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History: 1946

Page from Bloch's notebook showing the theory 
behind his famous experiment. Note coffee stains.

Bloch's apparatus. The water sample (hatched 
circle) is surrounded by transmitter and receiver 
loops. The main magnetic field (perpendicular to the 
plane) is not shown.

http://mriquestions.com/who-discovered-nmr.html, PhysRev 69:37, PhysRev 69:127

http://mriquestions.com/who-discovered-nmr.html


Differences between solution
and solid state spectra

(Apperley, 2012)



When would you use solid state NMR?

• The experimental sample is contained in media with little or no mobility 
(such as, a crystalline or powder state, membrane-bound system or aligned 
solution).

• Capable of looking at a variety of materials. It does not require crystalline 
materials like diffraction techniques, and can still determine local 
molecular environments.

• A huge variety of solid state NMR experiments are available for 
measurement of

• internuclear distances (dipolar recoupling)
• deconvolution of quadrupolar/dipolar influenced spectra
• probing site symmetry and chemistry
• observing solid state dynamics, etc. 



Solid state NMR has been applied to:

• organic complexes
• inorganic complexes
• zeolites
• polymers
• surfaces
• mesoporous solids
• microporous solids
• aluminosilicates/phosphates
• glasses
• food products
• wood/cellulose/lignin

• ceramics
• bones
• semiconductors
• metals and alloys
• archaeological specimens
• resins
• minerals
• biological molecules
• cements



Total Energy of interaction

𝐸𝐸𝑁𝑁𝑁𝑁𝑁𝑁 = 𝐸𝐸𝑧𝑧 + 𝐸𝐸𝑁𝑁𝑅𝑅 + 𝐸𝐸𝑆𝑆 + 𝐸𝐸𝐽𝐽 + 𝐸𝐸𝐷𝐷 + 𝐸𝐸𝑄𝑄 + 𝐸𝐸𝑃𝑃

• 𝐸𝐸𝑍𝑍 = 𝛾𝛾𝑗𝑗
2𝜋𝜋

ℎ𝑚𝑚𝑗𝑗𝐵𝐵0 Zeeman

• 𝐸𝐸𝑁𝑁𝑅𝑅 magnetic fields from RF irradiation causes transitions
• 𝐸𝐸𝑃𝑃paramagnetic interactions
• * in solution, each of these are motionally averaged to the isotropic 

component.

Internal interactions, depend on orientation, anisotropic *

(Apperley, 2012)
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Chemical shift anisotropy

Axially asymmetric (ηCS = 0.5)  
(σ11 ≠ σ22 ≠ σ33)

Axially asymmetric (ηCS = 1)  
(σ11 ≠ σ22 ≠ σ33)

Cubic
(σ11 = σ22 = σ33)

Axially symmetric (ηCS = 0)  
(σ11 = σ22 ≠ σ33)

(Ashbrook, 2009)
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(Schurko, 2010)



Summary: I = 1/2 NMR
• NMR spectra are affected by CSA, dipolar and scalar couplings

• MAS removes CSA (δCSA, ηCS)  
retains δiso

removes heteronuclear dipolar couplings
removes homonuclear dipolar couplings (fast MAS)

removes Janiso  

retains Jiso

• Decoupling removes heteronuclear dipolar couplings  
removes homonuclear dipolar couplings

removes Janiso and Jiso

(Ashbrook, 2009)



5 KHz, naturally resolved
From mineral octosilicate

1H spectrum from
3- Methoxybenzoic acid
Upper: 15 kHz no decoupling
Lower: with LG decoupling, 10 kHz

Organic compound in Si matrix 60 kHz, 800 MHz 1H 

HR-MAS organic compound on 
polystyrene bead

( from Apperley, 2012)



Advanced approaches
• NMR parameters provide information on structure and symmetry but much of this information  

is removed in the quest for higher resolution

• Recoupling Reintroduction of interactions into NMR spectra in a controlled manner  
Measurement of dipolar couplings and distances
Measurement of CSA parameters

• 2D NMR Separation of different interactions in different dimensions
Magnetization transfer by dipolar coupling giving through-space 
connectivity  Magnetization transfer by J coupling giving through-bond
connectivity

HeteronuclearHomonuclear: COSY like Homonuclear: DQ experiments

(Ashbrook, 2009)



(Schurko, 2010)



(Schurko, 2010)



(Ashbrook, 2009)



(Schurko, 2010)



https://ssnmr.chem.wisc.edu/



”

Doty 4mm Bmax Probe:  
Solids, semi-solids, and 
solutions can be 
studied. Any nucleus, 
quantitative data, slow 
diffusion, and high 
sensitivity are unique 
characteristics of this 
probe.

Solid State NMR
Phoenix 1.2mm 
CP/MAS Probe: 
Very fast 60kHz 
spinning enables 
the 1H-assisted 
detection of other 
nuclei.  

Bruker 4mm
HR-MAS Probe: 
High resolution 
NMR of samples 
containing 
solutions, gels,  
swellable solids, 
polymers and 
membranes

Bruker 4mm
CP-MAS Probe: 
Good starting point 
for most solids work 
--easy to use probe 
for routine spectra 
of most nuclei 
including 1H, 19F, 13C 
and 27Al

Bruker 3.2 mm
EF MAS Probe: Solid 
peptides, proteins, or 
carbon based 
materials.  Good for 
paramagnetic samples
Optimized to avoid RF 
heating



• Primarily a student-run operation
• Samples run by students
• Groups provide consumables

• Access obtained via training and coursework
• provided by facility staff

• Detailed Users Guides to assist in the use of equipment
• Facility staff can give expert advice on

• Experiment selection
• Manuscript preparation



Resources

• R.W. Schurko, An Introduction to Solid-State NMR, NMR Workshop - June 
24, 2010, Department of Chemistry & Biochemistry, University of Windsor, 
http://schurko.cs.uwindsor.ca/resources/ssnmr_workshop_cpmas-
schurko.pdf 

• Sharon Ashbrook, The Power of Solid-State NMR, CASTEP Workshop 
Oxford, August 2009 
http://www.tcm.phy.cam.ac.uk/castep/oxford/power_nmr.pdf

• M. J. Duer, Solid-State NMR Spectroscopy Principles and Applications, 
Blackwell Science, Ltd, Online ISBN:9780470999394, 2002

• D.C. Apperley, R.K. Harris, P. Hodgkinson, Solid State NMR: Basic Principles 
and Practice, Momentum Press, NY, 2012 (e-copy available)

http://schurko.cs.uwindsor.ca/resources/ssnmr_workshop_cpmas-schurko.pdf
http://www.tcm.phy.cam.ac.uk/castep/oxford/power_nmr.pdf
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