1.Concept of the glassy state:

1-1 Definition of glassy state:

        Glassy state: is a state of matter that combines the rigidity of crystals with the random molecular structure of liquids.
Glass is defined in ASTM as 'an inorganic product of fusion which has been cooled to a rigid condition without crystallization'.

More specifically, the term is used to relate to a state of inorganic matter which may be likened to a solid, but which has the properties of a very highly viscous liquid, exhibiting neither crystalline structure nor a distinct melting point, i.e. a super-cooled liquid.

Various chemical materials can form a vitreous (glassy) structure; such as the oxides of silicon, boron, germanium, phosphorus and arsenic. When cooled quickly from the molten state they solidify without crystallization to form glasses.
        the glassy state represents a transition stage between a disordered arrangement of the particles in a liquid to an ordered crystal stage. The glassy state appears in many different forms, which depend on the chemical composition and the physical conditions for the production of the glass, with consideration of the time of transition through various intermediate stages. Thus, a final definition of the structure of matter in the glassy state is difficult owing to the physicochemical diversity of the transitional glassy forms of matter.
The glassy state is not limited to oxides and can also be observed when

certain sulphur and selenium compounds are rapidly cooled. Under extreme conditions glass can be made from some oxide free metallic alloys, and many organic liquids transform into a glassy state at low temperatures (e.g. glycerine at –90°C).
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Fig.1.1. Schematic two-dimensional illustration of the atomic arrangement in (a) crystal and (b) glass.
1-2 What is the glassy state:
        Glasses are usually formed by melting crystalline materials at very high temperatures. When the melt cools, the atoms are locked into a random (disordered) state before they can form into a perfect crystal arrangement.
       The term glass does not have a convenient simple definition. In its broadest sense glass is a collective term for an unlimited number of materials of different compositions.
        In the usual schedule “solid - liquid” the solid is crystalline and passes into the liquid state at the melting point, Tm. This transition is, in nearly all cases, accompanied by an increase in volume, and with an increase in the heat content (enthalpy), the heat of melting.

The jump in volume is illustrated in Figure 1.2; the slope of the line FC is the thermal expansion coefficient of the crystalline phase; at the melting point the volume jumps from C to B, and the higher slope of BA denotes the expansion coefficient of the liquid phase.

       Some substances are, however, not able to crystallize, for instance normal glass, as a result of a too irregular molecular structure. When such a substance is cooled down from the liquid state, and follows the line AB, then from B to D it still remains a fluid, which solidifies at D without showing a jump in volume. The line then continues as DE, with about the same slope as CF; the matter is, however, not in a crystalline condition, but in an unordered, amorphous, glassy state, and has, therefore, a greater volume.
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Fig. 1.2. Volume as a function of temperature.
The nature and the properties of materials are, therefore, governed by two different schedules, which are sometimes superimposed:
1. glass — rubber — liquid

2. crystalline — liquid.
In the glassy state the molecular structure is disorderly, and comparable to that of a liquid. This is clearly demonstrated by X-ray diffraction patterns, in which only a diffuse ring is visible, which indicates some short-distance order; in contrast to the sharp reflections found with crystals as a result of long-distance order.

The disordered state occupies a larger volume than a crystal, which explains the distance between the lines ED and FC in Figure 1.2, the so-called free volume.
Below Tg the free volume, Vf, is about constant; above Tg it increases strongly with increasing temperature.
1-3 Types of glassy states:
There are three types of glassy states:

1- The first type is characterized by the cessation of the rotation vibrational motion of the molecules in a definite  (critical) temperature region. This results in stabilization of chain-like structures of polar molecules rigidly associated (by means of the dipoles).
2- The second type consists of organic glassy polymerization products, which have in the stabilized state a fibrous structure of rigid valency-bonded carbon atoms with small side branches in the form of hydrogen

atoms or of more complex radicals.
3- The most extensive third type of glassy state is composed of refractory inorganic compounds of multivalent elements. These glasses in the stabilized state have the most thermostable chemical structure in the form of a three-dimensional rigid atomic valency-bonded spatial network.
. 
