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Outiline 

A glassmaking illustration at the Pit of 

Memnon, from the òPicture Book of Sir John 

Mandevilleõs Travelsó, c. 1410, probably in 

Bohemia (British Library, London, UK). 
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Introduction 

a)  The crystal growth presents temperature dependence 

and is strongly influenced by the structure of the melt. 
 

b)  Configurations in the melt which are similar in 

structure to those found in the crystal suggest that 

growth may occur by the addition of atom groups. 
 

c)  Strong evidence of viscosity is also found. The 

activation energies of crystal growth and viscosity are 

similar.  

Experimental Evidences 
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i)  The undercooling, which is a measure of the driving 

force for crystal growth; 
 

ii )  The site factor, which is the fraction of sites on the 

crystal face that can incorporate molecules from 

melt; 
 

iii )  The viscosity of the melt, which is a measure of the 

resistance to molecular motion and rearrangement. 

Experimental: Basic Factors 
The experimental rate of crystal growth depends basically 

on three factors: 

Introduction 
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Applications of Crystal 

Growth 

Â Micro & Opto-Electronics (PRT glasses...) 

Â Industrial Crystallization (from sugar to aï

quartz) 

Â Advanced Materials (alloys, glasses, 

pharmaceuticals...) 

Â Geophysics (rain, fog, snow, magma...) 

Â Nanotechnology (Quantum dots, wires...) 
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Relevance 

The development of vitroceramics 

materials depend on controlled 

crystallization of glasses 

The crystallization kinetics controls 

the existence of vitreous state 
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Examples 

Ceran® / Schott 

Zerodur® / Schott 

Otawa Dental Lab. ® 

Vision® / Corning 

HD substrate / Corning ® 

Macor® / Corning 

Corning Ware® 



Federal 

University 

of Bahia 

LaMaV 

Â  Theory  
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Crystal Growth Gallery 

Researchers 

Walther Kossel Iwan Stranski Yakov Frenkel 

Rostislav Kaischew David Turnbull 

Josiah Willard Gibbs 

Max Volmer 

Robert Cahn 

John Drake Hoffman Kenneth Jackson 
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How Crystals Grow? 

Painting by Paolo Massacci 
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1)  The magnitude of the free energy difference melt/ 

crystal; 
 

2)  The concentration of sites suitable for molecular 

attachment; 
 

3)  The rate at which growth units can be transported 

across interface; 
 

4)  Possible orientation requirements at the melt/crystal 

interface; 
 

5)  Availability of crystallizable species at interface; 

How Crystals Grow? 
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Example of Crystal 

Growth 

a-phase crystal growth at 

780oC in 1 min intervals 
Na2OÖ2SiO2 
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i) NORMAL 

Three Classical Mechanisms 

SiO2 & GeO2 

How Crystals Grow? 
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ii ) SCREW DISLOCATIONS 

Na2OÖ2SiO2 , Na2OÖ4B2O3 & Diopside 

G. H. Gilmer, J. Crystal Growth 42 (1977) 

How Crystals Grow? 
George H. Gilmer, American physicist 
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PbOÖSiO2 & Anorthite 

iii ) SURFACE NUCLEATION or 2D 

How Crystals Grow? 
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Â  Normal Growth  
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Normal Growth 

l crystal liquid 

crystal-liquid interface 
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Kinetics 

S. Glasstone, K. J. Laidler, H. Eyring, The Theory of Rate Processes (1941) 
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Harold Albert Wilson 

(1874 ð 1964), English 

physicist 

Yakov Il'ich Frenkel 

(1894 ð 1952),  Soviet 

physicist 

Normal Growth 

Fraction of prefered 

growth sites f 

H. A. Wilson, Phil. Mag. 50 (1900) 

Ya. Frenkel, Phys. Z. Sowjetunion 1 (1932) 

Main supposition: interface between 

growing crystal and the surrounding 

medium displays a sufficient high 

concentration of growth sites f. 
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H. A. Wilson, Phil. Mag. 50 (1900) 238-250 Ya. Frenkel, Phys. Z. Sowjetunion 1 (1932) 498-500 
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Normal Growth 
H. A. Wilson, Phil. Mag. 50 (1900) 

Ya. Frenkel, Phys. Z. Sowjetunion 1 (1932) 



Federal 

University 

of Bahia 

LaMaV 

Â  Screw  Dislocation  

Growth  
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Screw Dislocation 
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Surface is smooth but also imperfect at atomic level 
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About ()Tff =

David Turnbull (1915 ð 

2007), American physical 

chemist 
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William Hillig, 

American 

physicist 

dislocation line 

By definition: 

Growth takes place at step sites provided by screw 

dislocations intersecting interface 

Screw Dislocation 
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Â The screw dislocation 

mechanism was 

explained in crystals by 

Burton, Cabrera & Frank. 

Sir Frederick Charles 

Frank (1911 ð 1998), 

British theoretical 

physicist 

Nicolás Cabrera 

(1913 ð 1989), 

Spanish physicist 

W. K. Burton, N. Cabrera, F. C. Frank, Proc. R. Soc. Lond. A 243 (1051) 299ð358 

Screw Dislocation 
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Archimedian Spiral 
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: radial distance 

: angular coordinate 

Archimedes of Syracuse (c. 287 BC ð 

c. 212 BC), Greek mathematician, 

physicist, engineer, inventor and 

astronomer 
Archimedes, On Spirals (c. 225)  
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Â  Surface  Nucleation  

Growth  
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Surface Growth: 2D 
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