get shorter and shorter, they can slide past each
other more easily during cooling. It’s harder for them to get tangled. Therefore, the more network modifier
is added, the lower the free volume of the glass that results (holding all other factors constant), because the
shorter chains can pack more efficiently than the jumbled mess of pure silica glass.

Example: Sketch a glass cooling curve comparing a glass with a lot of network modifier added to a glass
with little network modifier added, assuming the cooling rate is the same for both.

Note that the glass with more network modifier has a lower T!
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