
PHY 120 - Lecture Notes by Alberto Rojo

Atomic structure

A neutron walked into a bar and asked how much for a drink. The bartender
replied,“for you, no charge.”
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1 Atoms and elements

Atoms are the particles of elements, substances that could not be broken
down further. Let us clarify this statement. An atom cannot be broken
down further without changing the chemical nature of the substance. For
example, if you have 1 ton, 1 gram or 1 atom of oxygen, all of these units have
the same properties. We can break down the atom of oxygen into smaller
particles, however, when we do the atom looses its chemical properties. For
example, if you have 100 watches, or one watch, they all behave like watches
and tell time. You can dismantle one of the watches: take the back off, take
the batteries out, peer inside and pull things out. However, now the watch
no longer behaves like a watch. So what does an atom look like inside?
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Atoms are made up of 3 types of particles electrons , protons and neu-
trons . These particles have different properties. Electrons are tiny, very
light particles that have a negative electrical charge (-). Protons are much
larger and heavier than electrons and have the opposite charge, protons have
a positive charge. Neutrons are large and heavy like protons, however neu-
trons have no electrical charge. Each atom is made up of a combination of
these particles. Let’s look at one type of atom:

The atom above, made up of one proton and one electron, is called
hydrogen (the abbreviation for hydrogen is H). The proton and electron stay
together because the opposite electrical charges attract each other. What
keeps the two from crashing into each other? The particles in an atom are
not still. The electron is constantly spinning around the center of the atom
(called the nucleus).

Keep in mind that atoms are extremely small. One hydrogen atom, for
example, is approximately 5× 10−8 millimeters in diameter. To put that in
perspective, this dash – is approximately 1 millimeter in length, therefore it
would take almost 20 million hydrogen atoms to make a line as long as the
dash.

Finally, in the usual jargon a chemical element is a pure chemical sub-
stance consisting of one type of atom. According to this, Gold would be one
example of an element, and table salt would be not.

2 Solids, liquids, gases, glasses
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Solids, liquids, gases and glasses differ in their atomic (or molecular)
arrangements.
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2.1 Crystalline solids

In crystalline solids, the particles are arranged in a regular pattern, touching
each other.

They attract each other with a strong force (because they are so small
and so close). This means that they cannot change places. The particles of
matter are always moving. Since they cannot change places in a solid, they
simply vibrate.

A good way of thinking about this is to imagine the students in our class
as representing the particles of a solid. When everyone is in their places, it
is like a solid. Everyone moves a bit but they don’t swap places.

Solids do not flow. The particles in a solid cannot change places so a
solid will keep its shape (unless it is broken).

A crystal is never perfect; a variety of imperfections can mar the order-
ing. A defect is a small imperfection affecting a few atoms. The simplest
type of defect is a missing atom and is called a vacancy. Since all atoms
occupy space, extra atoms cannot be located at the lattice sites of other
atoms, but they can be found between them; such atoms are called intersti-
tials. Thermal vibrations may cause an atom to leave its original crystal site
and move into a nearby interstitial site, creating a vacancy-interstitial pair.
Vacancies and interstitials are the types of defects found in a pure crystal. In
another defect, called an impurity, an atom is present that is different from
the host crystal atoms. Impurities may either occupy interstitial spaces or
substitute for a host atom in its lattice site.

Impurities often make crystals more useful. In the absence of impurities,
alumina is colorless. Iron and titanium impurities impart to it a blue color,
and the resulting gem-quality mineral is known as sapphire. Chromium
impurities are responsible for the red color characteristic of rubies, the other
gem of alumina.

2.2 Liquids

In liquids, the particles are still pretty close together there is no pattern. We
say that they arranged randomly. They are moving about in all directions,
changing places all of the time.

The forces holding the particles together in a liquid are not as strong as
those in a solid. Remember, the particles are moving all of the time. In a
liquid, you can see that it is possible for them to change places.

A good way of thinking about the particles in a liquid is to imagine
our lab at the start or end of class. At the end everyone is still quite close
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together but you are all moving about, changing places. Often students will
bump into each other at these times. This also happens in liquids!

Liquids can flow. This is because the particles can move past each other.
Liquids will not keep any shape because the particles are always moving

around and changing places. They will take up the shape of the container
they are in.

Liquids cannot be compressed because the particles are already very
close together.

2.3 Gases

In gases, the particles are very spread out. They are moving very quickly
in different directions. They are not arranged in any pattern. They are
changing places all of the time.

The forces holding the particles together are very small. They are so
small that they can be ignored so we say there are no forces holding them
together.

Back to the class as an example. At the end of the lesson, when you
leave the room, you all go their separate ways. You spread out so you are a
bit like a gas.

Gases flow. This is because the particles are always changing places with
each other.

Gases spread out to fill the container. This is because they are moving
very fast and there are no forces to stop them flying apart. They will be
stopped by the solid walls of the container.

Gases can be compressed (squashed). This is because the particles are
so far apart. They can easily be squeezed together.

Gases spring back when you stop compressing (squashing) them. As
soon as you stop squeezing, they fly apart again.

2.4 Glasses

The atomic distribution of glasses is similar (almost identical) to that of
liquids, but they differ in their behavior over time. For a glass the particles
are close together in random positions but never exchange places. They just
vibrate.

Glasses are an example of amorphous solids. In crystalline silicon (Si)
each atom is in a periodic lattice and has four neighbors. In amorphous
silicon (a-Si) the same “short-range” order exists, but the bond directions
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become changed at distances farther away from any atom. Amorphous sili-
con is a type of glass.

Glass has been made into practical and decorative objects since ancient
times, and it is still very important in applications as disparate as building
construction, housewares, and telecommunications. It is made by cooling
molten ingredients such as silica sand with sufficient rapidity to prevent the
formation of visible crystals.

2.5 Liquid crystals

The liquid crystal state is a distinct phase of matter observed between the
crystalline (solid) and isotropic (liquid) states. There are many types of
liquid crystal states, depending upon the amount of order in the material.
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There are two basic types of liquid crystals. The nematic liquid crystal
phase is characterized by molecules that are disordered (like in a liquid) but
tend to point in the same direction. The other kind is called smectic. The
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word ”smectic” is derived from the Greek word for soap. This seemingly
ambiguous origin is explained by the fact that the thick, slippery substance
often found at the bottom of a soap dish is actually a type of smectic liquid
crystal. Molecules in this phase show a partial degree of order not present
in the nematic. In the smectic state, the molecules maintain the general
orientational order of nematics, but also tend to align themselves in layers
or planes. Motion is restricted to within these planes, and separate planes
are observed to flow past each other. The increased order means that the
smectic state is more ”solid-like” than the nematic.

LCDs (Liquid crystal displays) utilize either nematic or smectic liquid
crystals. The optical properties of liquid crystals depend on the direction
light travels through a layer of the material. An electric field (induced by a
small electric voltage) can change the orientation of molecules in a layer of
liquid crystal and thus affect its optical properties. Such a process is termed
an electro-optical effect, and it forms the basis for LCDs. For nematic LCDs,
the change in optical properties results from orienting the molecular axes
either along or perpendicular to the applied electric field, the preferred di-
rection being determined by the details of the molecule’s chemical structure.
Liquid crystal materials that align either parallel or perpendicular to an ap-
plied field can be selected to suit particular applications. The small electric
voltages necessary to orient liquid crystal molecules have been a key feature
of the commercial success of LCDs; other display technologies have rarely
matched their low power consumption.

6


