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Nuclear Magnetic Resonance

• RF field screened by free 
electrons (Knight shift) and 
electric field gradient of the 
neighbors.

• Applied dc field modified by 
hyperfine field.

• Relaxation by free electrons 
(Korringer process) and spin-
lattice  interaction.
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Nuclear Magnetic Resonance

• Local structure
– Knight shift 

– Electric field gradient
• NQR

• NMR Peak shape

– Hyperfine field

• Dynamics
– T1; spin-lattice relaxation time

• Diffusion; escaping the cage.

• Dynamic heterogeneity.



• Motion narrowing 
above Tg.





• Local symmetry similar to the crystalline compounds.











• Smaller Q means more spherical symmetry around Al.  It 
could imply smaller atomic level stresses.







D of Be by He ion back 
scattering, jump rate 

by 9Be NMR

• D shows a kink at Tg, but the jump rate does 
not.

• The kink at Tg is due to collective flow by other 
elements, not due to single jump of Be.



• Complex pulse sequence 
to extract detailed 
dynamic correlations, 
particularly the 
distribution in relaxation 
times.

• Non-exponential decay 
can be observed.





• β = 0.52.

• Distribution of 
relaxation times.



• Deviation from S-E 
relationship.



• Ratio of translational relaxation time to 
rotational correlation time.







Raman Spectroscopy

• Discovered (Feb. 28, 1928) 
by Sir Venkata Raman of 
Calcutta Univ. (Nobel Prize 
1930).

Professor, Indian Institute for 
Science, Bangalore (1933-48), 
Director, Raman Inst. for 
Research, Bangalore (1948-70).
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IR and Raman

• IR mode absorbs IR 
photon.

• Raman mode scatters 
IR photon.
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Raman Selection Rule

• Q = 0, nK for crystalline solids.

• All Q for amorphous solids because of incomplete 
umklapp.  Thus obtains the phonon DOS.

• Thus Raman gives no information on the Q 
dependence; neutron or x-ray inelastic scattering 
does a better job.





• Sensitivity to relaxation.



• Boson peak in many glasses.



• Connection to the diffraction peak.





• Raman and neutron data







• Dispersion minimum at the peak of S(Q).



• Vibrational DOS similar for glass 
and crystal, except for the low-
energy peak.

• Inelastic intensity related to 
S(Q).
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Summary

• NMR offers information about the local 
symmetry and dynamics.

• Dynamic heterogeneity is detected by NMR.

• Raman scattering gives direct information on 
the boson peak.

• But the Q resolution by neutron and x-ray 
scattering is important.


