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Line Width in 1H NMR Spectra
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Resolution Enhancement in NMR
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Anisotropic NMR Interactions

1H-13C dipolar couplings 13C chemical shift anisotropy
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Dipolar Sideband Pattern
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Saalwächter et al., Solid State NMR ,22, 154 (2002).
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Chemical Shift Anisotropy Pattern
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Morphology and Chain Dynamics in PE
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13C Chemical Shift Anisotropy
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Temperature Dependence

60 40 20 0 ppm0-4-8 4 8
ω/ωR

60 40 20 0 ppm0-4-8 4 8
ω/ωR

T [K]

320

340

360

9.1

Dij [kHz]

8.9

8.8

6.3

Dij [kHz]

5.6

5.0

solution crystallized UHMW-PE melt crystallized UHMW-PE



Observation and Analysis of 

Chain Translation Motion 

with 13C NMR Experiments 



Observation of Chain Translation

saturate 13C 13C relaxation / chain diffusion acquisition

t ≈ 0 t < 0



Time and Temperature Dependence
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Quantification of Chain Translation
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Quantification of Chain Translation
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Determination of NMR Crystallinity
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Chain Diffusion in Polyethylene

SC:  3.7 × 10-18 m2s-1

MC: 1.8 × 10-19 m2s-1
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Activation Energy of Chain Motion
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Chain Diffusion vs Local Jump Rate

Ea =50.3 kJ/mol
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Variation of Lamellar Thickness

Annealing lamellar, solution 
crystallized polyethylene 
close to the melting point 

leads to lamellar doubling.

Rastogi et al, Macromolecules 30, 7880 (1997). 
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Variation of Lamellar Thickness
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Variation of Lamellar Thickness
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time dependence of chain 
diffusion in the  fiber sample

~ 100 nm
lamellar thickness.



Chain Diffusion in Drawn Samples
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Conclusions

Anisotropic NMR Interactions in SC-PE
- highly restricted dynamics
- almost temperature independent  

Observation of Chain Translation
- local chain diffusion can be observed
- (NMR) crystallinity can be determined
- studies of local structure de/formation
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