
MATERIAIS CERÂMICOS E VIDROS 

GLASS STRUCTURE 



MATERIAIS CERÂMICOS  E VIDROS   M. Clara Gonçalves  2018 



Silica (Glass) 

• In quartz, the O-Si-O angle is 109028´ and the Si-O-Si angles 
are ~1500.  

 

 

 

 

 

 

 

• In amorphous silica, they are 109028´ and a large distribution 
between 110 and 1800. 

Si4+ 

O2- 

Adapted from Figs. 

12.9-10, Callister 7e. 

crystobalite 
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Short range order ~20 Å, ~ 3 - 4 coordination polyehdra! 

Glasses and crystals have the same building blocks (cation polyhedra) arranged 

in different patterns, e.g. glasses have broader distributions of bond angles. 

Physical Review Letters 86(24):5522-5 · July 2001  
DOI: 10.1103/PhysRevLett.86.5522  
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https://www.researchgate.net/journal/0031-9007_Physical_Review_Letters


Short range order ~20 Å, 

~ 3 - 4 coordination 

polyehdra! 
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STRUCTURE OF GLASSES 

Zachariasen observed similar mechanical properties (elastic modulus, ...) between 

glasses and crystals. So similar structural energies between (chemically identical) 

crystals and glasses were expected! 

Identical atomistic building blocks (cation polyhedra) are expected. 

However, glasses have greater structural energies! 

 Glasses lack the periodic (long range) order of a crystal 

 Glasses exibited infinite unit cell (no repeating large scale properties) 

 Glasses show l3D network acking symmetry and periodicity 

 Glasses are ISOTROPIC: same average packing and properties in all 

 directions 
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STRUCTURE OF GLASSES 

Zachariasen recognized that crystal chemistry rules and patterns also apply to 

glasses. Certain polyhedra are more likely to form the disorder networks particular 

to a glass: 

 

‘... The substance can form extended 3D networks lacking periodicity with an 

energy content comparable with that of the corresponding crystal network.’ 

 

Oxides like SiO2, B2O3, GeO2, P2O5 form glasses, whereas oxides like MgO, Al2O3, 

Na2O, CaO do not. WHY? 
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... remember the Pauling rules... 
 
First rule: the radius ratio rule 
 A coordinated polyhedron of anions is formed about each cation, the cation-anion 
distance equaling the sum of their characteristic packing radii and the coordination 
polyhedron being determined by the radius ratio. 
 
Second rule: the electrostatic valence rule 
An ionic structure will be stable to the extent that the sum of the strengths of the 
electrostatic bonds that reach an anion equal the charge on that anion. 
 
Third rule: sharing of polyhedron corners, edges and faces 
The sharing of edges and particularly faces by two anion polyhedra decreases the 
stability of an ionic structure. 
 
Fourth rule: crystals containing different cations 
In a crystal containing different cations, those of high valency and small 
coordination number tend not to share polyhedron elements with one another. 
 
Fifth rule: the rule of parsimony 
The number of essentially different kinds of constituents in a crystal tends to be 
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In crystals:  

Pauling Fifth rule: the rule of parsimony 

The number of essentially different kinds of constituents in a crystal tends to be small. 

Less is more! 

In glasses:  

More is more! 

(see kinetic model…) 
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Network former – allows an ease glass formation (even alone!) 

 

 

Glass modifier - provides extra oxygen ions to the structure but does not participate in the 

 network, thereby raising the O/Si ratio of the glass. 

   The extra oxygen atoms (apported by the modifier) disrupt the siloxane bonds  ≡Si-

 O-Si≡ and form two new non-bridging oxygens (≡Si-Onb…..nbO-Si ≡) to 

 terminate each tetrahedra. 

 

Glass intermediate – is not clearly modifier or network former and may contribute in part to 

 the network structure. They are generally cations with higher valence than the alkalis 

and alkaline earths, but which do not satisfy Zachariasen’s rules. 
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GLASS former 
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Bridging Oxygen 

Bridging Oxygen 
Non-Bridging 

Oxygen 

Glass modifier disrupts the (3D) glassy network and reduces the ability to form a glass. 

Tm,  Tg 

STRUCTURE OF GLASSES GLASS modifier 
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GLASS modifier 
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Glass intermediates suture the (3D) 
glassy network (broken by modifiers...) 
and increase both Tm and Tg. 

Tm, Tg 

STRUCTURE OF GLASSES GLASS intermediate 
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STRUCTURE OF GLASSES GLASS intermediate 

MATERIAIS CERÂMICOS  E VIDROS   M. Clara Gonçalves  2018 



Al3+ is an interesting intermediate (with a dual role)! 

 

When the concentration of Al2O3 is less then (let’s say) 3-5 mol%, a substitution of 

Al3+ for Si4+ takes place (sss).  Here, Al3+ acts as intermediate, rebuilding siloxane 

bonds (≡Al-O-Si ≡) and allowing the presence of a higher level of modifiers in the 

glass network.  

 

For higher concentrations, Al2O3 behaves like a modifier. 

STRUCTURE OF GLASSES GLASS intermediate 
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NON SILICATE GLASSES 

Compounds: AB2 
Strutural unit: 

Compounds: A2B3 
Strutural unit:  

Compounds: P2O5 
Strutural unit:  
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http://www.chem.ox.ac.uk/vrchemistry/chapter6/page20.htm


Chem. Sci., 2014,5, 894-903  
DOI: 10.1039/C3SC52743C 

https://commons
.wikimedia.org/w
iki/File:BeF2_glas
s.svg 

J. Phys. Chem. B 2016,  120, 17, 4174-4181 
DOI:10.1021/acs.jpcb.6b02452  

GeO2 

BeF2 

ZnCl2 

Compounds: AB2 
Strutural unit:  

NON SILICATE GLASSES 
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STRUCTURE OF GLASSES 

P2O5 

Compounds: A2B5 
Strutural unit:  
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B2O3 STRUCTURE OF GLASSES 

Amorphous B2O3 is composed of triangular BO3 units, probably interconnected locally into 

boroxyl group. 

Alkali additons do not act as modifiers, but instead increase connectivity by forming tetrahdral 

BO4 units with local charge compensation by the alkali. 

The formation  of compact tetrahedra causes an increase in density and a decrease in the 

thermal expansion coefficient (Boron anomaly). 

PyrexTM and KimaxTM are sodium borosilicates in which the alkali/B ratio is close to that of 
minimum thermal expansion coefficient. 

VycorTM is a glass in which a phase-separation occurs at 500-600ºC into high borate and high 
silica phases. 

Compounds: A2B3 

Strutural unit:  
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GLASS METASTABILITY 
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STRUCTURE OF GLASSES 



ADITIONAL INFORMATION 
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   Further reading 

 
  Introduction to Glass Science and Technology. J. E. Shelby, 2nd Ed RSC PaperBacks (2005) 
 
  Les Verres et l’État Vitreux.  J. Zarzycki Masson (1997) 
 
  Glass Science. R. H. Doremus Wiley Interscience (1994) 
 
  Overall aspects of non-traditional glasses. Synthesis, properties and applications. H C. 
 Vasconcelos, M. C. Gonçalves (eds) Bentham Science Publishers  (2016) 
 
  Glass. M. C. Gonçalves. In: Materials for Construction and Civil Engineering: Science, Processing, 
 and Design p. 335-395 M. C. Gonçalves, F. Margarido (eds) Springer, New York (2015) 
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