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Research at the Department of Nuclear Radiospectroscopy concerns various aspects of nuclear magnetic
resonance (NMR) and its applications to solids and to biosystems. Current research activity covers two areas:
investigation of molecular dynamics and structures in solids using magnetic resonance spectroscopy, and
investigation of humans, small animals and plants using magnetic resonance imaging and localized
spectroscopy.

The Magnetic Resonance Laboratory is equipped with a 7.05 T wide bore vertical superconducting
magnet (MAGNEX 300/89) with a home-built pulse spectrometer. It allows measurements of deuteron NMR
spectra at temperatures down to 5 K using an Oxford Instruments continuous flow cryostat. NMR high
resolution spectra for ^Si , ' 'B, ^Al and 31P nuclei can be measured using MAS-NMR probeheads.

The Magnetic Resonance Imaging Laboratory is equipped with a home—built 360 MHz MR microscope
based on a 8.4 T narrow bore superconducting magnet and a MRI/MRS system based on
a 2.0 T, 31 cm horizontal bore superconducting magnet. The 8.4 T magnet was obtained as a grant-in-aid
from Stanford Magnetic Resonance Laboratory, Stanford University School of Medicine in Stanford, USA.

The Department closely cooperates with the Department of Physics of the Jagiellonian University, the
Department of Radiology and Department of Neuropathology of the Collegium Medicum of the Jagiellonian
University, the Institute of Human Physiology of the Academy of Physical Education in Krak6w and the
Institute of Catalysis, Polish Academy of Sciences in Krakow.

International collaboration with several research centers as the Institute for Biodiagnostics, National
Research Council of Canada in Manitoba, Centre Resonance Magnetique FORENAP in Rouffach, France,
MR Centre at the Nottingham University in Nottingham, England, Center for Structural Biology at the
University of Florida in Gainesville, Florida, University of Turku, Finland and Max-Planck Institut fur
Medizinische Forschung in Heidelberg, Germany plays an important role in our activity.

MAGNETIC RESONANCE LABORATORY

Molecular reorientation studies aimed at disclosing tunnelling rotation and structural research of
amorphous solids were our main topics. Realisation of these projects, both supported by the grants of the State
Scientific Committee, required a continuous development of our NMR pulse spectrometer and theoretical
methods.
The spectrometer, of our own construction, was put into operation in 1997. Recent development was done in
the data aquisition by the introduction of a new A/D converter and a pulse programmer. Incorporation of such
advanced hardware was paralleled by a major extension of the software controlling the spectrometer that
allows us to perform more sophisticated pulse experiments.

Tunnelling and reorientations of mixed isotope rotors are currently the most interesting topics. For a given
deuteration rate of an ammonium compound we anticipate that deuteron NMR spectra consist of weighted
contributions from the following isotopomers: NH3D

+, NH2D2
+, NH3D

+ and ND4
+. Each isotopomer provides

a characteristic spectral component reflecting its mobility. Our computer programs supply simulated spectra
for various motional models which fitted to experimental ones allow us to evaluate the tunnelling frequency or
the reorientation rate.

Measurements were performed for a number of partially deuterated samples of (NH4)2S2Og, NH4CIO4,
NH4PF6, (NH4)2ZnCl4 and (NH^TeCk in the temperature range 5-100 K. The spectra of NHsD* ions are
particularly interesting. A new effect of an isotope ordering was observed. The deeper potential wells are more
populated at low temperatures and from that we can determine the magnitude of an asymmetry in the three-
dimensional potential. The asymmetry was found to be 7 meV in 9% deuterated (NH4)2S2Og.
The structural investigations of amorphous solids by NMR technique have obtained a major boost this year
due to the acquisition of a new MAS probe. It covers the full frequency range of all nuclei that are important
for structural research. Moreover, it can spin the sample at frequencies up to 15 kHz, which greatly improves
the sensitivity and resolution of the method. It is particularly important for quadrupolar nuclei possesing
a half-integer spin, such as n B, 23Na, and 27A1.

A special simulation program has been written for half-integer quadrupolar nuclei, which takes into
account the second-order quadrupolar interaction for the central transition under MAS. It can be used to
extract the structural parameters from the central band of the MAS-NMR spectrum. The program was applied
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to the n B MAS-NMR spectra measured in different forms of borax and colemanite. It was possible to
determine quantitatively the relative populations of tetrahedral and trigonal positions of boron atoms in these
compounds.

A series of synthetic ZSM-5 zeolites with different concentration of aluminium and boron oxides was
investigated by MAS-NMR. The samples were annealed at high temperatures for different periods of time in
the presence of water vapour. This process closely simulates the performance of the zeolite under natural
conditions of the catalytic reaction in the industrial installation. The purpose of the NMR study was to
determine the speed and temperature dependence of structural transformations occuring in such conditions,
namely the removal of aluminium or boron atoms from the matrix into the pores of the zeolite. A quantitative
analysis of these results is in progress.

A complete structural analysis of aluminium-boron-phosphate glasses was performed by measuring the
MAS-NMR spectra of 27A1, UB, 31P, and 29Si nuclei. The crucial role of silicon or sodium oxides as stabilizers
of the glassy form was confirmed. It was possible to determine the structure of dominant short range clusters
that form the glass, depending on the concentration of the stabilizers. A model of the aluminium-boron-
phosphate glass structure based on NMR and FTIR results was proposed.

MAGNETIC RESONANCE IMAGING LABORATORY

In 1998 we continued investigation of energy metabolites in human calf muscle (m. gastrocnemius)
during dynamic contraction, using localised 31P MR spectroscopy. This work was done in collaboration with
the Institute of Human Physiology of the Academy of Physical Education in Cracow. The dynamic foot
exercise was performed in the 2.0 T magnet on a specially constructed ergometer, recording generated work in
time with the resolution of 100 ms. The MR spectra was recorded using probe with surface coil, double tuned
to 3IP and proton frequency. The subjects were healthy voluntiers, physically active males. Improvements of
hardware and software was made, concerning field homogenity, rf probe optimization and data processing
method, to get faster and more accurate measurements of PCr concentration in working muscle. One of
investigated problems, was the influence of pre-exercise acidification on work generating capability of the
calf muscle. The results show a significant drop in work generating capabilities, increasing of PCr utilization
and fastening of acidification of investigated calf muscle, after pre-exercise acidification, induced by exercise
of other group of muscle.

We continued our investigation of water diffusion tensor in a spinal cord of the rat to detect and to
estimate the extent of damage in a drop-weight injury model. After studying excised injured spinal cord in
vitro, using MR microscopy, we performed our first sucessfull experiments in vivo of the diffusion tensor
imaging (DTI) at the centre of the injury and 5 mm away rostrally, in the same animal. The experiments were
performed at 9.4 T, in collaboration with the Institute for Biodiagnostics in Winnipeg. These were the first
measurements of the diffusion tensor in vivo reported. It was shown that DTI of the spinal cord can
differentiate between injured and control spinal cord tissues in both in vitro and in vivo experiments. A large
increase in isotropy index after injury was observed near the centre of injury, especially in the white matter.
This finding is in agreement with the pathophysiology of the spinal cord trauma. The final goal of these
research was to apply DTI technique to human spinal cord. We obtained our first diffusion images of the
human spinal cord on voluntiers using the spin-echo sequence with navigator-echo to correct motion artefacts
due to CSF and vascular pulsations. This work was done in collaboration with FORENAP in Rouffach, on an
experimental 3 T whole-body MR scanner. It showed that diffusion tensor imaging may be used in medical
diagnoses of the human spinal cord disorders. This work was done in collaboration with the Departments of
Radiology and Neuropathology Collegium Medicum of the Jagiellonian University.

Fast, graident echo imaging method, was applied to investigate drug tablets (Flegamin) dissolving
process, using real - time MR microscopy. Changing pH of the solver simulates dissolving in different parts of
gastrointestinal tract. This work, done in collaboration with the Institute of Pharmacy at the Medical Academy
in Warsaw, was a matter of disertation.

Theory, software and design of planar gradient coils, was developed. Work on designing and testing of
a 3T MR system, dedicated to brain functional imaging, was continued in colaboration with the Institute for
Biodiagnostic.
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