
5.6 Novel Techniques, Pulse Sequences, and Spin Dynamics

The instability for modulation frequencies higher than 1600 Hz is due to re-
maining eddy currents. This may be improved by using smoother edges of the
gradient pulse, or by combining a longitudinal eddy current delay with sine-
shaped gradient pulses and CPMG [3].
[1] Stepisnik J., Prog. Nucl. Magn. Reson. Spec., 17, 187 (1985).
[2] Stepisnik J., et al., J. Magn. Reson., 182, 195 (2006).
[3] Lasic S., et al., J. Magn. Reson., 199, 166, (2009).
[4] Winsor P. A., Chem. Rev., 68, 1 (1968).
[5] Weingartner H., Z. Phys. Chem. N. F., 132, 129 (1982).

P93 Bipolar double-PFG NMR Reveals Pore Morphology in Ran-
domly Oriented Cylindrical Compartments and in Spherical Yeast
Cells
Noam Shemesh 1, Evren Ozarslan 2, Peter Basser 2, Yoram Cohen 1

1 Tel Aviv University, 2 National Institute of Health
Diffusion NMR is the most important methodology for non-invasively char-

acterizing pore morphology. Scenarios such as diffusion in spheres or in lo-
cally anisotropic but randomly oriented compartments are extremely difficult to
characterize using conventional single-PFG (s-PFG) MR. The angular double-
PFG [1] (d-PFG) methodology at long mixing times (tm) offers a novel means
to overcome this limitation, since it provides quantitatively different angular
dependencies for spheres and randomly oriented cylinders [2]: a flat angular
dependence is expected for spheres, while a modulated bell-shaped function
is expected for locally anisotropic but randomly oriented pores [2]. Another
advantage of angular d-PFG is that it can be conducted at low q-values [3].
Here, we used controlled randomly oriented cylindrical pores, in which the in-
ner diameter (ID) and compartment shape are known a-priori. S-PFG and long
tm angular d-PFG experiments were performed. Scanning electron microscope
images confirmed that the specimen is indeed comprised of completely ran-
domly oriented cylindrical microtubes. The line width of the water resonance
in these pores was ∼ 0.5 kHz, a manifestation of large susceptibility artifacts.
Conventional s-PFG experiments surprisingly showed direction-dependant sig-
nal decay, clearly unexpected for randomly oriented compartments. However,
when we employed bipolar gradients in the s-PFG sequence (bp-s-PFG), an
isotropic decay was observed, as expected. The angular d-PFG experiments
yielded inverted angular dependencies, from which microstructural information
could not be obtained; therefore, we implemented a d-PFG NMR sequence with
bipolar gradients (bp-d-PFG). The angular bp-d-PFG NMR yielded the ex-
pected [2] modulated bell-shaped function, providing insights that could not be
inferred from s-PFG methodologies. First, the presence of restricted diffusion
was easily inferred, since the non-flat angular dependencies are only observed
when restricted diffusion occurs. Second, we could infer on the eccentricity
of the pores, a fact we could not infer from s-PFG experiments. To demon-
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strate that spherical pores yield a flat angular dependence in long tm angular
d-PFG experiments, we used a suspension of fixed spherical yeast cells. Indeed,
a flat angular dependence was observed, unequivocally characterizing the pores
as spherical. Very accurate pore size measurements were also obtained using
these approaches for both specimens. The bp-d-PFG methodology offers a new
quantitative means for characterizing pore morphology, including pore size and
shape. Applying bipolar gradients clearly eliminates the significant susceptibil-
ity artifact. Therefore, bp-d-PFG NMR may emerge as the method of choice
for non-invasive characterization of heterogeneous specimens characterized by
compartment shape anisotropy.
[1] Mitra, Phys. Rev. B 51, 15074 (1995).
[2] Ozarslan, J. Magn. Reson. 199, 56 (2009).
[3] Shemesh et al., J. Magn. Reson. 198, 15 (2009).

P94 NMR Relaxometry: Spin Lattice Relaxation Times in the Lab-
oratory Frame versus Spin Lattice Relaxation Times in the Rotating
Frame
Emilie Steiner 1, Mehdi Yemloul 1, Laouès Guendouz 2, Sebastien Leclerc 3,
Anthony Robert 1, Daniel Canet 1

1 Méthodologie RMN, Université H.Poincaré Nancy 1, 2 Laboratoire
d’Instrumentation Electronique de Nancy, Université H.Poincaré Nancy 1, 3

LEMTA, Nancy,France
Relaxometry dispersion curves display the spin lattice relaxation rate as a

function of the measurement frequency. However, as far as proton NMR is con-
sidered, dispersion curves usually start around 5 kHz and thus miss the very low
frequency region. This gap can be filled by the measurement of the spin-lattice
relaxation rate in the rotating frame. The issue of connecting both relaxation
rates is considered for two relaxation mechanisms: i) randomly varying magnetic
fields, ii) dipolar interaction within a system of two equivalent spins. Appropri-
ate data processing is presented and the random field mechanism turns out to be
adequate. Moreover, this procedure has proved to be essential for the analysis
of proton dispersion curves obtained for water embedded in mesoporous media.
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