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of Bahia ÅMOTIVATION and OBJECTIVE 
 

ÅSTRATEGY and METHODS 
 

ÅDATA DIGGING and ANALYSES 
ïViscosity: data  

ïCrystal growth rates: models and data 

ïNucleation time-lags: experiments and data 

ïIonic Conductivity: experiments and data 
 

ÅRESULTS 
ïDiffusion coefficients calculated from:  

crystal growth rates U , nucleation time-lags t, 
viscosity h, conductivity s, direct self-diffusion 

measurements (for Li , O and Si) and calculated 
effective diffusion coefficients. 

 

ÅCONCLUSIONS 

OUTLINE 



Federal 

University 

of Bahia 

Å The diffusion processes controlling crystal nucleation and 
growth in complex glass forming liquids (e.g. oxides) have been 
a subject of intense debate and controversy but are still 
unknown. For example: 

 - Does the Stokes-Einstein or Eyring (SE) equation 
breakdown? i.e. is there a decoupling between Dh 
calculated by the SE equation and D at: 

 

 

 

 

 

 

- Which moving units control crystallization? Single atoms or 
is it a cooperative movement of ñmoleculesò? 

MOTIVATION1 

log10 D 

1/T 

Dh D 

Tg 

Td = 1.1-1.2Tg? 
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Crystallization theories typically contain a transport 

and a thermodynamic term: 
 

I(T) = (K/l3) Ö DI Ö exp(-W*/kBT) 
 

U(T) = (KË/l) Ö DU Ö [1-exp(-DG/kBT] 
 

     transport  thermodynamic 
 

Most authors use viscosity data and the SE / E 

equation to estimate D  
 lh

=ºº h

Tk
DDD B

IU

MOTIVATION2 



Federal 

University 

of Bahia 

ÅOur objective is to shed light into the 
previous questions by comparing 6 types 
of diffusion coefficients in Li 2OÖ2SiO2 
glass:  

Åcalculated from crystal growth rates, DU 
from nucleation time-lag, Dt, from 
viscosity, Dh, conductivity Ds, and 
calculated effective Deffôs; 

Åwith directly measured self-diffusion 
coefficients, Dcation. 

OBJECTIVE 

(*) from Zanottoós thesis 
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Crystalline Silica (Quartz, Sand) Silica Glass 

 

Silicon 

     Oxygen 

GLASS DEFINITION1 

M. L. F. Nascimento. J. Mat. Educ. 37 (2015) 137-154 
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Â Glass: non-crystalline solid that presents 

glass transition phenomenon 
V

o
lu

m
e

 

T 
melt 

T 
g Temp. 

Glass transition 

temperature 

definition Tg: 

volume variation 

with temperature. 

GLASS DEFINITION2 

M. L. F. 

Nascimento. J. 

Mat. Educ. 37 

(2015) 137-154 
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STRATEGY 

Â We measured, collected and analyzed 
extensive literature data on crystal growth 
rates, nucleation, time-lag, viscosity and 
self-diffusion coefficients in a wide 
temperature range - between the glass 
transition and the melting point - of 
ñstoichiometricò glasses that:  
 

i) nucleate in the volume: 

Â Lithium disilicate: Li 2OÖ2SiO2 
 

ii ) only nucleate at surface: 

Â Silica: SiO2 
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Crystal growth, viscous flow, conductivity, nucleation time-lag and 

self-diffusion coefficients, plus effective diffusion coefficient (the 

last is theoretical...) 

Â  1. Data Digging  & 

Analysis  of  6 Kinetic  

Processes  
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VISCOSITY DATA 

ANALYSIS 
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Litovitz and Mauroõs 

proposals are very similar 
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CRYSTAL GROWTH 

DATA ANALYSIS 

(The best fittings are shown by a red line) 
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i) Normal (N) 

 

 

ii) Screw Dislocations (SD) 

 

 

 

 

iii) Surface Nucleation (2D) 

CLASSICAL CRYSTAL 

GROWTH MODELS1 
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iii) Surface Nucleation (2D) 

Only one adjustable parameter for all: l  
2D: unknown surface energy g 
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TIME LAG DATA 
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Â Classical Nucleation Theory has many problems about 
the pre-exponential factor N0, diffusion mechanisms 

(DI), the dependence of surface energy g=g(r,T), 
metastable phases (DGV) etc... 
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ÅIn this work we will simple assume that diffusion for crystal 
growth and nucleation are near the same. We fixed N0 

and l as feasible parameters. 

NUCLEATION & TIME LAG2 
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CONDUCTIVITY DATA 

ANALYSIS 
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Â  2. Results  for 

Li2OÖ2SiO2 

M. L. F. Nascimento, V. M. Fokin, E. D. Zanotto, A. S. Abyzov. Dynamic processes in a 

silicate liquid from above melting to below the glass transition. J. Chem. Phys. 135 (2011) 

194703 
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Crystal growth, viscous flow, silicon and oxygen self-diffusion in a 

silicate glass that does not display nucleation in volume at 

laboratory time-scales 

Â  3. Results  for SiO 2 

M. L. F. Nascimento, E. D. Zanotto. Diffusion Processes in Vitreous Silica Revisited. Phys. 

Chem. Glasses  48 (2007) 201-216  
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DU º Dh at T > 1.1Tg 
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DU º Dh at T > 1.1Tg 
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DU º Dh at T > 1.1Tg 

DSi º Dh at T < 1.1Tg 

M. L. F. Nascimento, E. D. 

Zanotto Phys. Rev. B 73 (2006) 
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Td ~ 1.1-1.2Tg? 

i) Does the SE/ E equation breakdown at some low 

enough T? 

INITIAL QUESTIONS 

ii ) Which moving units control crystallization? Single 

atoms or is it a cooperative movement of molecules 

(Deff)? 
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CONCLUSION: SKETCH 

DU  (surface) > Deff (volume) 


