
5.2 Micro- and Nanostructured Materials

bution analysis of 1H signals was performed by the in-house inversion software
(UpenWin).
Strong and rapid changes of the TD-NMR parameters during cement setting

were detectable for both cements. The »Solid« component increased at the
cost of the Liquid one and T1 and T2 distributions of the »Liquid« component
shifted towards shorter times with different kinetics for the two cements. The
observed behaviors are consistent with the formation, in this 30-day period of
hydration, of the solid matrix and of the buildup and evolution of the pore
structure of the C-S-H gel. A different kinetics of the onset of the solid signal
and a different final nanopore structure were observed for the two cements. The
results showed that Time-domain NMR is a useful technique to observe and
quantify the kinetics of solid matrix production and nanostructure formation
and can be used to compare new endodontic cement pastes in order to optimize
their performances.

P27 Calibrating d-PFG Filtered MRI Using a Novel Anisotropic
Diffusion Phantom
Michal Komlosh 1, Evren Ozarslan 1, Martin Lizak 1, Ferenc Horkay 1, Peter
Basser 1

1 National Institute of Health
Introduction: Diffusion MRI methods can provide valuable microstructural in-

formation about tissues and porous media within an imaging volume [1-3], how-
ever, calibrating them is problematic owing to the lack of suitable anisotropic
diffusion MRI phantoms. Here we constructed an anisotropic diffusion MRI
phantom to calibrate diffusion MRI sequences and validate models that relate
the diffusion MRI signal to the MRI pulse sequences and material microstruc-
ture. We then use this phantom to calibrate a d-PFG filtered MRI experiment
to measure and map mean pore size [4].
Materials and Methods: This new phantom consists of four 2 mm thick water-

filled glass capillary arrays (GCA) (Photonis USA). The nominal pore diameter
of two wafers is 10 µm; that of the other two is 25 µm. D-PFG filtered NMR
sequences were acquired by applying two wave vectors sequentially, and by vary-
ing the angle between them from 0◦ to 360◦. A 7 T vertical-bore Bruker DRX
microimager was used with PFG NMR parameters: δ = 3.15 ms, ∆ = 75 ms,
and G between 0 and 221 mT/m; and MRI parameters: TR/TE = 7000/12 ms,
FOV = 30 mm and slice thickness = 2 mm. An operator-based modeling frame-
work [5-7], which predicts the MRI signal attenuation due to restricted diffusion
within packs of impermeable cylinders as well as a free water compartment for
each d-PFG filtered MRI sequence, was used to estimate the pore diameter map.
ROI analysis was used to measure the average pore diameter and pixel-by-pixel
analysis was applied to create a mean pore diameter map.
Results and Discussion: ROI analysis of the d-PFG filtered MRI data yields

a pore diameter of 27.7± 0.1 and 27.75± 0.04 µm for the 25 microns ID wafers
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and 9.94 ± 0.09 and 10.0 ± 0.1 µm for the 10 microns ID wafers. A composite
GCA phantom, constructed by stacking wafers to produce a known distribu-
tion of pore diameters, can be used to calibrate diffusion MRI methods like
AxCaliber [2].
Conclusion: While a variety of media have been used successfully to cali-

brate diffusion NMR experiments, this anisotropic phantom and its associated
mathematical framework appears to be the first one to be able to calibrate dif-
fusion MRI experiments, including single, double, and multiple PFG MRI or
wave-vector based methods. Since the GCAs are stable over a large range of
temperatures and are available in various pore sizes and wafer thicknesses and
diameters, various embodiments of this phantom can be used in a variety of
applications ranging from material sciences to clinical and biological MRI.
[1] PJ Basser, et al. Biophys J 66, (1994).
[2] Y. Assaf, et al. Magn Reson Med 59, 1347, (2008).
[3] Y. Assaf, et al. Magn Reson Med 52, 965, (2004).
[4] ME. Komlosh, et al. Proceeding ISMRM 18, 3399, (2010)
[5] E. Ozarslan et al., J Chem Phys, 130, 104702, (2009)
[6] Grebenkov, Rev Mod Phys, 79, 1077, (2007).
[7] E. Ozarslan et al., J Chem Phys, 128, 154511, (2008).

P28 Physical State of Model Drugs in Mesoporous Confinement
Gregor Mali 1, Tina Ukmar 1, Aljaz̆ Godec 1, Venčeslav Kaučič 1, Miran
Gabers̆ček 1
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We investigated structural and dynamical properties of confined phases pre-

pared by impregnating mesoporous SBA-15 and MCM-41 with solutions of in-
domethacin with various concentrations and in various solvents. Indomethacin,
an anti-inflammatory drug, was chosen as a model compound, because it ex-
ists in a number of polymorphic and solvate modifications. In our study the
physical state of mesoscopically confined indomethacin crucially depended on
the concentration of the loading solution and varied from a molecular dispersion
at low concentrations to a "crystalline" solvate state at high loading concentra-
tions. The "crystallinity" was implied by well defined thermal transitions, very
similar to those of the bulk crystalline phases, and not by long-range order.
The confined "crystalline" phases were formed only from solvate-forming sol-
vents, because only supreme solubility of indomethacin in these solvents lead to
sufficiently high local supersaturations needed for crystal nucleation in confined
space.
As opposed to thermal transitions, NMR spectra of the confined phases ex-

hibited features of glassy phases. These features could be a consequence of a
high fraction of molecules at the surface of the crystallites. Atomic nuclei in the
surface molecules namely resonate at shifted frequencies because they experi-
ence different local environments, and also relax differently because of different
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