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Pressure and Volume with the Gibbs 

free energy 

dG=VdP-SdT+∑i dn i 
 

Volume is the derivative of 

G by the Pressure 

 

We need: Equation of State 

V=f(T,P) 

 

Direct determination or by 

integration of the bulk 

modulus K 

 

in situ Brillouin  
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Entropy versus Volume 

Entropy is sensitive: 

• Vibrational properties  

• Short range order 

• Coordination number 

 

Sens of evolution known  

 

Volume is sensitive: 

• Short range order 

• Medium range order 

• Angles between units 

 

Sens of evolution unknown  

 



Why so much possibilities for SiO2? 

Galeener 82 Gibbs et al. 81 

Cycles 

Network very flexible as shown with SiO2 polymorphs: 

 - coesite (n=4) 

 - quartz (spiral of 6) 

 - tridymite (n=6) 

 - cristobalite (n=6) 

 - zeolites (n=6) 

Angles 

No significant  

energetic effect  



Evolution of volume with the 

composition 

Glass Liquid 

Liquid additivity of oxides  no additivity from oxides  

Bockris et al. 1956 

1400 K 
298 K 

Densification 

of 6.5% 



Modelisation of the volume with 

composition 
Using the database SciGlass 

Priven and Fluegel 



Modelisation of the volume with 

composition 

Molecular Approach 

Doweidar 

 

Additive model on the  

Qn species 

Here a structural model is needed 



Modelisation of the volume with 

composition 
Effect more complex with change of 

coordination 

Mixing terms can take in account these variations 

Hendersen and Wang 

Eur. J. Mineral. 

2002, 14, 733-744 



Variation of volume with cooling rate  

Normal (GeO2) Anormal (SiO2) 

Anomalous relationship of silica glass with cooling rate explain by Sen with 

polyamorphism 



Silica glass and polyamorphism 

McMillan et Wilding JNCS09 Mysen Richet 08 

Sen et al. PRL 04 

LDA HDA 

Silica polyamorphic transition smeared on a large T range? 

Continuous evolution? 



Titanosilicates 

Shelby Phys. Chem. of Glasses 205  

Mysen and Richet 2005 

SiO2 

ULE 

10-3 

Sample 

Na2O         

/mol% 

SiO2                   

/mol% 

TiO2                

/mol% 

M                   

/g mol-1 

Mic 1:2 35 56 9 43,91 

Mic 1:4 22 68 10 45,00 

Mic 1:8 12 78 10 45,79 

Mic 1:16 6 85 9 46,20 

ULE 

1:16 6 87 7 46,05 

ULE 0 94 6 46,45 



Molar volume versus fictive temperature 
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• The variation of the Molar volume with Tf is increasing with the concentration of Na2O 

 

• Due to the precision of the buyancy measurement the ULE glass here appears constant 



Evolution of longitudinal sound velocity 
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SiO2 C. Levelut et al. 2007 

ULE glass behaves very differently from the Na containing glasses 

 

ULE has more or less the same behavior than pure silica glass 

Could it be associated with HDA to LDA transition? 



Densification and Energy 

Rouxel PRL 08 

Schmelzer and Gutzow 2011 



Evolution of Tg with densification 

CaMgSi2O6 densified at 500MPa at 1040K for 10 min 

Continuity between Tf and Pf  



Relaxation of densified silica glass 

200 400 600 800

D1

D
2 v- SiO

2

Belt 16.5%

In
te

n
s
it
y
 (

a
.u

.)

Raman shift (cm
-1
)

a

DAC 16%

0 5000 10000 15000 20000
0.0

0.2

0.4

0.6

0.8

1.0

 900 °C

 850 °C

 885 °C

tr
a
n

s
fo

rm
a
ti
o
n
 r

a
te

 y

time (s)

b - Belt 16.5%

Cornet et al. J. Chem. Phys. 146 (2017)  

0 5000 10000 15000 50000 60000
0.0

0.2

0.4

0.6

0.8

1.0

 700°C

 650°C

 500°C

tr
a
n

s
fo

rm
a

ti
o
n

 r
a
te

 y

time (s)

a - DAC 21%

Very fast evolution at 

temperature a lot below Tg 

Transformation does not 

reach the final relaxation 

state 

Slow evolution at higher 
temperature but still 
below Tg 

Transformation reachs 
the final relaxation state 

Cold and hot 

compression lead 

to two different 

glass with the 

same density 

At least two order parameters are needed to define the densified state 

No link with Tg…. 



Existence of an intermediate exited 

state 
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Existence of at least two megabassins  

Perhaps then change of the order 

parameter 



LDAb      LDAa 

Elastic anomaly of SiO2 glass 



Densification and elastic anomaly 

progressive densification 

LDA                HDA 

2,20gcm-3                     

2,66gcm-3 

Disappearance of elastic anomaly 

 at 40% of the maximum densification 

The minimum does not shift 



SiO2 glass ex situ 

Raman measurements ex situ 

LDA                HDA 

2,20gcm-3                     

2,66gcm-3 

6 membered rings                  

to 4 membered rings 

6 4 3 

Could be a good candidate 

for a change of mega basin 



Na2O-Al2O3-SiO2 system and samples 

Chemically induced 

transition LDA-HAD 

Limit for NS4 

Cristobalite 

6 membered ring 

Albite 

4 membered ring 

Nepheline 

6 membered stuffed ring 

Dehydrated Analcite(Stoffel et al. ZAAC 2016) 

4 membered ring 



Binary SiO2-Na2O 
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Two possible interpretations: 

• Same slope at high pressure shift of 

the position of the minimum with 

increasing Na content: shift of the 0 

• Progressive increase of HDA with Na 

content 

The prediction of Huang‘s group is correct 
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Effect of the Na/Al ratio on permanent densificaton 

NA 75.00 / NS3 NA 75.06 NA 75.12 / Albite 

• Elastic hardening with densification higher for polymerized compositions 

• NS3 no significant densification so already 100% HDA 

• Hysteresis cycles: probably coordination change of Si and Na, bigger 

when depolymerized  



Decreasing SiO2 at Al/Na=1 
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Three possible effects: 

• Anomaly can take place 

with smaller rings 

• Al is as good as Si in rings 

• Filling the holes by Na 

 

Here the minimum strongly 

flatted suggesting the 

disappearance of the structure 

responsible of the elastic 

anomaly… HDA formation? 

 

 



Limit of the elastic anomaly 

LDA 

HDA CaMgSi2O6 

CaO/MgO 

To be submitted 

Window Glass 

Tran thesis Montpellier 



Conclusion 

• Modélisation compliquée 

• Evolution en Pression très riche 

en information 

• Volume et temperature fictive 

liée à la polymerisation 

• Polyamorphisme multiple 

• HAD/LDA approche qui pourrait 

peut être aussi aider à la 

modélisation? 

Guerette et al. J. Chem. Phys. 148 (2018)  

Hot Compressed  

HDA 

Cold Compressed  

HDA 


