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And in 1945 (SS)NMR was born… 

proton NMR of 

paraffin wax 

 
Purcell,  

Phys. Rev. 1946 

Ed Purcell 

1912-1997 

(Harvard) 

Felix Bloch 

1905-1983 

(Stanford) 

The Nobel Prize in Physics 1952 

"for their development of new methods for nuclear magnetic precision 

measurements and discoveries in connection therewith" 

"Dr Bloch and Dr Purcell! You have opened the road to new insight into the micro-world of nuclear physics. 

Each atom is like a subtle and refined instrument, playing its own faint, magnetic melody, inaudible to human 

ears. By your methods, this music has been made perceptible, and the characteristic melody of an atom can 

be used as an identification signal. This is not only an achievement of high intellectual beauty - it also places 

an analytic method of the highest value in the hands of scientists." 

 
from Les Prix Nobel en 1952, Editor Göran Liljestrand, [Nobel Foundation], Stockholm, 1953 



NMR TimeLine 



The Music of Atoms 
An (Ultra) Short Introduction to NMR 
Spectroscopy 



Nuclear + Magnetic + Resonance (Spectroscopy) 
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Nuclear + Magnetic + Resonance (Spectroscopy) 

Nuclear 

Magnetic 

Resonance 



The Magnetization 



The Magnetization 



Pulse, Free Induction Decay and spectral domain 

FT 



And do not forget to relax… 
 

FT 



The chemical shift interaction 
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Possibilities & Opportunities 

 Observability 

 Abundance 

 Gyromagnetic ratio 

 Quadrupolar momentum 

 Paramagnetism 

Numerous possibly sensitive nuclei but few easily observed 

The most usually observed are  «light» nuclei 

I=1/2 : 1H,13C, 29Si, 31P 

I=3/2 : 23Na, 11B, 7Li  

I=5/2 : 27Al, 17O 



Interactions 
in the Solid State 



Challenge : Strong Interactions 

Liquid: 

Weak interactions 

J-couplings 

 (up to 150 Hz) 

Solid: 

Strong interactions 

Dipolar couplings 

 (up to 50 kHz) 

Quadrupolar couplings 

 (up to MHz) 



1H NMR of L-alanine 

Challenge : Strong Interactions 

13C NMR of Glycine 
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It’s a Kind of Magic… 

Q2 

Q1 

Isotropic Chemical 

Shift 

 

CSA 

Dipolar 

couplings 

Q2 

Q1 

Isotropic J-

couplings 

 

 J-anisotropy 

Q2 

Q1 

I > ½ 

 

1st order Quadrupolar 

interaction 

  

 2nd order Quadrupolar 

interaction 

-50 0 50 100 (ppm) 

static 

MAS 

 MAS averages anisotropic 

interactions (to 1st order) 

 High-resolution spectrum 

for “isolated” spin ½ nuclei 
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Magic Angle Spinning 



31P MAS NMR of PbO-P2O5 glasses 

H. Maekawa et al.  JNCS 127 53 (1991) 

29Si MAS NMR of Na2O-SiO2 glasses 

Observing Qn Species 
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 Broad resonance lines : distribution (of 29Si or 31P) chemical shift due to structural disorder  

 Assignment of the resonances from (29Si or 31P) chemical shift range in crystalline lead phases 

 Unambiguous identification & quantification of the Qn units 



(27Al) Nuclear Magnetic Resonance 

Position 

(chemical shift, magnetic shielding): 

  coordination number 

  2nd coordination sphere neighbors 

  local geometry 

Width & shape 

(quadrupolar coupling, EFG): 

  (p-) orbital population unbalance 

  local polyhedra distortion 

  possibly long-range effect 

27Al - Y3Al5O12 (crystal) 

-20 0 20 40 60 80 
27Al frequency (ppm) 

27Al - HP NAS glasses 

-50 0 50 100 
27Al frequency (ppm) D. De Ligny  (Lyon) & D. Neuville (Paris) 



11B – Na2B4O7 (crystal) 11B – Na2B4O7 (glass) 

Solid-State Nuclear Magnetic Resonance 

11B frequency (ppm) 
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11B frequency (ppm) 
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NMR is an atom-specific local probe 

 distinguish between chemical environments 

 quantitative 



Interactions in the Solid-State 

Q2 

Q1 

Q2 

Q1 

Q2 

Q1 

propr. B0 

2nd order 

propr. 1/B0 

Chemical Shift Anisotropy 

 Electronic shielding 

 Chemical environment, 

coordinence & geometry 

Dipolar Couplings 

 Neighboring spin distances 

Indirect J Couplings 

 Chemical bonds geometry 

 Connectivity 

Quadrupolar Interaction 

 Electric Field Gradient 

 Surrounding electrons & 

nuclei geometry 

~kHz 1/r3 ~10s of kHz 

< 100s of Hz 

I>1/2, up to MHz 



Let’s go Two-Dimensional! 



NMR Timeline and Birth of 2D 



Principle of 1D NMR 



The Basic Idea 



The Basic Idea 



Two-Dimensional NMR 



Two-Dimensional NMR 



19F MAS NMR Spectras 

Correlating 19F with 27Al or 29Si… 

  

27Al{19F} correlation 
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 Through bond correlations 

between species 

 Spectral editing 



Identifying Dimers: 2Q/1Q Correlations 
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 Describes the network connectivity 


2J ~ 5 to 30Hz for P-O-P 

F. Fayon et al., Chem. Commun. 1702 (2002). F. Fayon et al., C. R. Chimie 7, 351 (2004).  

Through-bond P-O-P connectivities between two 

adjacent PO4 tetrahedra  

 Distribution of chain length in glasses with high 

modifier content 

Trimer? P-O-P connectivities between three 

adjacent PO4 tetrahedra  

 Triple quantum correlation spectra 



11B STMAS Na2B4O7 
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Deciphering Oxygen Spectra 

17O frequency (ppm) 

11Y2O3 17Al2O3 72SiO2 

Al/RE = 1.5 

Al/Si = 0.24 

Al-O-X only 

Y-O-(Al,Si) (Al,Si)-O-(Al,Si) 

{27Al}17O INEPT 
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 Unambiguous presence of Y-O-(SiO3)  

 but no obvious signs of Y-O-(AlO3) nor OY4 
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Y-O-(AlO3) 

Y-O-(SiO3) 

O-(Si,Al)3 



Conclusion 

Access to topological and chemical disorder: 

– description of the local environments (nature of 1st and 
second neighbors), 

–  quantification of their abundance, 

– describes the network connectivity, 

– quantification of topological disorder (bond & distance 
distributions) 

 
and also: validate MD models, access to various timescales of 
motions through in-situ high-temperature NMR, etc… 

What is SSNMR Good for in Glass Science? 



l’Infrastructure de Recherche RMN THC 



Class is Over… 
Do Science & Have Fun! 



Aknowledgments 

• F. Fayon, CEMHTI (Orléans, France) 
Curso RMN de Estado Sólido, Rio de Janeiro 2007 

• G. Pintacuda, CRMN (Lyon, France) 
Curso RMN de Estado Sólido, Rio de Janeiro 2007 

• T. Charpentier, CEA (Saclay, France) 
2e école du GERM, Cargèse 2013 

• P. J. Grandinetti, The Ohio State University (Columbus, USA) 
2e école du GERM, Cargèse 2013 

• N. Giraud, Université Paris Sud (Paris, France) 
2e école du GERM, Cargèse 2013 

• J. Titmann, University of Nottingham (GB) 
http://www.solidstatenmr.org.uk/lectures.html 

• Apperley, Harris & Hodgkinson, 
« Solid-State NMR – Basic Principles & Practice », Momentum Press, New York 2012 

 


