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Structure of nanosieves:  
 
Aleš Mohorič 
Ulrich Scheler, Leibniz Institute of 
Polymer Research, Dresden 
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Dynamics of polymer chain in  
molten polymer: 
 
Aleš Mohorič 
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Tractography in the mouse brain by DTI:  
neural tracts diameter= 1 – 30 μm 

White-matter neural tracts by DTI  
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Q-space Fourier transform of spin 
echo  is the probability distribution. 

Random variable 



Spin-echo with two short gradient pulses   

Solution for the diffusion between 
reflecting boundaries 
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Gradient spin echo of diffusion between parallel planes 
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Averaged propagator is  
q-space Fourier transform of  E(q,t) 

Time development of averaged  diffusion  
Propagator between parallel planes 
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Range of pores:  
a= 10-2 – 10-10  m 

Short Gradient Pulse Approxiation  

a > 1 mm 
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Multiple averaged propagator approach 
 

A. Caprihan, L. Z. Wang, and E. Fukushima, J. Magn. 
Reson.,Ser. A 118, 94 (1996). 
 

P. T. Callaghan, J. Magn. Reson. 129, 74 (1997). 

     pore size:  
a= 10-2 – 10-10  m 
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Gaussian phase approximation (GPA) 

no limits with respect to the  gradient pulse 
width or gradient waveform 
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Propagator of Gaussian Phase Approximation 
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Averaged propagator 
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spin echo 

p p/2 
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Diffusion between parallel planes 
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spin echo 

p p/2 
d d 

 

G G 

d2.5 ms   

Sieve of polyamid 
membrane soaked in water 

Bruker 500, 12T/m gradient coil 

Ulrich Scheler,  
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d2.5 ms   

Three components 
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PGSE measurements 
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Velocity autocorrelation spectrum 

Time domain 

 

 

Frequency  domain 

J. Stepišnik, Analysis of NMR self-diffusion 
measurements by density  matrix 
calculation, Physica B, 104, 350-64, (1981) 
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frequency m2p/T 0 

Velocity autocorrelation spectrum 
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In last decades of his life prof. Peterlin was 
interested in the study of polymer dynamics by 
NMR gradient spin echo at Institute J. Stefan. 

Aim to confirm de Gennes 
theory of reptation motion 
in polymer melt: 
Experimental data were left 
unexplained 
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NMR study of diffusion of butane in linear 
polyethylene 
Zupančič, I.,; Lahajnar, G.; Blinc, R.; Reneker, D.H.; 
Peterlin, A. Journal of Polymer Science, Polymer Physics 
Edition, 16, 1399-407 (1978) 
 

NMR self-diffusion study of polyethylene and 
paraffin melts 
Zupančič, I. Lahajnar, G.; Blinc, R.; Reneker, D.H.; 
Vanderhart, D.L.  Journal of Polymer Science, Polymer 
Physics Edition, 23, 387-404 (1985) 

We need  a model for D()! 
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- P.R. Rouse, J.Chem Phys. 21, 1272 (1953) 
- P.G. de Gennes, J. Chem.Phys. 55, 
 572-579 (1971), 
- M. Doi and S. F. Edwards, J. Chem. Soc., 
Faraday Trans. 74, 1789 (1978) 2)(txs

Times are in the range of few nanosecond to seconds. 
Distance scale is between nanometers to micrometers. 
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Rouse motion 
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Effects of internal fields: 

Dipolar interactions 

Susceptibility 
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NMR self-diffusion study of polyethylene and paraffin melts 
Zupančič, I. Lahajnar, G.; Blinc, R.; Reneker, D.H.; Vanderhart, D.L. 
 Journal of Polymer Science, Polymer Physics Edition, 23, 387-404 (1985) 
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