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In a multicomponent material like

the SiO2–Na2O glass (c), the

question of the region of glass

formation arises: how much

Na2O can be added to SiO2, while

still keeping the glass forming

ability of the system?

What is the 
region of glass 
formation ?

(Adapted from: Optical glass, T.S. 
Izumitani, Hoya Corporation, 1986)
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Regions of glass formation in oxide glasses (prepared by melting)

I) Alkali silicates:

SiO2 – Li2O                          ~ 0 – 36    mol%  Li2O

SiO2 – Na2O                         ~ 0 – 58    mol%  Na2O

SiO2 – K2O                           ~ 0 – 55    mol%  K2O

- Rb2O                                    “ mol%  Rb2O

- Cs2O                                    “ mol%  Cs2O

Glasses with > 50 mol% R2O (< 50 mol% SiO2) are sometimes called 
“invert glasses”.
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varsh

(Adapted from: Fundamentals of inorganic glasses, A.K. Varshneya, Academic Press, 1994)

50 mol% SiO2

“invert glasses”

SrO

CaO

II)  Ternary alkali - alkaline earth silicates

CaO-K2O
CaO-Na2O

SrO-K2O
(~SrO-Na2O)

50% SiO2 line
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III) Phosphate 

glasses

(Adapted from: Fundamentals of inorganic glasses, A.K. Varshneya, Academic Press, 1994)
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IV) Tellurite
glasses

(Adapted from: Fundamentals of inorganic glasses, A.K. Varshneya, Academic Press, 1994)

(Note: pure TeO2 is  
difficult to obtain as 
a glass).
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V)  Halide glasses

Binary fluorozirconates:             ~  50 - 70 mol% ZrF4 – BaF2

Zinc halide-based glasses:          ~  50 - 60 mol% ZnBr2 – KI 

VI)  Chalcogenide glasses:

As – S – Se  system:                    large glass-forming region

As – Se – Te     “ “ “

Ge – Sb – Se     “ smaller                “
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Theories of glass formation

There is not yet a single theory which is able to predict and specify which 
materials and under what conditions are able to form glasses.

There are, however, three theories (or models, rather) which encompass

most of the relevant aspects which are known to lead to glass formation:

A) Structural theory of glass formation, proposed by W.H. Zachariasen
in 1932 (J. Am. Chem. Soc. 54(1932)3841).

B)   Energy criterion of K.H. Sun (1947).

C)   Kinetic theory of glass formation (Turnbull and Cohen, 1960).
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A) Zachariasen’s theory (oxide glasses)

This theory, strictly applicable to oxide glasses only in its original form,  sometimes 
referred to as the crystallochemical theory; it led to the model known as the 3 – D
continuous random network (3-D CRN) model.

Basic postulates:

-interatomic forces similar in glass and corresponding crystal

-glass is in a slightly higher energy state   (next slide)

-nearest neighbor coordination polyhedra similar in glass and crystal

-nature of interatomic bonds similar in glass and corresponding crystal
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The glass is in a higher energy state, compared to the corresponding crystal. 

This can be considered a metastable state, in the sense that a certain 
thermodynamic energy barrier exists (related to the activation energy for crystal 
growth) for the glass to crystallize. Such energy is provided when the glass is 
heated above its temperature of onset of crystallization (obtainable from a DSC, 
or DTA, run).
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Zachariasen’s rules:

1) each oxygen atom in a glass is bonded only to one or two glass-forming 

cations (e.g. Si4+);

2) the coordination number (CN) of the glass-forming cation is small: 3 or 4;

3) the oxygen coordination polyhedra share corners, but not edges or faces;

4) the polyhedral structural units form a 3-D continuous random network
in which every polyhedron shares at least 3 corners with its neighbors.
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Limitations of Zachariasen’s rules

- apply only to oxide glasses (silica, silicates, …)

- there are several exceptions to the rules, such as:

• non-oxide glasses

• CN > 4  (e.g. fluoride and metallic glasses)
• chain-like glass structures (e.g., metaphosphate glasses)

- some other models of glass structure (e.g., the crystallite model of Lebedev) 

actually oppose the idea of a CRN.

Strong points of Zachariasen’s model

- predicts the existence of the main oxide glass formers (SiO2, GeO2, B2O3, 

P2O5, …) and glass modifiers (Na2O, CaO, …); suggests the existence of 

bridging oxygen (BO) and non-bridging oxygen (NBO) species.
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The bottom figure (c) depicts 

the structure of a SiO2-Na2O

glass, where BO and NBO

species can be identified.

NBO

BO
(Adapted from: Optical glass, T.S. 
Izumitani, Hoya Corporation, 1986)
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This figure also depicts the structure of a SiO2-Na2O glass, where BO and 
NBO species can be identified:

BO

NBO
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B)  K.H. Sun’s criterion:

- Establishes a correlation between glass forming tendency and chemical bond   
strength in the glass.

Dissociation energy of oxides into gaseous elements:

Ed
MOx = | 1/m ∆Ho

f (MmOn, c) – ∆Ho
f (M, g) – n/m ∆Ho

f (O, g) |        

Ed refers to a mol of M in MOn/m. 

Eb = Ed / CN            is called the single bond strength

The basic idea behind this model is that, when a melt is quenched to form a 
glass, the stronger the M-O bonds, the more difficult are the structural 
rearrangements necessary for crystallization and, hence, the easier is glass 
formation.  
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(Adapted from: Fundamentals 
of inorganic glasses, A.K. 
Varshneya, Academic Press, 
1994)
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