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A NOTE ON THE SCIENTIST'S

DEFINITION OF GLASS
ROBERT

T

Introduction
objective of this note is to explain
for the glass scholar the scientist's def.
inition of glass, and to describe the
physical picture that the scientist has in mind
when he uses the word "glass." It is important
that the scholar be familiar with this picture if
he is to understand fully and evaluate the findings reported from time to time by scientists
who are investigating ancient glass.
In order to explain this picture clearly it is
necessary to review qualitatively the fundamental concepts of the Kinetic Theory and to
discuss the viscosity of liquids.
The most significant contributions of the
chemist to human knowledge have been his
successes in establishing correlations between
the experimentally observed properties of matter and his knowledge of its composition and
structure. The chemist treats the composition
of matter in terms of atoms of chemical elements and the ways in which they combine to
form molecules of chemical compounds. He
seeks to understand the changes that occur
when chemical substances undergo reactions
with one another. Of equal significance, however, are the models the scientist has developed
which tell us how individual molecules are arranged or interact within matter; that is, how
HE
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the structure of matter on the infinitesimal
scale of the atom accounts for the properties of
matter on the scale which we observe in the
laboratory and in our daily lives. These findings are summarized in the Kinetic Theory of
Matter and will be used here to explain the
nature of the three "classical" states of mattercrystalline/liquid, and gaseous. 2
It can readily be seen that the chemical composition of glass is not the thing that makes
glass "glass," since hundreds of thousands of
different chemical compositions can be made
into glasses. (For example, the files of Corning
Glass Works alone contain a bewildering array
of some 75,000 different glass compositions.)
We must resort instead to an examination of
physical structure and atomic arrangements to
define what we mean by "glass."

The Kinetic Theory of Matter and
States of Matter
The fundamental basis of the Kinetic Theory
is that all matter consists of extremely tiny particles, molecules, which are constantly in mo-

1. In modern scientific terminology the word "solid"
is taken to mean "crystalline solid."
2. For our purposes the words "vapor" and "gas"
may be assumed to be equivalent.
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tion. These individual molecules consist usually of small numbers of atoms held tightly to
one another by forces called chemical bonds.
The motion of molecules can best be described
in terms of a quantity defined as the kinetic
energy.3
The kinetic energy of a moving object is
given (in energy units called ergs) by the following equation: KE = m;' , where m is the
mass or weight (in grams) and v is the velocity
(in cm./sec.) with which the object moves. This
equation is known to hold for the largest, smallest and all intermediate material objects in the
universe: planets, billiard balls and molecules.
If an object is at rest its velocity is zero, and
so, from the defining equation, the kinetic energy also becomes zero. For moving objects, as
the velocity, v, increases, the kinetic energy increases rapidly, since it is proportional to the
square of v. Doubling the velocity of a moving
object increases the kinetic energy by a factor
of four; tripling the velocity increases the kinetic energy by a factor of nine. Moving at the
same velocity, objects of greater mass have a
proportionally greater kinetic energy.
The kinetic energy of any moving molecule
is directly proportional to the Absolute Temperature. 4 This means that as the temperature
is increased the kinetic energy of molecules is
increased, and consequently the velocity with
which the molecules are moving is also increased.
At a given temperature the average kinetic
energy of all molecules is the same, regardless
of their chemical compositions or masses. For
example, at room temperature, a molecule of
water has the same kinetic energy as a molecule
of carbon dioxide. From the defining equation

3. A detailed description of the Kinetic Theory will
be found in almost any up-to-date textbook of general
chemistry on the college level. Most of these treatments
should be readily intelligible to readers of this Journal.
4. The Absolute Temperature is calculated by adding 273 0 to the temperature in Centigrade. Room temperature may be taken as about 293 0 Absolute.

then, if the kinetic energies of different molecules are to be equal, it can be seen that the
heavier molecules must move somewhat more
slowly than light molecules at a given temperature. Despite the fact that molecules move very
rapidly, their velocities being of the order of
the velocity of rifle bullets, their individual
kinetic energies are minute, since their masses
are so small. The kinetic energy of a molecule
at room temperature is only 6 x 10-14 erg. 5 For
comparison, one erg is the approximate energy expended by a mosquito in launching himself into flight.
The kinetic energy of a molecule may be regarded as a measure of its tendency to stay in
motion. On the other hand, there are attractive
forces which act between molecules and tend
to hold them together. The magnitude of the
attractive forces depends upon the particular
molecules involved, but is independent of temperature. There is a constant competition between the kinetic energy and attractive forces.
The relative balance between these forces
determines the phYSical state in which matter
exists.
Consider the chemical substance, water. At
relatively high temperatures (in excess of the
boiling point of 100° C.) the kinetic energy of
the individual molecules is rather large and
sufficient to overcome the attractive forces.
Therefore the molecules move about independently of one another. The water is thus in
a gaseous state and constitutes the invisible
vapor we call steam. The molecules are separated from one another by distances which are
much greater than the size of the molecules
themselves. They move about at a great velocity, colliding frequently with one another
and the walls of the container. In fact, it is the
collisions with the walls of their containers
which cause gases to exert a pressure. At higher
temperatures the increased kinetic energy of
the molecules leads to more energetic collisions
5. 6
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producing an increase in pressure. This chaotic
motion and general lack of interaction between
the molecules is characteristic of all matter in
the gaseous state.
If the temperature is lowered the water
molecules give up some of their kinetic energy,
and at temperatures below 100° C. the kinetic
energy becomes comparable in magnitude to
the attractive forces which tend to hold the
molecules together. Physically this means that
the molecules must stay close to one another.
However, the kinetic energies are still sufficient
to keep them moving about. The resulting
structure is a liquid in which the molecules
move freely, and the molecular arrangement
constantly changes from one random configuration to another. The liquid has no mechanical
rigidity. This liquid state occupies a much
smaller volume than the gaseous state because
the molecules have less space between them.
At still lower temperatures (below the melting point of 0 ° C.) the attractive forces now
completely dominate the kinetic energy, and
each molecule is held tightly in place, occupying a definite position in a perfectly ordered
array. This ordered structure is called a crystal
lattice, and may be likened to a three-dimensional checkerboard. The kinetic energy of the
molecules here shows up in the form of vibrations of each molecule around the positions
they occupy in the crystal lattice. 6 The most
important distinction between the liquid and
crystalline states is that in a crystal the molecules are arranged in a perfectly ordered fashion, whereas in a liquid they move around in a
completely haphazard way and show no semblance of order. In addition, crystals have a
mechanical rigidity that is not found in liquids,
where the molecules are free to move with respect to one another.
Since the magnitude of attractive forces de6. If the temperature is lowered still further the
kinetic energy continues to decrease and the vibrations
become less and less vigorous.

pends upon the type of molecules involved,
each chemical substance has its own boiling
point and melting point. Molecules like oxygen
(each containing two atoms of oxygen attached together) exert very weak attractive
forces upon one another and therefore the
melting points and boiling points are very low
(-218 ° C. and - 183° C.) Thus oxygen is a
gas at room temperature. For substances like
iron or silica, the attractive forces holding the
individual units in place are very strong and
thus the melting points and boiling points are
very high. A great deal of thermal energy is
required to break the strong bonds that hold
the individual units in place.
It should also be noted here that most of the
crystalline materials we encounter in our daily
lives do not consist of large single crystals. Soil,
plaster, concrete and metals, for example, all
consist of aggregates of very minute crystals.
Figure 1 summarizes the kinetic pictures and
conditions associated with these physical states.

The Glassy State of Matter
Within the three "classical states" of matter,
there is no place for glasses.' X-ray studies and
other physical measurements confirm that although glasses have the mechanical rigidity of
crystals, they have the random or disordered
structure of liquids. It is therefore necessary to
define a fourth state of matter, the glassy state,
which combines these two properties. The scientist's definition of a glass, then, is that a glass
is a substance in the glassy state, a state in
which the molecular units have a disordered
arrangement, but sufficient cohesionS to pro-

7. There is also no place for many other common
forms of matter; for example, wood, rubber, plastics,
dough, and living cells, to mention a few.
8. This is admittedly a weak definition from both
semantic and scientific viewpoints, since the terms
"cohesion" and "rigidity" are in themselves evasive of
exact definition, and since no quantitative extent of
disorder is prescribed. This description does, however, sui~ the present purposes of establishing the
physical picture of the glassy state.
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Individual molecules separated from one
another by relatively great distances and
moving in a completely chaotic fashion. No
interaction between molecules except for
collisions with one another.
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Molecules are held close to one another by
attractive forces, but are not held rigidly
in position. They move about constantly
changing from one disordered state to another.
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Strong ath'active forces hold molecules rigidly in position. Each molecule occupies a
definite position in a perfectly ordered
three-dimensional lattice.
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FIG. 1. Kinetic Models of States of Matter. The size of the molecules
relative to their containers is greatly exaggerated. KE represents the
kinetic energy of individual molecules and A the attractive forces acting
between molecules.
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duce over-all mechanical rigidity. The term
"vitreous state" is sometimes used and has exactly the same meaning. Matter of many different compositions may exist in this state. 9 In
other words, there is no one substance which is
uniquely glass. The word "glass" is a generic
term, and we should most properly speak of
"glasses" rather than "glass," just as we speak
of "metals," "textiles," and "ceramics."
The nature of the glassy state is described 10
in Figures 2, 3, 4 and 5. Figure 2 shows the
molecular structure of a crystal of quartz (silicon dioxide; Si0 2 ). Within quartz, a truly crystalline substance, the individual atoms are arranged in a perfectly ordered fashion. Figure
2 is a two-dimensional, schematic representation of what is really a three-dimensional latticeY The solid dots represent silicon atoms;
the open circles are oxygen atoms. They are
held together by chemical bonds which are
about one hundred times stronger than the
attractive forces discussed previously which
hold one molecule of water to another. I 2 It must
be realized that these individual atoms are ex-

tremely small, too small ever to be "seen" by
any kind of microscope that can be visualized
in the framework of our present knowledge of
science. If one were to attempt to draw acomplete grain of sand, magnifying each atom to
the size drawn in these diagrams, a sheet of
paper 100 miles long and 100 miles wide would
be required.
When a crystal of quartz is heated to high
temperatures (approximately 1500° G) the
chemical bonds holding the atoms together
are broken. The atoms, or small groups of
atoms, collapse into a molten state which has
the random, disordered structure of a liquid.
Upon cooling, if sufficient time is allowed, the
individual atoms or groups of atoms find their
way back into a crystal lattice. On the other
hand, if the melt is cooled relatively quickly,
the atoms do not quite get back into place, and
the result is a glass of pure silica, as shown in
Figure 3. Here the remnants of the quartz
structure are still recognizable, but since the
ordering is not perfect, one is forced to consider this state of silica as resembling a liquid

9. The insistence of many authors on the inclusion
of the word "inorganic" in their definitions of glass
seems hard to justify if one takes more than a
parochial view of the subject. It evidently stems from
a habitual association of "glass" with the more common man-made commercial glasses, but seems to be an
unnecessarily restricting viewpoint. Not only do many
so-called "organic" materials exist frequently in the
glassy state, but the very terms "organic" and "inorganic" seem more and more to take on a peculiar
vagueness for which there can be no place in so important a step as defining a fundamental state of matter.

formed by a silicon atom and any two oxygens attached to it is 109 0 • The angles formed by the oxygen
atoms and the two silicons they bridge are all exactly
alike and about 145 0 • Although each tetrahedron
appears to have a composition of Si0 4 , the over-all
composition of the crystal is Si0 2 , since each oxygen
atom is shared by two tetrahedra.
Because of the difficulties of drawing a two-dimensional representation of these structures, Figures 2, 3,
4, and 5 are somewhat deficient in oxygen atoms as required by the rules of chemical valency. In Figure 6 the
correct number of oxygen atoms is included. Actually
all oxygen atoms should be attached to silicate chains
and those oxygen atoms which are not should be visualized as protruding upward or downward from silicon
atoms above or below the plane of the paper.
12. For those readers who are familiar with chemical bonds the Si-O bond should not be considered to be
either a completely covalent bond in which the bonded
atoms share the valence electrons equally or a completely ionic bond in which Si ++ .. + and 0-- ions are
held together by electrostatic attraction. Actually the
nature of the Si-O bond lies somewhere between these
two extremes, having perhaps 50 per cent ionic character. The individual atoms really should be drawn
with larger radii, so that they are in contact with one
another, but this would obscure somewhat the structural arrangement.

10. This structural model of glasses known as the
random network theory, and the two-dimensional
method of representation were first used by W. H.
Zachariasen, "The Atomic Arrangement in Glass," The
Journal of the American Chemical Society, Vol. 54, No.
10, October 1932, pp. 3841-3851; and by B. E. Warren
and J. Biscoe, "Fourier Analysis of X-Ray Patterns of
Soda-Silica Glass," Journal of the American Ceramic
SOCiety, Vol. 21, 1938, pp. 259-265.
11. In three dimensions each silicon atom is located
at the center of a tetrahedron and is attached to four
oxygen atoms which are located at the corners of the
tetrahedron. The tetrahedra are arranged symmetrically in space so that each oxygen atom occupies a corner
of two different tetrahedra. The geometrical angle
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more than it resembles a crystal. This, however, is somewhat inconvenient, since the resultant glass is clearly different from "ordinary"
liquids in that it has a rigidity approaching
that of crystals. In addition, the network does
not really resemble closely the structure of
conventional liquids, which consist of much
smaller molecular units. Thus we can see again
the need for the definition of a fourth state of
matter called "the glassy state."
Actually, it is more satisfactory to relate
glasses to the broader concept of the "polymerized state," since this more general term
would allow glasses to be classified with other
materials such as plastics, rubber, and dough.
The "polymerized state" refers in general to
materials which have disordered molecular
structures consisting of long chain molecules
more or less entangled with one another. The
individual molecules may contain tens of thousands of atoms. In the case of materials like
rubber or soft polyethylene, the individual
chains are very flexible, accounting for the
over-all rubbery elasticity of the materials. The
glassy state may be regarded as a special case
of the polymerized state in which the individual chains constituting the material have in
themselves great rigidity. This rigidity usually
results from a high degree of cross-linking between the chains which joins them together to
form a complex network, or it may result from
attractive forces holding together adjacent segments of neighboring chains. In general, all
polymerized materials, such as rubber, if
cooled sufficiently, will undergo a transition
into a glassy phase below temperatures where
the individual molecular chains lose their "flexibility." The transformation is marked by a
change from a viscous rubbery state into a
brittle state. The situation is analogous to the
freezing of ordinary liquids in that the molecular vibrations which keep the chains wriggling
and flexible gradually succumb, as the temperature is lowered, to whatever attractive forces
exist. Many plastic materials such as polymeth-

acrylate resins are in a glassy state at room
temperature.
Figure 4 shows a two-dimensional representation of a crystal lattice of sodium disilicate. 1 :;
In this crystal, the cross-hatched circles represent sodium ions H which are interspersed in a
regular fashion between the silicate chains. If
this crystal is melted, it also collapses into the
random structure of a liquid, and if cooled
slowly can be restored to its original crystalline
structure. Relatively fast cooling, however, will
trap the atoms in a glassy structure such as that
shown in Figure 5 before they are able to arrange themselves in a perfect crystalline pattern.15
The description of glass given above says
nothing about chemical composition because,
as was mentioned before, the number of possible compositions of glasses is indefinitely
large. Chemical composition does, of course,
greatly affect the phYSical and chemical properties of glasses. In Table I are shown compositions of several familiar glasses. The first is a
modern soda-lime glass, which contains about
74 per cent silica (Si0 2 ), 16 per cent soda
(Na20), and 5 per cent lime (CaO). The use
of soda (or potash) permits the fusion of the
silica at temperatures conSiderably below its
13. The structure is highly schematic and is not at
all intended to be an accurate representation of the
crystal structure.
14. Sodium ions are sodium atoms bearing a positive
electrical charge. They are aligned adjacent to oxygen
atoms bearing negative charges and thus preserve the
over-all electrical neutrality of the crystal.
15. An alternative physical model for glasses preferred by some scientists is that glasses consist of aggregates of extremely minute crystalline regions, or
microcrystallites, which have perfectly ordered lattices but which are themselves randomly arranged and
connected by or imbedded in a disordered matrix. This
picture and the supporting evidence is presented in a
paper by E. A. Porai-Koshits and N. S. Andreyev,
"Low-Angle X-Ray Scattering by Sodium Borosilicate
Glasses," fournal of The SOCiety of Glass Technology,
Vol. XLIII, 1959, pp. 235T-261T, and in other more
recent publications which are not as readily available
to English speaking readers. The refined experiments
which might tell which picture is more nearly correct
have not yet been possible.
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FIG.

2. Quartz Crystal.

FIG.

3. Fused Silica Glass.

FIG.

4. Sodium Disilicate Crystal.

FIG.

5. Soda-Silica Glass.
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TABLE I. Glass Compositions.
(In Weight Percentages)
Modern
Typical* Typical Baking Optical
Soda-Lime-Silica Roman or Laboratory High Lead
Silica
Soda
Potash
Lime
Magnesia
Alumina
Iron Oxide
Antimony Oxide
Manganese Dioxide
Boric Oxide
Lead Oxide

Si0 2
Na 2 0
K 20
CaO
MgO
Ab0 3
Fe203
Sb 2 O,;
Mn02
B20 3
PbO

73.670
16.0
0.6
5.2
3.6
1.0

67.0 %
18.0
1.0
8.0
1.0
2.5
0.5
1.5
0.5

80.5 70
3.8
0.4

35.070

96.5 70

7.2

2.2

0.5

12.9
0.01

96% Silica

3.0
58.0

Physical Properties
Density in gm./c.c.
Coefficient of
expansion (0° -300° C.) x 107 ;0 C.

2.47
92.0

2.544
103.4

2.23

4.28

2.18

32.5

91.0

8.0

*Experimental melt based on average composition of many Roman glasses. This composition very closely approximates that of the inlaid plate from Athens described in this Journal on pp. 37 through 47.

ordinary melting point. The addition of lime
produces a glass which is less prone to attack
by water. (Soda-silica glasses are quite soluble
in water. Solutions of this material constitute
the familiar substance "water glass.") For comparison, the chemical composition of a typical
Roman glass is also given. It is apparent that
the three principal ingredients in this sodalime-silica glass are comparable to those in
modern glasses. However, the ancient glasses
generally contain fairly large quantities of impurities which were introduced from impure
raw materials and low quality refractories. Figure 6 is an attempt to show the exceedingly
complicated molecular structure of a glass with
this composition. It should be borne in mind
that the actual structure of the glass network
extends in three dimensions. 16
16. In three dimensions the glassy state of silica may
be pictured as an assembly of Si0 4 tetrahedra which
are arranged in an irregular or random fashion without
the perfect symmetry of the quartz crystal.

This diagram also points out the action of
coloring agents. The presence of 2.0 per cent
by weight of copper oxide in a glass is sufficient
to confer a strong blue color. As shown in the
diagram this concentration is represented by
only two copper atoms out of the 370 atoms
in the portion of the glass represented. As few
as one cobalt atom per 3700 atoms of a glassy
matrix will color the glass an even deeper blue.
This corresponds to a weight concentration of
only 0.1 per cent.
One of the important distinctions between
glasses and crystals is that crystals have very
sharp melting points. A crystalline material remains completely rigid up to a precisely defined temperature, at which point it goes over
abruptly into the liquid state. The reason for the
sharpness of the melting point is that all of the
chemical bonds within the crystal are identical
and therefore they all break at the same temperature. In the case of a glass, however, where
the chemical bonds have been distorted to
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FIG.

6. Typical Roman Glass.
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varying degrees from their natural and stable
geometrical configurations17 the different
chemical bonds will break at different temperatures. In effect, each chemical bond has its
own melting point since each will have its own
degree of strain. (The greater the strain the
weaker the bond.) Therefore, glasses, instead
of having sharp melting points, soften gradually as the temperature is raised (as the weaker
bonds break), until at high temperatures they
finally become quite fluid. It is this gradual softening over a range of several hundred degrees
centigrade which makes it convenient to describe glasses in terms of viscosities.

The Viscosity of Liquids and Glasses
The term "viscosity" is usually applied to
liquids, and means, in a qualitative sense, the
resistance that a liquid offers to flow. A liquid
with a high viscosity such as molasses, will flow
at a very slow rate, whereas water, with a considerably lower viscosity, will flow much more
readily. Viscosities are expressed in a unit
called the poise.18 The viscosity of water at
room temperature is .010 poise; that of SAE
30 motor oil is about 1.0 poise. The viscosity of
most glasses at room temperature is about 101!l_
10 22 poises,19 which is about as high a viscosity
as can be measured. As the temperature of a
piece of glass is raised, the inflexible molecular
network breaks down into somewhat smaller
units, and the viscosity gradually drops to the
order of 107 poises, in which region the glass
may become deformed under its own weight.
At still higher temperatures the viscosity drops
to 103- 4 poises, under which conditions the
glass will flow quite readily into a mold, or can

17. See footnote 11 on the structure of quartz, and
compare Figures 2 and 3.
18. Named after J. L. M. Poiseuille, the 19th century scientist who worked out much of our present
knowledge concerning liquids.
19. The shorthand notation 10 20 (10 to the 20th
power) means 1 followed by 20 zeros. In the same notation, 103 = 1,000 and 10 6 = 1,000,000.

be blown with ease. When heated to very high
temperatures, the viscosity of glasses may be
so low that they become as fluid as thin motor
oil.
Figure 7 shows the dependence of viscosity
on temperature for the glasses in Table I. For
comparison, the viscosities of several familiar
substances at room temperature are marked on
the scale. 20 It should be noted especially that
an increase of one unit in the exponent of 10
on the vertical scale corresponds to a ten-fold
increase in the viscosity of the glass.
A number of particular points on the viscosity-temperature curve have been defined by
glass scientists for their own convenience in
comparing glasses of different compositions.
For example, the softening point of a glass is
that temperature at which the viscosity is 107.65
poises.
At some point between the two extreme viscosities mentioned, glasses may be considered
to change from the "glassy state" as described
above, to a true liquid state, where the molecular units are small and the glass flows readily.
There is no clear-cut point of transition, however, and any attempt to define one would be
arbitrary at best. This apparently is why so
many scientists prefer to consider glasses, even
at room temperature, to be extremely viscous
liquids, and to describe them as "under-cooled
liquids."
Theoretically it should be possible to convert any liquid into a glass if it could be cooled
rapidly enough to a suffiCiently low temperature. In reality, however, it is only those liquids
which are quite viscous at their freezing points
that go eaSily into the glassy state. As with so
many other scientific phenomena this can be
explained qualitatively in terms of the physical pictures of the molecules involved. Those
20. Two of the values on this table were taken from
G. E. Alves and E. W. Brugmann, "Estimate Viscosities by Comparison with Known Materials," Chemical
Engineering, Vol. 68, No. 19, September 18, 1961, p .
182.
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liquids which have high viscosities such as
melted silica, usually consist of rather large
molecules. These large molecules tend to become very much entangled with one another
and thus can flow only with difficulty. It is
reasonable to expect that such liquids should
form glasses readily since it is difficult for
large, cumbersome molecules to arrange themselves into a crystal lattice. At ordinary rates of
cooling they are likely to be "frozen" into a rigid (or very viscous) glassy condition before crystallization can occur. In the case of melted mixtures of soda, lime and silica the organization
of the different kinds of molecules into one or
more crystal lattices Simultaneously is quite
clearly a very complicated process.
Liquids having smaller and simpler molecular structures, such as water, have correspondingly lower viscosities and even at very rapid
rates of cooling can still manage to become
organized into perfect crystal lattices before
becoming completely rigid. Such liquids,
therefore, do not ordinarily exist in the glassy
state. With very rapid rates of cooling and
carefully controlled conditions, however, some
familiar liquids of low viscosity, such as ethyl
alcohopl can be converted into a glassy state,
and the deposition of water vapor onto very
cold surfaces (-100° C.) can produce a glassy
state of water. 22
In summary it may be said that to the scien21. H. J. de Nordwall and L. A. K. Staveley, "The
Crystallization of Vitreous Water and Heavy Water,"
Transactions of Th e Faraday Society, Vol. 52, 1956,
pp. 1061-1066; and "The Formation and Crystallization of Simple Organic and Inorganic Classes," ibid.,
pp. 1207-1215.
22. J. A. Pryde and C. O. Jones, "Properties of
Vitreous Water," Nature, Vol. 170, October 25, 1952,
pp. 685-688.

tist the word "glass" has a special meaning and
that a very definite physical picture is associated
with the glassy state. This state is characterized
by a disordered molecular structure similar to
that of liquids and a mechanical rigidity corresponding to that of crystalline materials.
Because of this physical structure, the mechanical properties of glasses, particularly the
"rigidity," change over a wide range depending
upon temperature. It is convenient to describe
this behavior in terms of viscosity.
The viscosity-temperature relationship varies
for glasses of different chemical compositions.
A study of these relationships may be useful for
learning more about the technological processes used by glassmakers in the past. One example of an application of this type of reasoning appears elsewhere in this Journal in an
article on an inlaid plate from the Agora.
Another related topic of concern to the glass
scholar and archaeologist is the meaning of
such terms as frit, paste, faience , enamel, glaze,
etc. Although some efforts have been made to
define these terms, it is apparent that a considerable amount of confusion still exists as to
the meanings of at least some of these words
and the distinctions (where they exist) between
the materials being described. There are probably as many different sets of definitions as
there are people using the terms and one is
never quite certain as to just what meaning
authors have in mind.
Equipped with an understanding of the nature of glasses and crystalline substances, it
should be possible for us to classify intermediate materials into a few (hopefully) distinct
categories by employing straightforward structural descriptions of the materials most often
encountered.
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