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Limited mobility 

Anisotropy interactions dominate Chemical shift 
anisotropy

Magic Angle Spinning  (MAS)
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SolidSolid --state NMR spectroscopystate NMR spectroscopy

The same structure units in a collection 
of molecules have different chemical 

shifts – there is no equivalence at it was 

in solution .
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Distribution of electrons is not symmetrical 
and is not motionally averaged
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Magic Angle Spinning (MAS)Magic Angle Spinning (MAS)

2.5 mm (<35kHz)

4mm (<20kHz)
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Implementation of 
cubic symmetry to 

a molecular 
system 
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Mechanical uniaxial rotation of a sample



Solid state NMR spectraSolid state NMR spectra
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XRD

NMR

Diffraction spots

1H-1H correlation spectrum

InteratomicInteratomic distancesdistances

Solid state NMR spectroscopySolid state NMR spectroscopy
1. NMR – a probe to electronic surrounding of specifi c nucleus 
2. High selectivity 
3. Structure and dynamics (distances 0.1-0.7 nm)
4. Crystalline, microcrystalline and amorphous subst ances
5. Complementary to XRD
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Elastin Simvastatin

amorphous crystalline

Solid state NMR spectraSolid state NMR spectra
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TwoTwo --dimensional spectroscopydimensional spectroscopy

A two-component system
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1D 1H MAS NMR pulse sequence
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1D 1H MAS NMR spectrum

2D 1H MAS NMR pulse sequence
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Determination of the Domain SizeDetermination of the Domain Size

Polymer blend 
Polycarbonate – Polyethyleneoxide (PC-PEO)

Amorphous phase  PEO-PC 
intimately mixed

Crystallites 

Amorphous PC 
inside PEO 
spherulites

Cross-peak: 
PEO-CH2  ���� PC-CH3 

Shape and size is not well-
defined

diagonal

diagonal
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Amorphous interface
of PE-PEO

Crystalline 
PEO

Xn = 110Xn = 170

Single-component
process

Double-component
process

2D 1H-1H CRAMPS

Determination of the Domain SizeDetermination of the Domain Size

Block copolymer 
Polyethyleneoxide-Polyethylene

PEO-PE

Crystalline 
PE

Cross-peak: PEO -CH2  ���� PE-CH2
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Clustering of Surface HydroxylsClustering of Surface Hydroxyls

Size of the clusters :

w-HB OH   1.5-2.0 nm
s-HB OH     < 1.0  nm
n-HB OH   0.5 -0.4 nm

Siloxane network 
(silica)



*
*

ppm

80 60 40 20 ppm
8

6

4

2

0

CH2-O 
CH-O

CH2-Si CH2
CH3

tm=250 ms
1H

13C

0.8 ppm (1H)

3.5 ppm (1H)

ppm

80 60 40 20 ppm
8

6

4

2

0

tm=800 ms
1H

13C

0.8 ppm (1H)

3.5 ppm (1H)

2D 1H-1H CRAMPS
1H-13C FSLG HETCOR
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Correlation signal: H (CHCorrelation signal: H (CH 33) x C (CH) x C (CH22--O)O)

Correlation signal: C (CHCorrelation signal: C (CH 22--O) x H (CHO) x H (CH22--Si)Si)
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At natural isotopic abundance information about int eratomic
distance can be derived from 1H-1H a 1H-13C dipolar couplings 
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Refinement of position of hydrogen atoms  Refinement of position of hydrogen atoms  
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Inhibitor of 3-hydroxy-3-methylglutaryl coenzym A (H MG-CoA) reductase
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Dipolar spectrum (Pake’s doublet)
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Amplitudes of segmental reorientationsAmplitudes of segmental reorientations

Polymer nanocomposite PA6-MMT1) Semicrystalline system
2) a-form, g-form and amorphous 

phase 
3)  Segmental dynamics in 

amorphous phase
4) Phase-selective experiments
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