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Solid State NMR : Order & Disorder
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Unexpected coordination state of Si

J.F.Stebbins
'NMR evidence for five-coordinated silicon 
in a silicate glass at atmospheric pressure '

J.F.Stebbins
'NMR evidence for five-coordinated silicon 
in a silicate glass at atmospheric pressure '

Modèle de mécanisme de viscositéModèle de mécanisme de viscosité
SiSi55 a été identifié expérimentalement dans des verresa été identifié expérimentalement dans des verres

I.Farnan, J.F.Stebbins, "High Temperature 29Si NMR investigation of solid and molten silicates.", J. Am. Chem. Soc., 112 pp32-39 (1990).

in a silicate glass at atmospheric pressure.
Nature 351 638-639 (1991)
in a silicate glass at atmospheric pressure.
Nature 351 638-639 (1991)



différentes coordinences du 11B
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7% AlO5 pour la composition Ca50_25 – Plagioclase Si2Al2O8Ca



Ternaire SiO2-Al2O3-CaO
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CaO Al2O3 - Glass
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17O Résolution des différents sites Oxygène

Al O Al i l ti d l è l d’ l i d L t i Si AlO N

J.F.Stebbins, P.Zhao, S.K.Lee, J.V.Oglesby, "Direct observation of multiple oxygen sites in oxide glasses : 
recent advances from triple-quantum magic-angle spinning nuclear magnetic resonance.", J. Non-Cryst. Solids, 293-295 pp67-73 (2001). 

Al-O-Al : violation de la règle d’exclusion de Lowenstein Si3AlO8Na
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Phosphate Glasses : 31P MAS NMR
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Désordre géométrique et Chimique
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New Possibilities

l d fHeteronuclear Counting Relayed Transfer
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Anorthite Glass Si2Al2O8Ca
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Anorthite Glass Si2Al2O8Ca

All Si atoms
Q3

3 Q4
4 Q4

3 Q4
2 Q4

1 Q4
0

Q?

29Si

4

Q?
?

Q4
4

Si(OSi)n≥1

NMR29Si
(ppm) -100-90-80-70

Si(OSi) n≥2
NMR29Si
Anorthite

Crystalline & Glass

Geometry
J.Hiet, M.Deschamps, N.Pellerin, F.Fayon, D.Massiot

"Probing chemical disorder in glasses using silicon-29 NMR spectral editing"  Phys. Chem. Chem. Phys. 11 6935–6940 2009



(Y/La) Complex Glasses
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J-resolved experiment in Ca29SiO3 glass
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 Discontinuities not resolved but J(Si,Si) measurable
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"2J Si-O-Si scalar spin-spin coupling in the solid-state: the case of crystalline and glassy wollastonite CaSiO3"  J. Phys. Chem. C 113 2562-2572 2009



G03W ab-initio calculations of 2J(Si-O-Si)
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Evolution of 2JSiOSi as a function of iso
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Clusters AlO6
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S.K.Lee, M.Deschamps, J.Hiet, D.Massiot, S.Y.Park
"Connectivity and proximity between quadrupolar nuclides in oxide glasses: Insights from through-bond and through-space correlations in solid-state NMR"

J. Phys. Chem. B 113 5162-5167 2009



Triple Resonance Si/Al/B
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Emmanuel Véron travail en cours



T.Charpentier, P.Kroll, F.Mauri First-Principles Nuclear Magnetic Resonance Structural Analysis of Vitreous Silica J. Phys. Chem. C 113 7917-7929 (2009)
G.Ferlat, T.Charpentier, A.P.Seitsonen, A.Takada, M.Lazzeri, L.Cormier, G.Calas, F.Mauri "Boroxol Rings in Liquid and Vitreous B2O3 from First Principles" PRL 

101 065504 2008



Sorting the different nature of disorder
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http://www.tgir-rmn.org/ ou google “tgir-rmn”
RMN Solide à Hauts Champs : Orléans et Lille
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