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The First symposium on Field Cycling NMR Relaxometry was held in Berlin 1998, with the 
purpose of  

• bringing together all the researchers practicing FC methods with those who do not yet but 
are interested in applying this technique in the future 

• forming a discussion forum promoting and cultivating the description of molecular motions 
in complex system by spectral densities in relation to recent condensed matter theories and  

• dissemination of the information on the technique as well as the potential of its applications 
and it proved to be a big success.   
 
The second meeting, held in Torino 2001, was aimed with the intention of strengthening the 
interaction between FC users of different areas, stimulating the exchange of new ideas and technical 
features.  
 
Following the big success of the previous meetings, this third symposium will congregate again the 
fast growing and enthusiastic community of FC users & developers. Together again, for the 
discussion of new issues and insights.   
 

The symposium will consist of lectures and poster presentations on the following topics  
 

• Techniques & Instrumentation 
• Diamagnetic biosystems 
• Magnetic Resonance Imaging 
• Paramagnetic biosystems and level-crossing experiment 
• Polymers and liquid crystals 
• Porous media and surface systems 

 
Organizing Committee: 
 
Silvio Aime     (University of Torino - Italy)  
Robert Bryant     (University of Virginia - USA)  
Gianni Ferrante    (Stelar s.r.l. - Mede - Italy)  
Jean Pierre Korb   (Ecole Polytechnique- Palaiseau France)  

 
Organizing Secretariat : 
 

Martina Di Paolo  
Fondazione per le Biotecnogie  
Via Settimio Severo, 63  
10133 - Torino - ITALY  
Phone: +39 011 6600187  
Fax: +39 011 6600708  
 

Language:  
The official language of the Symposium will be English 

 
 
 
Internet web page: http://nmr.ch.unito.it/meeting/ffcrelax 
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Scientific Program 
 
 
23-5-2003  
 
11.30     Registration  
13.00     Lunch  
14.30 Session 1  C. Luchinat     Structural and dynamic information from NMRD of proteins  
15.00  G. Nicolle        8S paramagnetic centres in molecular assemblies: possible effect of their 
                                proximity on water relaxivity ?    
15.30  J. P. Korb        Surface relaxation in materials  
16.00   P. Caravan      Multinuclear Relaxation Studies with Diastereomers MS-325  
16.30    Coffee Break  
16.50 Session 2  J. F. Desreux   An Investigation of Solvent Extraction Processes by Nuclear Magnetic 
                            Relaxation Dispersion 
17.20  M. Vilfan         Field-cycling  NMR  relaxometry  of  a  confined mesogenic  fluid  
17.50  J. Kowaleski    Interpretation of NMRD data in slowly- and rapidly-rotating  
                           paramagnetic complexes in solution 
19.30 Dinner 
20.30 Time for poster and discussion  
   
24-5-2003  
 
9.30 Session 3 R. Kimmich    Polymer chain dynamics and how it manifests itself in NMR 
    experiments  
10.00  P. Levitz          Slow dynamics of embedded fluid in mesoscopic confining systems as  
                           probed by NMR relaxometry  
10.30  R. Bryant   High Resolution Field Cycling by Moving the Sample  
11.00   Coffee Break  
11.20   Session 4 P. Fries  Outer-sphere nuclear spin relaxation of charged and neutral solutes due  
                                                            to Gd III complexes in water. Coulomb forces and electronic relaxation 
    effects 
11.50  D. Lurie   Field-Cycling MRI with 0.5T Detection  
12.20  R. Muller   Field Cycling Relaxometry, an Efficient Tool for the Quality Control of 
    Superparamagnetic Particles Dispersions  
13.00   Lunch  
14.30 Session 5  A. Redfield   Pneumatic Field Shuttling Device Attached To A Shared Commercial 
     Nmr  
15.00   D. Sousa   Development of a Fast Field Cycling NMR Spectrometer: an experience  
   based on the use of IGBTs  
15.30  E. Anoardo   Order Director Fluctuations Enhancement By Ultrasonication In 
    Nematic and Smectic A Mesophases 
16.00   S. Staph   The effect of microscopic restrictions on the statistics of polymer motion  
16.30 Coffee Break  
16.50 Session 6 P. J. Sebastiao NMR relaxometry studies in smectic C phases of new organo-siloxane  
  Liquid crystal compounds 
17.20  T. Apih   Field-cycling and double resonance methods for the detection of 14N  
   NQR signal  
17.40  Time for posters and discussion 
19.30 Buffet/mixer and informal discussions in the commons area, patio, andbar.  
 
25-5-2003  
 
9.00    leaving for S. Miniato  
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Structural and dynamic information from NMRD of proteins 
 

Claudio Luchinat 
 

CERM and Department of Agricultural Chemistry 
University of Florence – Via L. Sacconi, 6 – 50019 Sesto Fiorentino – Italy 

 
Examples are shown on the use of NMRD to obtain information on the hydration, structure and/or 
mobility of proteins. Analysis of NMRD profiles of a paramagnetic copper(II)-containing protein is 
shown to provide information that is propedeutical for, and complementary with, the information 
that can be obtained from high resolution NMR. 17O and 1H NMRD data on a rubredoxin mutant 
suggest an increased hydration of the metal environment, which may result from the 
opening/closing of a channel. On diamagnetic proteins NMRD has been used to determine the 
degree of spontaneous or induced unfolding, the presence of monomer/dimer equilibria, and the 
changes in hydration/mobility upon glycoconjugation. 
 
 



8S paramagnetic centres in molecular assemblies : does their 
proximity affect the water proton relaxivity? 

 
Gaëlle M. Nicolle, Lothar Helm, and André E. Merbach 

 
Institute of Molecular and Biological Chemistry, Swiss Federal Institute of Technology EPFL-BCH, 
CH-1015 Lausanne, Switzerland. 
 
Among the parameters influencing  the inner sphere water proton relaxivity, the rotational 
correlation time or the water exchange rate are normally the limiting ones.1 The increase of the 
magnetic resonance imaging contrast can be directly correlated to the decrease of the tumbling of 
the complex and/or the enhancement of the water exchange rate. When both factors are conjugated, 
an optimal relaxivity of about 120 M-1s-1 could be reached in theory for rigid systems. With this aim 
in view, two main routes can be chosen for the design of a system, one where only one fast water 
exchanging complex is attached to a macromolecule (e.g. proteins, fullerenes..) and an other one 
where several Gd(III) complexes are bound to macromolecular assemblies. This latter case is 
particularly interesting since the obtained system would have a high relaxivity if expressed per 
mmol of macromolecules. However a consequence of such design is to bring the Gd(III) ions close 

Figure. Influence of the proximity between EPR and 1H NMRD s

to each other and to create dipole-dipole interactions between them. 

the Gd(III), rGdGd, on the relaxivity 
profiles of micellar Gd(III)x / Y(III)(1-x) 
gadofluorine 8. x = 1 (∇), 0.5 (*), 0.2 (◊) 
and 0.1(•). 

tudies are reported here 
for two examples, a binuclear chelate and  
micellar aggregates, in which the interaction 
between electron spins of Gd(III) is responsible 
for the increase of the electronic relaxation rate. 
This effect was separated from other relaxation 
processes by replacing successively Gd(III) by 
the very similar diamagnetic Y(III). This 
increase in electronic relaxation can have 
undesired consequences on the “optimised” 
relaxivity at the MRI field. 

                                                 
1 Merbach AE, Tóth É (eds). The Chemistry of Contrast Agents in Medical Magnetic Resonance Imaging. Wiley: 
Chichester, 2001 



Surface rela

Jean-Pierre Korb

xation in materials 
 

, Fabien Ba

Laboratoire de Physique de la M

Ecole Polytechnique, 91128 Palaiseau Cedex, France 

 

 

 We show how nuclear magnetic spin-lattice relaxation dispersion of 1H-water can provide a 

direct reliable value of the specific surface area of a cement-based material [1]. The remarkable 

features of the relaxation dispersion support an interpretation in terms of coupled solid/liquid 

relaxation at pore interfaces, surface diffusion and nuclear paramagnetic relaxation. The 

measurement is sufficiently fast to be applied continuously during the progressive hydration and 

setting of the material. We show also how this method is relevant to other chemically reactive 

porous media in chemical engineering and oil recovery. For instance, we present our recent 

experiments performed in water/oil saturated petroleum rocks [2, 3]. We believe that these 

experiments give new information about the surface localization of these two saturating liquids in 

petroleum rocks  

 

 
[1]  F. Barberon, J.-P. Korb, D. Petit, V. Morin, E. Bermejo, Phys. Rev. Letters 90, 116103 

(2003). 
[2] S. Godefroy, J.-P. Korb, M. Fleury, R.G. Bryant, Phys. Rev. E 64, 021605 (2001). 
[3] S. Godefroy, M. Fleury, F. Delandre and J.-P. Korb, J. Phys. Chem. 106, 11183 (2002) 
 
 

rberon, S. Godefroy, Dominique Petit 

atière Condensée, UMR 7643 du CNRS, 



Multinuclear Relaxation Studies with Diastereomers of MS-325. 
‡ ‡ † # 

 
‡ EPIX Me † ew York 
Medical College, Valhalla, NY USA.  CERM and Department of Agricultural Biotechnology, 

Universit no, Italy 
 
MS-325 is a gadolinium(III) based contrast agent for magnetic resonance imaging (MRI).  MS-325 
exists as two interconverting diastereomers because of the chiral methine carbon (R) and the central 
N which can have R or S chirality.  These diastereomers can be separated at pH 8; the 
interconversion is slow enough at pH 7.4 to allow a series of variable temperature experiments to be 

17

 
P. Caravan,  J. M. Greenwood,  M. Spiller,  and G. Parigi,

dical, Inc., 71 Rogers Street, Cambridge, MA, USA.  Dept. of Radiology, N
#

y of Florence, Via L. Sacconi, 6, I-50019 Sesto Fiorenti

performed.  Under physiological conditions (pH 7.4, 37 °C, in human serum albumin (HSA) 
solution), the isomers exhibit identical relaxivities within error.  
However at lower temperatures, differences become apparent.  
Using variable temperature O transverse relaxation rate data, the 
water exchange rate for the (R, R) isomer was found to be two-fold 
faster than the (R, S) isomer.  Variable temperature 1H NMRD of 
each isomer in the presence of human serum albumin was measured 
from 0.01 to 50 MHz.  The differences in the NMRD data between 
the two isomers could be attributed to the difference in water 
exchange rate.  The best-fit analysis was performed with taking into 
account the presence of both transient and static ZFS and by 
introducing an anisotropic rotation model, needed to better 
reproduce the profiles and to obtain physically meaningful 
parameters. 
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 Investigation of Solvent Extraction Processes by Nuclear Magnet

Relaxation Dispersion 

léry Host, Damien Breakers and Jean F. Desreux 

Coordination and Radiochemistry, University of Liège, Sart Tilman B6, B-4000 Liège, Belgium 

solvation and the complexation are 

dominant factors regulating the u

phenomena is required to reach

technical problems such as third

suitable for a detailed analysis o t 

molecules by the ligand donor g

stoichiometry of the complexes ater and 

of coordinating inorganic anion d of 

icelles in organic solvents is also easily studied by NMRD. These results are compared with data 

ollected by electrospray mass spectrometry and by light scattering. NMRD allows one to observe 

the formation of aggregates that are too small to be studied accurately by light scattering. NMRD 

could thus be an interesting complement to the small angle neutron scattering technique (SANS).  

 
 

 

 Despite its simplicity, solvent extraction is a highly efficient procedure for separating and 

purifying metal ions. Partitioning metals between an aqueous and an organic phase is the most 

commonly used technique in the nuclear industry for the reprocessing of nuclear wastes. The 

 of metal ions as well as the aggregation of the metal complexes 

 extraction processes A thoro gh understanding of the extraction 

 the highest selectivity in the metal separations and to avoid 

 phase formation. It will be shown that NMRD is particularly 

f these factors. The progressive replacement of organic solven

roups is readily followed by NMRD titration. The stability and the 

 are deduced from the titration curves and the influence of w

s is analyzed quantitatively. The formation of aggregates an

m
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Field-cycling  NMR  relaxometry  of  a  confined  mesogenic  fluid 
 

ebastião,2 D. Sousa,2 G. LahajnarM. Vilfan,1 P.J. S ,1 and J. Seliger1 

 
1Jozef Stefan Institute, Jamova 39, SI-1000 Ljubljana, Slovenia 

, Av. Prof. Gama  Pinto 2, 1649-003 Lisboa, 
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spect to the bulk on diminishing the frequency from the MHz into the kHz range. The first (rather 
mall) increase occurs between 1MHz and 10 MHz and corresponds to the slowing down of local 
olecular rotational/translational motion in the surface layer. Then a strong, but gradual increasing 

takes place through the whole kHz range. It results from slow rotations experienced by a molecule 
as it diffuses along the curved walls and crossings of glassy channels. The temperature dependence 
of  T1

-1 at 11 kHz shows a particularly interesting effect in the silanized sample. A few K above TLC-

I , a significant change in the slope of the T1
-1 vs. temperature curve occurs, indicating the 

appearance of the positional presmectic ordering. Up to now, such an effect has not  been observed 
by NMR in nematogenic compounds. 
 
[1] P. Ziherl, M. Vilfan, N. Vrbancic-Kopac, S. Zumer, R. Ondris-Crawford, G.P. Crawford, 
Phys.Rev. E 61, 2792 (2000). 
[2] M. Vilfan, N. Vrbancic-Kopac, B. Zalar, S. Zumer, G.P. Crawford, Phys. Rev. E 59, R4754 
(1999). 
[3] R. Lucht, Ch. Bahr, G. Heppke, Phys. Rev. E 62, 2324 (2000). 
[4] T.Jin,G.P.Crawford,R.J.Crawford,S.Zumer,D.Finotello, Phys.Rev.Lett. 90, 015504(2003).  
[5] M.I. Boamfa, M.W. Kim, J.C. Maan, Th. Rasing, Nature 421, 149 (2003). 

2Centro de Física da Matéria Condensada da UL
Portugal; Instituto Superior Técnico, Av. Rovisco Pais, 1049-001 Lisboa, Portugal 

 

Confined liquid crystals exhibit surface-induced order well above the temperature TLC-I where th
bulk liquid crystal becomes isotropic. In contrast to ordinary liquids, with the impact of the sur
limited only to a few nearest molecular layers, the surface-induced order in mesogenic fluids
liquid crystals above TLC-I, propagates up to mesoscopic distances away from the sub
Deuterium NMR spectroscopy and relaxometry turned out to be an excellent method to get
information on the magnitude of surface-induced order and on the spatial profile of the order
parameter in such systems [1,2]. Here we present a different approach to the problem, based on 
field-cycling proton NMR relaxometry. The advantage of this approach is the insight into m
dynamics in a much broader frequency interval, the observation of the order-formation in 
magnetic field, and the use of commercially available, non-deuterated liquid crystalline mate
Our study was motivated in particular by the recent experimental findings of a number of 
phenomena related to the formation of order on approaching T  from above: the nem
prewetting transition [3], the prenematic to presmectic phase transitions of either continous or
discrete nature in smectogenic fluids [1,4], and the magnetic-field dependent transitions in 
nematogenic mixtures [5]. 
  
The proton spin-lattice relaxation time (T1) measurements were performed as a function of  Larmor
frequency and temperature in the liquid crystal 4'-pentyl-4-cyanobiphenyl (5CB) confined into
porous glass with controlled size of pores (CPG, pore diameter ~ 70 nm) and in the bulk. In one
confined sample the glassy walls had not been treated before filling-in the liquid crystal (apart fro
cleaning), whereas in the other the walls had been previously covered by silane in order to induc
homeotropic anchoring of molecules at the wall. Both samples show a two-step increase in T1

-1 wit
re
s
m



Interpretation of NMRD data in slowly- and rapidly-rotating 
paramagnetic complexes in solution 

 
Jozef Kowalewskia and Danuta Krukb 
 
aPh
bInstitut
 
 

ar weight systems. One- or two-parameter adjustments were then 
ccessfully used to interpret these data sets2,3.  

ysical Chemistry, Stockholm University, S-106 91 Stockholm, SWEDEN.  
e of Physics, Jagiellonian University, PL-30-059 Krakow, POLAND.  

Proton NMRD profiles for some paramagnetic, low-molecular weight Gd(III) and Mn(II) 
complexes and their protein adducts are re-interpreted. For slowly-reorienting systems, which are 
simpler to treat, we have used a theoretical model consisting of the following elements1: 1) The 
unperturbed Hamiltonian and the energy level structure for the electron spin system is determined 
by the Zeeman interaction and a static zero-field splitting (ZFS) interaction. 2) The electron spin 
relaxation is caused by a transient ZFS and is described using the Redfield theory. The relaxation 
matrices are constructed using the eigenstates of the unperturbed Hamiltonian. 3) The electron spin 
relaxation and nuclear paramagnetic relaxation enhancement (PRE) depend on the relative 
orientation of the ZFS and Zeeman principal frames and can be powder-averaged. 4) The outer 
sphere contribution to the PRE can also be included. This model is found to give good fits to the 
protein-adducts data. 
For rapidly-reorienting analogues, we have used a newly developed model, valid in certain limits 
and including explicitly the effect of molecular reorientation2. Most of the parameters obtained from 
the analysis of the NMRD profiles for macromolecular adducts could be transferred to the 
corresponding low-molecul
su
1. D. Kruk, T. Nilsson and J. Kowalewski, Phys. Chem. Chem. Phys., 3 (2001) 4907. 
2. D. Kruk and J. Kowalewski, J.Magn. Reson., in press. 
3. D. Kruk and J. Kowalewski, J. Biol. Inorg. Chem., in press 
 
 



Polymer chain dynamics and how it manifests itself  
in NMR experiments 

 
ich1, Elmar Fischer1, Uwe Beginn2,  

Nail Fatkullin3, Alexei Denissov3, Margarita Kroutieva3 

, 
(rainer.kimmich@physik.uni-ulm.de

Rainer Kimm

 
1 Sektion Kernresonanzspektroskopie, University of Ulm, 89069 Ulm, Germany
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senting the neighbouring polymers. Such topological restraints by 

l, 

channels 
 linear 

c s-linking the solvent to form a solid matrix. Under 
he frequency, 

attice relaxation time and the segment 
a time scale shorter than the longest 

ouse relaxation time. The frequency dependence of the deuteron spin-lattice relaxation time was 
easured with the aid of deuteron field-cycling NMR relaxometry. The translational diffusion was 

investigated in the fringe field gradient (60 T/m) of a 9.4 T magnet. This experimental verification 
(1) is confronted with the finding in bulk entangled polymer melts where a substantially different 
dynamic behavior shows up in the same time/frequency window. It will be shown that the 
Renormalized Rouse theory perfectly accounts for the crossover between the high- and low-mode-
number limits predicted by the Renormalized Rouse theory. The experimental data are 
supplemented by Monte Carlo simulations and an analytical theory for chains in tubes with a 
radially harmonic potential. The crossover from Rouse to reptation dynamics upon variation of the 
effective tube diameter is shown (2).  A recent survey on NMR studies of polymer dynamics can be 
found in Ref. (3). 
 
(1) R. Kimmich, N. Fatkullin, R.-O. Seitter, E. Fischer, U. Beginn, M. Möller, Macromol. 
Symp. 146 (1999) 109.  
(2) A. Denissov, M. Kroutieva, N. Fatkullin, R. Kimmich, J. Chem. Phys. 116 (2002) 5217. 
(3) R. Kimmich, N. Fatkullin, Advances in Polymer Science, 2003, in press 

2 Abt. Organische Chemie III, University of Ulm and RWTH Aachen, Germany  
3 Department of Molecular Physics, Kazan State University, Russia/Tatarstan  
 
Three of the most popular model theories of polymer chain dynamics, that is the Rouse model,
Renormalized Rouse model, and the Tube/Reptation model, are considered with respect t
unambiguous NMR signatures. It will be shown that features of each of these theories can 
verified in NMR experiments provided that the model premisses are realized. On a length scal
much longer than the Kuhn segment length, polymer chain dynamics can be treated in the form of
superimposed relaxation modes. In the Rouse bead and spring model, these modes ref
unobstructed chain in a viscous medium. Topological constraints by mutual "entanglements" h
been considered in the well-known reptation model, where a "tagged" chain is surrounded by
fictitious tube repre
entanglements severely affect polymer dynamics. In the original version of the reptation mode
entanglements have been modeled by fixed obstacles. In the present study, we consider the 
influence of geometrical restrictions by confinement of linear polymers to 7 to 80 nm wide 
of a solid porous polymer matrix. The samples were prepared by spinodal decomposition of
polymer solutions and by polymerizing and ros
such circumstances, the most indicative signatures of reptation are verified: T
molecular mass, and time dependences of the spin-l
diffusivity obey T1~M0ν3/4 and D~M-1/2t-1/2, respectively, on 
R
m



Slow Dyn ystems 
as Probed by NMR Relaxometry 

CNRS-Ecole Polytechnique, Route de Saclay, Palaiseau, 91128 France 

 

uch slower than the 
mbedded fluid dynamics. It was recently proposed that the fluid self-diffusion nearby an interface 

amics of Embedded Fluid in Mesoscopic Confining S

 
Pierre Levitz 

 

levitz@pmc.polytechnique.fr 

 
Particle fluctuations in colloidal suspensions are generally considered to be m
e
follows a Levy statistics, extending the time domain of the fluid dynamics towards the low 
frequency range. It is then possible to probe colloidal particle motion and especially its evolution 
during a phase transition looking at the slow dynamics of the fluid molecule close to an particle 
surface. Using field cycling NMR dispersion experiments, we show how this anomalous diffusion 
provides a original way to follow the glass transition of a colloidal system made of plate-like 
particles of Laponite, a synthetic clay. The interplay between fluid Levy dynamics and particle 
jamming is discussed. A simple analytical model involving elementary time steps of the fluid 
dynamics nearby the colloidal interface is proposed and critically compared to experimental data. 
Possible extension to other colloidal interfacial systems is discussed. 



High Resolution Field Cycling by Moving the Sample 

Robert G. Bryant 
 

 
Chemistry Department, University of Virginia, Charlottesville, VA 22904-4319 USA 
 
Field cycling by moving the sample provides the opportunity for high resolution relaxation 
dispersion measurements at the short switching times. The sensitivity afforded by large preparation 
fields provides new opportunities for multinuclear characterization of and intermolecular dynamics.  

a 

ility.   
 
 
 

We use a two magnet system with a 7 T magnet positioned on top of a variable field iron-core 
electromagnet.  The isocenters of the two fields are separated by 82 cm and current transit time for a 
6 mm glass tube assembly is 160 ms. Observe sample volumes are approximately 0.5 mL.  
Resolution in the observe magnet is routinely 0.03 ppm.  By using an electron spin at one site and 
nuclear spin at a second site we may define a vector based on the electron-nuclear dipolar coupling 
and characterize the fluctuations of this vector which may reach to 20 Å.  Utilizing labile ligand 
exchange from one of the vector sites, we may adjust the relaxation rate at all field strengths to fall 
in the observation window as well as gain orders of magnitude in detection sensitivity.  This 
strategy permits characterization of intramolecular protein dynamics at the level of tens of 
micromolar protein or lower and is not strongly dependent on the size of the protein.  Thus, proteins 
incorporated into phospholipid vesicles may be studied with equal fac



Outer-sphere nuclear spin relaxation of charged and neutral solutes 
due to Gd(III) complexes in water. Coulomb forces and electronic 

relaxation effects 

. H. Fries , G. Ferrante , A. Guillermo , E. Belorizky , A.-L. Rollet , D. Chapon(1), 
(4) (5) (5) (5) 

EA-

itz, 

ancy 1, 

iamagnetic solutes in water, due to the electronic spins S of the Gd(III) aqua and DTPA 
omplexes, is investigated over a large range of magnetic fields between 0.2×10-3 and 18 Teslas. 
he outer-sphere dynamics responsible for the PRE is modeled as follows: The effective 

intermolecular potential energy 

 
(1) (2) (3) (3) (1)P

A. Favier , P. Mutzenhardt , H. Chaumette , D. Canet
 
(1) Laboratoire de Reconnaissance Ionique, Service de Chimie Inorganique et Biologique 
(FRE 2600), CEA/DSM/Département de Recherche Fondamentale sur la Matière Condensée, C
Grenoble, F-38054, Grenoble Cédex 9, France 
(2) STELAR s.r.l., via E. Fermi 4, 27035 Mede (PV), Italy 
(3) Laboratoire de Spectrométrie Physique, CNRS-UMR 5588, Université Joseph Fourier, BP 87, 
F-38402, Saint-Martin d'Hères Cédex, France 
(4) Laboratoire de RMN, Institut de Biologie Structurale Jean-Pierre Ebel, 41, rue Jules Horow
38027, Grenoble Cédex 1, France 
(5) Laboratoire de Méthodologie RMN, Faculté des Sciences, Université Henry Poincaré, N
FRE CNRS 2415, BP 239, F-54506, Vandoeuvre-lès-Nancy, France 
 
The paramagnetic relaxation enhancement (PRE) of various nuclear spins I on charged and neutral 
d
c
T

ISwβ  between the diamagnetic solute and the Gd(III) complex, also 
named potential of m culated by taking into account both the discrete 
nature of the water mo ated as hard spheres with embedded polarizable electric 
dipoles and quadrupoles, and the screening effects of the surrounding ions. The relative 
translational Brownian trajectories of the interacting species are described by the solutions of a 
Smoluchowski diffusion equation, characterized by a diffusion coefficient equal to the experimental 
value and by interm  their potential of mean force. The high-field 
nuclear magnetic relaxation dispersion (NMRD) profiles depend strongly on the Coulomb forces 
beween these semi bove 5 Teslas, they are nearly insensitive to the 
electronic spin relaxation of the Gd(III) ion in the complex and well explained by the proposed 
model of motion without adjustable parameters. On the contrary, the longitudinal electronic 
relaxation function arked influence on the low-field NMRD profiles. This 
influence allows one to test the model of zero-field splitting (ZFS) Hamiltonian of Gd(III), the 
rotational and vibrational dynamics of the complex, as well as the relaxation theory employed to 
derive the electronic spin relaxation from the model of fluctuating ZFS [3].  
 
This research was carried out in the frame of the European EC COST Action D-18 "Lanthanide 
Chemistry for Diagnosis and Chemistry". 
 
References 
[1] E. Belorizky, P. H. Fries, and S. Rast, C. R. Acad. Sci. Paris, Chim. 4, 825 (2001).  
[2] P. H. Fries, J. Richardi, S. Rast, and E. Belorizky, Pure Appl. Chem. 73, 1689 (2001).  
[3] P. H. Fries, G. Ferrante, E. Belorizky, and S. Rast, J. Chem. Phys. (submitted).  
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Field-Cycling MRI with 0.5T Detection 

vid J. Lurie, Gareth R. Davies, James M.S. Hutchison and Margaret A. Foster 
 
Da
 

epartmen of Bio-Medic Physics & Bio ngineering, University of Aberdeen, Foresterhill, 

r a number of years we have used magnetic field-cycling in combination with MRI. Our initial 
a

). We have also used field-cycling MRI to perform 
own quadrupole dips in the muscle tissue 

o
etric studies. 
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hauser effect there is a transfer of polarisation from electron to 

n
 applied and the NMR signal is 

etected. Regions of the sample in which the proton polarisation was changed by the Overhauser 

chieved in 40 ms.  

urements on 
amples up to ~300 ml volume, or of relaxometric 

dies, making it a unique, flexible 
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Fo
pplication was in combination with the Overhauser effect in order to image the distribution of free 

radicals in biological samples and living animals, using a method called field-cycled proton-
ectron double-resonance imaging (FC-PEDRIel
laxometric imaging, and have demonstrated the well knre

f volunteers. We are currently building a field-cycling MRI system with detection at almost 0.5 
sla, for use in free radical imaging and relaxomte
 FC-PEDRI the magnetic field is first switched to the low evolution field, B0

E, and the sample’s 
R is irradiated. Due to the OverEP

uclear spins (protons) in parts of the sample containing free radical molecules. The field is then 
switched to the higher detection field, B0

D, at which the gradients are
d
effect will exhibit altered intensity in the final image, revealing the distribution of the free radical.  
Simulations of FC-PEDRI have shown that the optimum B0

E value is around 5 mT, with EPR 
irradiation at around 100 MHz. The signal-to-noise ratio (SNR) in any small-sample field-cycling 
experiment is predominantly determined by the value of B0

D, so this should be as high as possible. 
We have previously constructed and used an FC-PEDRI imager with a detection field of 59 mT 
(NMR detection at 2.5 MHz), which gave the expected 6-fold improvement in SNR over a 10 mT 
fixed-field experiment. Our new imager, with detection at 450 mT, should achieve a further 8-fold 
improvement in SNR. 
The magnet system is illustrated in the figure. The B0

D = 450 mT field is provided by a 
superconducting magnet (inner bore 80 cm). Inside this is a resistive coil assembly comprising a 
field-offset coil, gradient/shim coils and an active-
shield coil, the latter preventing eddy currents in the 
cryostat of the superconducting magnet. The coil 
assembly has an inner diameter of 12 cm, making the 
system suitable for imaging mice or rats. To switch the 
field at the sample to the typical B0

E value of 5 mT, 
the field-offset and active-shield coils are driven with 
a current of 870 A, provided by a custom-built power 
supply amplifier (Copley Controls, Inc.). This can be 

262.00 mm

0.5 T superconducting 
magnet 

active shield
coil 

FC  
coil  

shim &  
gradient  
coils 

a
In addition to FC-PEDRI, the new system will also be 
capable of field-cycling relaxometry meas
s
imaging stu
instrument. 

752.00 mm

1730.00 mm  

120.00 mm

450 mT FC magnet system 
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radius increases with the [Fe2+]/[Fe3+  ratio. The evolution of size and 

d comprehensive method allowing for the 
of the agglomeration state of the crystals.   

elaxometry, an Efficient Tool for the Qu
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Nuclear Magnetic Relaxation Dispersion (NMRD) profiles of superparamagnetic particles 
suspensions provide physical information about the magnetic nanocrystals, namely their average 
radius r, their specific magnetization Ms, their anisotropy energy Ea and the extent of their 
clustering.  
Relaxometric results can be combined with those obtained by magnetometry, which gives crystal 
radius and specific magnetization, and by PCS which reports on the particle hydrodynamic size. 
Colloidal nanomagnets coated with dextran were synthesized by coprecipitation of a solution of  
ferric and ferrous ions with an alkali in the presence of dextran. The reaction was carried out 
through a mini mixing chamber. Reaction parameters like temperature and flow rates were carefully 
controlled. 
NMRD profiles confirmed the reproducibility of the syntheses.  
The effects of the reaction parameters like iron concentration, [Fe2+]/[Fe3+] ratio, dextran 
concentration and dextran molecular weight were investigated. 
Several features of the reaction were observed: 

i) the amount of particles containing more than one crystal per particle increases when the 
concentration of dextran decreases,  and, 

ii) the crystal ]
magnetization determined by relaxometry agrees with the one observed by 
magnetometry.  

Proton relaxometry has thus proved to be a rapid an
control of the quality of magnetic colloids, in particular 



PNEUMATIC FIELD SHUTTLING DEVICE ATTACHED TO A 
SHARED COMMERCIAL NMR 
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ing.  It is a device that allows us to measure the relaxation rate 
/T1) at any field lower than the center field, yet accesses the full capability of the spectrometer for 

reparation and readout.  It pokes into the top of Brandeis'  Varian 500 and can pull a standard-sized 

ern (Brandeis) we have  obtained 2D 15N relaxation measurements in cyclophilin, 

ur 

y.  It uses standard 5 and 8 mm thin-wall NMR tubes in 5 and 10 mm off-the-shelf 
 is not unusual for a mechanical 

 medium wall tubes are an option to 
m diameter shuttle, 127 mm long to 

wh is 
spectrometer is attained, reduced only by relaxation and inability to use flip-back to save the water 
ma zat
modificatio
denaturatio e learned to avoid bubbles some time ago and have apparently solved 

 
 

 
Our shuttler is complete and work
(1
p
NMR tube up to any fringe field down to 0.1 T, and back, in around 200 ms round trip.  With Mary 
Roberts (Boston College) we have  1D results on 31P relaxation on the octamer  d(GGAATTCC)2 
and on various phospholipid somicated unilamellar vesicles (SUV's). With Elan Eisenmesser and 
Dorothee K
proving that 2D shuttling spectroscopy is feasible. These novel results will be detailed at the Pisa 
Meeting, and we are very pleased with their variety and quality.  Here we will concentrate on o
shuttling device, which we modestly think is a prototype of what should be in every serious NMR 
structural biology lab. Details on our website and in a paper submitted to Magn. Resn. in Chem.  
The system can be wheeled in and set up in less than an hour by a non-specialist, and later removed 
just as easil
Varian probes in an unmodified Varian 500.  The round trip
shuttler, but the speed of traversing the low field region, and use of thin-wall tubes in a commersial 
system, are also important. Glass breakage limits the speed, and
go faster, especially eventually in a cryoprobe. It shuttles a 20 m

ich attached the sealed NMR tube, via a simple adapter.  The full sensitivity of the 

gneti ion. We can routinely do two-D 15N relaxation studies of a labeled protein using an easy 
n of a standard sequence. By far the most difficult problem is to avoid bubbles and 
n of enzymes. W

the denaturation problem for one enzyme (cyclophorin A),  as will be described. Supported by the 
Chemical Instrumentation Program of the N. S. F., and the Petroleum Research Fund of the A. C. S.



Development of a Fast Field Cycling NMR Spectrometer: an 
experience based on the use of IGBTs 
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vels between 0 and 0.21 T. In order to check the reproducibility of the T1 measurements using our 
FFC apparatus, experimental results in two well-known liquid crystal compounds 5CB and MBBA 
were obtained and compared with others published in the literature [5, 6]. 

 
 

[1] Noack, F.: “NMR Field-Cycling Spectroscopy: Principles and Applications”, Progress in NMR Spectroscopy, Vol. 18, pp. 171-276, 1986 
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[5] Graf V., Noack F., and Stohrer M.: “NMR Investigation of Order Fluctuations, Self-Diffusion and Rotational Motions in Nematic Liquid 

Crystal MBBA by T1-Relaxation Spectroscopy”, Z. Naturforsch. A, 32, 61-72, 1977 
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Relaxionszeiten”, Universitat Sttutgart, 1985 
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In this work we report the development of a Fast Field Cycling (FFC) Nuclear Magnetic 
Resonance (NMR) spectrometer [1] based on the use of IGBTs (Isolated Gate Bipolar Transistors). 
We describe the operating principles of a pulsed switched computer controlled power supply and 
we report the magnet design and its associated cooling system. 

The power supply uses a variant of a four-quadrant chopper with a duty cycle that defines the 
average output current. With this topology only two semiconductors are necessary to drive hundreds 
of amperes with an output power of several kilowatts. The output current ripple has a well-defined 
shape that can be reduced to acceptable values by a careful design of the semiconductors’ 
controlling circuits and drivers. The system is computer controlled using pulse generator and data 
acquisition PC cards, and specific user-friendly home-developed software [2, 3]. 

The magnet was designed in two stages [2, 4]. In the first stage a symmetrical cylindrical 
magnet is designed to generate the target magnetic field at the magnet geometric centre, for a 
constant current and cross section of the conductors, based on the thin circular loop coil model. In 
the second stage the optimisation algorithm improves the magnetic field homogeneity by adding or 
removing coils from the magnet obtained in the first stage. A FFC 1.6 T magnet was built according 
to the described procedure using copper wires of rectangular cross-section. Due to the high 
Power/Volume ratio of the FFC magnets, during the magnet design a compromise between the 
magnet volume and the cooling system capacity, proportional to the magnetic layer width, was 
established. 

The power supply prototype and the home build air-core magnet were first tested with field 
le

http://www.brandeis.edu/
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NMR

th mesophases. 
b)- T

served frequency 
wind

smectic ODF (assuming a Larmor frequency dependence ν ), is more related with a 
false 

2002). 
[2]- S. Nagai, P. Martinoty and S. Candau, J. Phys. 37, 769 (1976). 
[3]- F. Bonetto, E. Anoardo and R. Kimmich, J. Chem. Phys. 118, (2003) in press. 

ev. 

Pav   

 

 
 relaxometry was used to study collective motions in standard thermotropic nematic and 

smectic liquid crystals (5CB, PAA, 8CB and 11CB) in the presence and absence of ultrasonic 
irradiation. In this presentation we address 3 main points: 
a)- A realistic interpretation of the T1 relaxation dispersion in bo

he nature of the ultrasound – order director fluctuations (ODF) interaction. 
c)- The utility of the “ultrasound-assisted” NMR relaxometry for the study of molecular 
dynamics. 

 
Early results in a nematic phase revealed that the acoustic energy transferred to the molecular 
system at a well defined frequency is efficiently distributed in the whole ob

ow [1]. Results were explained on the grounds of the interaction between the acoustic field and 
the nematic ODF dynamics [2]. The orienting effects of the ultrasonic field, scarcely discussed in 
the literature, were considered for the formulation of a new free energy term that allowed us to 
successfully interpret the results [1,3]. The same free energy orienting term was also recently 
proposed on a more rigorous basis in connection with optical experiments [4].  
 
A more complex situation applies to the smectic phase, where even the non-sonicated dispersion is 
still not yet understood. However, it is now clear that the low-field strong dispersion, usually 
attributed to 1

dispersion due to experimental pitfalls [5]. Relaxation experiments under sonication are useful 
to shed some light onto the problem. 
 
[1]- F. Bonetto, E. Anoardo and R. Kimmich, Chem. Phys. Lett. 361, 237 (

[4]- J. Selinger, M. Spector, V. Greanya, B. Weslowsky, D. Shenoy and R. Shashidhar, Phys. R
E66, 51708 (2002). 
[5]- E. Anoardo and R. Kimmich, XXXII National Congress on Magnetic Resonance GIDRM, 

ia – Italy (2002). Submitted.
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The effect of microscopic restrictions on the statistics of polymer 
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ers melts, which is 
usually quantified by the time-dependence of the mean-squared displacement of particular chain 
s
m
t cause motion in a chain of connected 
m be predicted for 

nce by molecular 
reorientati

ers, these power-law relations could be identified [1] and have been successfully explained by 

 ambient temperature [6]. Field cycling relaxometry shows 
at the well-known power-law regimes found for bulk PB can still be identified for long PB chains 

 triblocks where 
 curves, employing the Vogel-

tion of the 

bservable. If more than two segments of a molecule are fixed, such as in 

law dependence compared to undisturbed melts is found. 
 

The Theory of Polymer Dynamics. Clarendon Press, Oxford, 1986. 
[3] N. Fatkullin, R. Kimmich, J. Chem. Phys. 101, 822 (1994).  
[4] S. Kariyo, S. Stapf, Macromolecules 35, 9253 (2002). 
[5] S. Kariyo, S. Stapf, Solid State Nucl. Magn. Reson., submitted 
[6] T. Dollase, R. Graf, A. Heuer, H. W. Spiess,  Macromolecules 34, 298 (2001). 

 

 
 
Several theories have been presented which describe the mobility of polym

egments in a system of freely moving molecules. While Rouse-like behaviour is observed for low 
olecular weights or diluted solutions, a transition to characteristic power-law regimes is found one 

he mean molecular weight exceeds a critical value, M . Bec
onomer units necessarily links translation and rotation, similar power-laws can 

the frequency dependence of the NMR relaxation time, T (ν), which is a conseque1
ons with respect to the direction of the external magnetic field. For several simple 

polym
models such as the Doi/Edwards [2] and the Renormalized Rouse formalisms [3].  
The fact that chemical cross-links merely shift the transition frequencies between the different 
regimes, but do not change the actual statistical properties, i.e. the power-law exponents, is shown 
for the example of natural rubber at different cross-link densities and temperatures [4]. Cross-
linking leads to a general slowing-down of molecular motion which allows the reconstruction of a 
master curve, being equivalent to a shift in temperature. Adding large (50 nm) filler particles was 
found to have virtually no effect on the relaxation properties because most chain segments remain 
unaffected by the filler [5]. 
While chemical cross-links cannot be considered to be points perfectly fixed in space, 
macromolecules can be tied to immobile surfaces so that conditions are accessible where one or 
several segments of the chain remain virtually fixed. One possibility is the synthesis of block-
copolymers of phase-separating species. In the case of polystyrene (PS) and polybutadiene (PB), 
blocks of narrow molecular weight distributions lead to a separation into lamellar structures where 
PS remains glassy but PB is mobile at
th
in PS-PB diblocks, but gradually disappear for shorter PB chains and for PS-PB-PS
the PB chains are fixed at both ends. While the generation of master
Fulcher-Tammann equation, is still feasible for each individual sample, a superposi
curves for different chain lengths is not possible and the intermediate regime of tube-affected 
motion becomes uno
multiply-grafted chains, long-range motions are suppressed completely and indications for a 
fundamental change of the power-
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Liquid crystals often present a great variety of mesophases including, among others, nematic, 
smectic A and smectic C (SmC) phases. Proton NMR relaxation is a very powerful tool to study t
molecular dynamics in these systems. The main difference between the spin-lattice relaxation ra
dispersion in these mesophases and in bulk isotropic fluids is observed in the kHz frequency range. 
Collective molecular reorientations, know in the literature as director fluctuations (DF), pres
this frequency domain, distinct T1

-1 frequency dependencies. Generally, in the nematic phase (T1
-

1)DF
 is proportional to ν−1/2 n modes, and in  due to the three-dimensional character of the fluctuatio

the smectic A phases (T1
-1)DF

 is proportional to ν−1 SmC 
l 

c-like 
o 

e new proton spin-lattice relaxation results obtained in the SmC phases 
 by attaching 

lf-
much 

nt. 
t 

ch, D. 

s., 115, 
10484(2001) 

] L. Tajber, A. Kocot, J.K. Vij, K. Merkel, J. Zalewska-Rejdak, G.H. Mehl, R. Elsässer, J.W. 

, assigned to layer undulations. In the 
phases different (T1

-)DF  dispersions have been considered in the interpretation of the experimenta
T1

-1 results, either assigning the low frequency  T1
-1 dispersion to layer undulations, nemati

DF, or to a mixture of both types of DF [3-5]. The degree of layer stability in the system seems t
influence the type of T1

-1 dispersion observed in the kHz range. 
 
In this work we present som
of two organo-siloxane tetrapodes [6]. In these systems the layer stability is increased
several mesogenic units to organo-siloxane central cores, forming larger molecules with se
assembly properties. The mesogenic units must have their translational displacements very 
restricted and any translational displacement of the molecule as a whole must be also constrai
The analysis of the experimental results are under progress, and the preliminary results show tha
both types of DF are indeed present the SmC phases of these systems. 
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he problem of 80 million abandoned antipersonnel land mines in about 70 different countries over 
the world has triggered intensive search for advanced mine detection technologies, which could 

. Polarization enhanced NQR (PE-NQR). 

fairs Division in the 
framework of the Science for Peace Programme. 

p.2256, 1995  
pekhi, Vol. 40, pp.393-406, 1997. 

evc, V. Žagar, « H- N Double Resonance and 

e Detection», J. Phys. D: Appl. Phys., 
Vol.35, pp.939-942, 2002 

[6] J. Lužnik, J. Pirnat, Z. Trontelj, «Polarization Enhanced 14N NQR detection with a 
Nonhomogeneous Magnetic Field,» Solid State Communications, Vol. 121, pp. 653-656, 2002. 
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T

speed up the lengthy and dangerous demining operations. 
The vast majority of land mines use four explosives - Trinitrotoluene (TNT), Hexogen (RDX), 
Octogen (HMX), Nitropenta (PETN) or combinations of those - which all contain 14N nuclei. 
Therefore, 14N nuclear quadrupole resonance (NQR) could potentially be used to detect buried land 
mines [1-6] with significant advantages over the metal detectors: NQR can detect zero metal 
content mines and ideally produce zero false alarms. While remote detection of RDX (with νNQR 
between 3.4 and 5 MHz) has been successfully demonstrated, detection of the most commonly used 
explosive TNT is hampered by the low sensitivity due to sub-MHz νNQR. 
We are trying two methods for the detection of sub-MHz 14N NQR signals:  
1. Proton-nitrogen nuclear quadrupole double resonance (NQDR) with magnetic field cycling.  

Here, 1H NMR signal is measured after coupling with 14N by means of field cycling and rf 
irradiation, achieving S/N increase up to 30. [4] 

2
In this experiment, 14N NQR is directly detected in zero field, but signal is enhanced by the 
transfer of the nuclear polarization from 1H nuclei, polarized in high magnetic field. Here, 
enhancement factor of 7 was achieved on the 0.98 MHz 14N NQR line in 4-nitrobenzoic acid 
[6]. 
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e propose an experimental routine to quantify and compensate external magnetic fields from the 
nvironment at the sample position, using the available hardware of the Spinmaster FFC2000 fast 
eld cycling relaxometer, with the inclusion of a special coil-set and its power supply. A 
ompensation of these contributions has successfully been used for the application of field-cycling 
ethods to nuclear magnetic relaxation and double resonance experiments. The feature becomes 
levant in samples where local fields are strongly averaged due to motional narrowing, where 
laxation experiments can therefore be extended to lower fields. Compensation of external 

ontributions is also crucial  for the study of internal processes attributed to the local fields. 

he extension of the field-cycling technique to the ultra low frequency band (ULF) strictly depends 
n the quality of the magnetic field compensation. The ULF band is the Larmor frequency range 
here the effective Larmor frequency sensed by the spin-system has contributions from the magnet, 
cal-internal and external fields. In contrast, we refer to the low frequency band (LF) to the 

ilohertz region but where the Larmor frequency of the spins is well defined by the magnet’s field 
within the limits of its resolution. In this poster we present field-cycling experiments aimed to 
detect and quantify the contribution fro ddition, we will present details of the 
alculation of the compensation coil-set. 

 Collaboration supported by Ministero degli Affari Esteri (Italia) and Secretaría de Ciencia, 
ecnología e Innovación Productiva (Argentina). 
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PROTON FIELD CYCLING NMR RELAXOMETRY OF 
COMERCIAL LUBRICANTS 

Engineering performance of lubricants is closely lated to its molecular structure and functionality 

TIR is 
ommonly used to monitor oxidation, nitration, sulfating, production of carbonyl-containing 

than may alter the molecular dynamics in motor-oil 
bricants. 

hat differences between new and aged specimens 
anifest in the low frequency range. T1 dispersions were studied in two different commercial 

lubricants (each one new and used) and interpreted in terms of self-diffusion and molecular 
rotations. The analysis revealed a noticeable sensitivity of the involved correlation times with the 
oil aging. From a comparison with qualitative FTIR spectroscopy analysis and different 
measurements like cinematic viscosity, flash and flame points, we were able to correlate the 
relaxation dispersions with the dominant aging factors.  
 
Collaboration from Stelar srl (Italy), CEAM (Argentina) and Fiat Auto Argentina is acknowledged.  
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re

of additives. Relationships between bulk macroscopic properties and molecular dynamic or 
structure are still not clearly understood. Aging and degradation of motor-oil lubricants are still less 
clear from a microscopic point of view.  
 
Standard quality analysis of lubricants includes the use of Fourier-transform infrared (FTIR) 
spectroscopy. This method allows to quantify some components in a chemical mixture (either 
organic or inorganic),  most used to get fingerprints of selected patrons, later used to compare and 
identify components in the spectrum of an unknown sample. In lubricant analysis, F
c
species, fuel dilution, water component, additive depletion, soot, and glycol, between others. Other 
important and commonly used analysis in lubricant quality control are determination of wear metals 
and cinematic viscosity.  
 
Therefore, any NMR study aimed to investigate possible links between the macroscopic properties 
and the microscopic behavior, can be compared with FTIR results and the macroscopic parameters. 
On these grounds, we started to consider the use of NMR relaxometry as a potential tool for 
inquiring about degradation processes 
lu
 
A first striking and promising result was the fact t
m
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n (OFD) and individual molecular motions, such as self-
iffusion and rotations. Collective re-orientations modes are mostly contributing to the Zeeman 

uclear spin relaxation dispersion caused by order director fluctuations in 
resence of ultrasonic waves is calculated for the nematic and smectic A mesophases. The model is 

imulated curves are presented for both sort of waves and for different ultrasound intensities. It was 
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Experimental and theoretical studies of nuclear magnetic relaxation in liquid crystals indicate that 
nuclear spin relaxation dispersion essentially reflects two kind of molecular mechanism: collective 
motions called Director Order Fluctuatio
d
spin-lattice relaxation at low-frequencies, where the field cycling technique is the appropriated one 
to get such information. 
 
It was theoretically found that sonication affect order director fluctuations [1], and experimentally 
showed that, in nematics, it changes the relaxation dispersion and, in some cases, it shortens the 
spin-lattice relaxation time on a broad frequency range [2,3]. 
 
In the present work, the n
p
essentially based on the coupling between the ultrasonic waves and the director field. For the sake 
of simplicity, two kind of ultrasonic waves are analyzed: ultrasonic waves parallel and 
perpendicular to the director. In the smectic A case, two different treatments of the problem are 
presented. A comparison and a discussion between both models are also offered. 
 
S
found that, independent of the kind of the ultrasonic waves involved (but fixed ultrasonic power), 
changes in the T1 frequency dispersion becomes more appreciable as the Larmor frequency 
decreases. This result holds valid for the nematic as well as for the smectic A mesophases. This fact 
turns the field cycling technique crucial to observe them. 
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1H-NMR relaxometric ANALYSIS of drug binding EFFECT to global 
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g capacity. For many compounds, HSA provides a depot so they will be 
vailable in quantities well beyond their solubility in plasma. Moreover, HSA abundance (its 

elevance for the heme iron reuptake 
llowing hemolytic events. Heme binding to HSA endows the protein with peculiar spectroscopic 

ropic unfolding of 
eme-HSA, allowing the determination of the thermodynamic parameters of protein stability in the 

esults obtained here show a different stabilization mechanism depending on the conformational 
in and on the occupancy of either binding sites. Moreover, NMR relaxometry 

ppears to be a valuable technique to measure thermodynamic parameters for the global unfolding 
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Human serum albumin (HSA), the most prominent protein in plasma, is best known for its 
exceptional ligand bindin
a
concentration being 45 mg/mL, in the serum of human adults) makes it an important determinant of 
the pharmacokinetic behavior of many drugs by binding at two main drug-binding regions. Among 
hydrophobic molecules, heme binding to HSA is of peculiar r
fo
properties (1). Electronic absorption and relaxometric data indicate the occurrence of a high-spin 
Fe(III) center with no water in the inner coordination sphere, and the occurrence of a strong 
contribution from a cluster of water molecules buried nearby.  
This second-sphere contribution may be employed as a structure-dependent spectroscopic 
observable to follow a number of events involving the conformation of the protein. Among them, 
the paramagnetic effect of the buried water cluster has been used to follow chaot
h
absence and in the presence of interacting drugs. Chaotropic unfolding of the heme-HSA complex 
has been obtained by addition of either urea or guanidinium chloride, in the presence or in the 
absence of stereotypical ligands of the two drug-binding sites, as a function of temperature. 
Measurements have been performed at three different pH values, i.e., in three different 
conformational states of the protein (2). 
R
state of the prote
a
mechanism of paramagnetic proteins. 
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 crystal (LC) phases may be performed using 
ifferent techniques including nuclear magnetic relaxation which is  a powerful tool especially 

when classical and fast field- cycling NMR techniques are combined for measuring the 

z in all phases of new LC organo-

n xpected behaviour,  similar as in calamitic LCs,  was found. 

odel for this kind of systems conceived by means of X-ray 
iffraction studies [4].  

 
1.  
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Studies of molecular order and dynamics in liquid
d

characteristic relaxation times in a very broad range of Larmor frequencies. Multipodal and 
dendritic LC systems represent an original and remarkable class of macromolecules with a perfectly 
branched uniform structure [1] which is of special interest due to the possibility of creating 
controlled multifunctional  objects that are able to self-assemble into large organized systems. In 
this kind of materials, the molecules are forced to adopt constrained and regular structures, the 
different molecular parts tending to look for the most favourable positions in order to obtain the 
most stable structure. Consequently, it is possible to observe in these materials original 
supramolecular organizations. 
 In this paper we present the results of proton spin-lattice relaxation NMR (T1 measurements) 
obtained for Larmor frequencies between 100 KHz-100 MH
siloxane tetrapodes  [2]. Three different systems exhibiting Nematic, Smectic A and Smectic C 
phases were studied. The influence of molecular structure on proton spin-relaxation and implicitly 
on the liquid crystal organization is  
investigated. The presence of the smectic C phase in these materials is a point of particular interest, 
being this phase an actual issue of research in what concerns the relation between structural 
properties and molecular dynamics [3]. The molecular movements of the present systems were 
compared with those of conventional calamitic LCs. For example, for one  of the systems bearing a 
biphenyl mesogen with cyano as a strong polar terminal group , the mesogenic group being strongly 
decoupled from the dendritic core , a  e
As for the other systems an unusual behaviour was obtained : in the isotropic phase a square-root 
frequency dependence as in nematic phase was found. An explanation to this effect  might be the 
constraining due to the interdigitation and interconnection of the mesogenic units. This finding is in 
agreement with a proposed packing m
d

R.M. Richardson, S.A. Ponomarenko, N.I. Boiko, V.P. Shibaev, Liq. Cryst. 26, 1 (1999). 
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Influence of swelling and deformation on the relaxation dispersion of 
rubbers 
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The molecular dynamics of polymer melts with molecular weights above the critical value have 
been described by a power law dependence of the spin-lattice relaxation time on the Larmor 

axation times remained virtually unchanged while they were 

] M. Doi, S. E. Edwards, The Theory of Polymer Dynamics. Clarendon Press,           

lecules 35, 9253 (2002). 

 
 

frequency which is explained, for instance, by the Doi/Edwards limits of time dependence of mean 
square displacement of a chain segment [1, 2, 3]. Four different regimes of power laws describing 
the relaxation dispersion of polymers are distinguished and have been observed experimentally for 
several types of polymer [4]. In case of natural rubber, the observed relaxation dispersions at low 
field which can be described as region II according to the common power law relations for 
polymers were shown to have the same exponential values as observed for the linear polyisoprene 
with high molecular weights; T1 ∼ νγ with γ ≈ 0.16 at low field and γ ≈ 1.2 at high field [5]. These 
values were left unchanged by increasing the cross-link density. However, the values of the 
exponent at low field was smaller than that for the tube model as described in the literature. In this 
study, the influence of swelling and deformation on the relaxation dispersion of the same natural 
rubber samples was investigated using field cycling relaxometry. At the same time, the results were 
also compared to the T1, T2, and double quantum measurements at high field.  

The relaxation dispersion curves under uniaxial deformation with elongation ratios of λ > 1 
(stretching) and λ < 1 (compression) of natural rubber were observed. The stretching axes were set 
to be parallel and perpendicular to the magnetic field, B0, while the compression axis was only 
parallel to B0. At high field, the rel
reduced at low field. The exponents were found to increase gradually up to the maximum observed 
value, γ ≈ 0.24, under the maximum stretching ratio of this measurement, λ ≈ 7.  

The influence of different degrees of swelling controlled by a mixture of two solvents, 
toluence and ethanol, on the relaxation dispersion of three natural rubber samples with different 
cross-link density was observed and compared to equivalent solutions of polyisoprene. At low field, 
relaxation times were increased with increasing degree of swelling. A transition from a power-law 
behaviour to Rouse dynamics was observed for swollen and dissolved samples. The results are 
discussed together with high-field relaxation and double quantum data.  
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 In NMR studies, many experimental techniques are based on spin echoes [1]. Previously [2], 

we suggested a mathematical tool for the treatment of radio frequency pulses applied to three-spin 

systems. Based on the density matrix, we derived analytical expressions describing the evolution of 

such spin systems and the coherence transfer leading to three-pulse spin echoes. We have also 

found that this technique is applicable for the investigation of irreversible processes.  

 In the present work, we apply this tool to the analysis of the effect of three Hahn pulses on a 

multispin system. For free induction decay (FID) curves and all five echoes, we have derived 

effective Hamiltonians in the form of a time expansion in terms of the operators for two- and three-

spin dipole-dipole interactions .  

 The analysis shows that, when the time interval between the first and second pulse is two 

times longer than the time interval between the second and third pulse, dipole-dipole interactions 

become insignificant for the stimulated echo. In this case the signal in the vicinity of the stimulated 

echo coincides with the FID more exactly  than the signal decay obtained with the

method. As a result, information about irreversible processes may be assessed from the ratio of the 

amplitudes of the fifth and third echo.  

 

    1. R. Kimmich, NMR Tomography, Diffusometry, Relaxometry. 

Signali pervichnogo i stimulirovannogo ekha v trekhspinovoi sisteme. “Struktura i d
molekul. sistem

 



Molecu ed by 
NMR Relaxometry  
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Nuclear magnet n performed in 
artially filled porous glasses with wetting and non-wetting fluids. Species of primary interest were 
ater (“polar”) and cyclohexane (“non-polar”). The fluids were filled into silica glass materials 

was examined in the frequency range from 1 kHz to 10 MHz with the aid of Field-cycling NMR 
e 

enhancement effect (2,3). 

nhanced with 
decreasing filling factor independently of the polar character and of the pore size. On the other 

 
 

, where diffusion becomes slower with increasing  filling factor. 
That is, diffusion in cyclohexane filled Vycor is enhanced by the vapor phase whereas diffusion in 

ater f of 

 
e was 

observed for cyclohexane in Vycor at a filling factor of about 0.4 at low frequencies. A 

he complex combination of phenomena and the different dependences will be analyzed in detail 
nd discussed with respect to a computer simulated model accounting at least for some of the 

 
hattacharja, and  W. P. Halperin, Phys. Rev. Lett. 63, 43 (1989). 

lar Dynamics in Partially Saturated Porous Glasses Studi

 
 S. Wonorahardjo, I. Ardelean, E. Anoardo, R.

 
ic spin-lattice relaxation and NMR diffusion experiments have bee

p
w
with a relatively pore dimension of 4 nm (Vycor) and 1 µm (VitraPor #5). Spin-lattice relaxation 

relaxometry and at 400 MHz using a Bruker spectrometer DSX400. Self diffusion in the sam
system was investigated (1)  with the aid of a B1 gradient technique in order to identify the vapor 

 
When the pore space is filled with a single adsorbate species, the relaxation rates are e

hand, the dependence of the self-diffusion coefficient on the filling factor for polar and non-polar 
species and for small and large pores shows partly opposite tendencies. 

In Vycor the effective water diffusion coefficient closely follows a linear dependence on the filling
factor in contrast to cyclohexane

w illed Vycor is not. However, diffusion of the same adsorbate species in the 1 µm pores 
Vitrapor#5 is vapor enhanced irrespective of the species.  
 
The behavior becomes even more complicated in binary adsorbate systems, i.e. when water and
cyclohexane are coexisting. A sharp increase of the relaxation rate by two orders of magnitud

phenomenon that in turn is completely absent in the larger pores of Vitrapor#5.   
  
T
a
experimental features. 

1. F. D’Orazio, S. B
2. R. Kimmich, S. Stapf, P. Callaghan, and A. Coy, Magn. Reson. Imag. 12, 339 (1994). 
3. C. Mattea, S. Wonorahardjo, I. Ardelean, E. Anoardo, R. Kimmich, to be submitted to 
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NMR in Rotating Magnetic Fields: Magic Angle Field Spinning 
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There are many cases where anisotropic samples cannot be spun at the magic angle. Following the 

D

original idea of R. Andrew, we have built a set of electromagnets where the magnetic field can be 
rotate at any angle. Under adiabatic conditions spinning of the field is equivalent to sample spinning 
and if the angle is the magic angle line narrowing occurs. We have observed this effect on a solid 
sample of hyperpolarized xenon. Theoretical and practical aspects of this experiment are presented. 
We also present techniques that can produce isotropic chemical shift information even if the angle 
of rotation is not the magic angle. 
 



Peptides labeled with paramagnetic metal chelates: Effect of the 

chelate moiety on the structure of CCK8 peptide assessed by their 
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Small peptides are under intense scrutiny as radiopharmaceuticals either in diagnosis and therapy. 
Peptide labeled with paramagnetic metal chelates may also be of interest as potential contrast agents 
in Magnetic Resonance Imaging (MRI) applications. 
Many tumors display an hyperexpression of cholecistokinine receptors for which it has been shown 
that a synthetic octapeptide (CCK8: -Asp-Tyr-Met-Gly-Trp-Met-Asp-Phe) displays a high binding 
affinity. Therefore it has been suggested the use of CCK8 labeled with metal chelates to target 
cholecistokinine receptors on tumor cells. Of course, it is expected that the conjugation of the metal 
chelate moiety does not change the binding characteristic of CCK8. Minor conformational changes 
may lead to drastic variation in charge distribution, lipophilicity and, in turn, in biodistribution and 
kinetics. 
In this poster we report the relaxometric characterisation of four CCK8 containing agents differing 
for the type of conjugated chelating moiety. As metal ion, Gd(III) has been used not only because it 
is the species of choice for MRI applications but also because its remarkable paramagnetic 
properties allows the use of 1H-relaxometry as investigation tool. We found that it is possible to 
extract the relevant information on the structure and dynamics of these peptide containing agents 
from the analysis of  1H 1/T1NMRD profiles as fuction of pH and Temperature. 
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f concentric 

and distribution of windings. The distribution of windings is calculated and made non-uniform on 
e purpose to maximize the magnetic field  and the homogeneity in a defined volume around the 

centre of the solenoid for a given current. This designing approach offers many well-known 

 factor) allowed by the currently available 

manufacturing process have been introduced. Final results and magnet specifications are presented 
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The Noack–Schweikert’s configuration for Field Cycling NMR magnets makes use o
solenoids. Each solenoid is made by cutting metallic tubes in order to obtain the designed number 

th

advantages compared with other different methods but the practical realization of the real magnet is 
limited by many technological difficulties and critical manufacturing processes. The present work 
was done with the objective to develop and manufacture a prototype of 1 Tesla air core FC magnet 
optimized for the highest Field/Power ratio (the Fabry
technology.  
All electrical and geometrical calculation parameters have been optimized. New materials and new 

and discussed.   
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ration, digital quadrature detection, filtering and multiplexing.  Undersampling 

on of the system to the steadily  increasing  requirements of  the customers.  
 

ies 

 
 

 
Receiver channel determine such important features of  NMR spectrometer as signal to noise ratio,
signal offset and signal phase precision. Digital technique gives the possibility to solve the 
traditional problems connected with these important parameters in a radical way and guarantee the 
perfect time stability of the receiver. Different architectures were examined in order to optimise the
quality, development time and costs of the receiver. The accent was made on the direct digital 
sampling for frequencies up to 90 MHz using the most modern ADC, demultiplexing of data for 
parallel elabo
technique was considered for elaboration of signals with frequency more than 90 MHz. The 
implementation of  FPGA (Field Programmable Gate Array)  integrated circuit gives the advantage 
of easier adaptati
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000 fast 
 

omes 
ere 

xternal 

pends 
on the quality of the magnetic field compensation. The ULF band is the Larmor frequency range 
where the ntributions from the magnet, 

cal-internal and external fields. In contrast, we refer to the low frequency band (LF) to the 
ilohertz region but where the Larmor frequency of the spins is well defined by the magnet’s field 

within the limits of its resolution. In this poster we present field-cycling experiments aimed to 
detect and quantify the contribution from external fields. In addition, we will present details of the 
calculation of the compensation coil-set. 
 
* Collaboration supported by Ministero degli Affari Esteri (Italia) and Secretaría de Ciencia, 
Tecnología e Innovación Productiva (Argentina). 
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We propose an experimental routine to quantify and compensate external magnetic fields from the
environment at the sample position, using the available hardware of the Spinmaster FFC2
field cycling relaxometer, with the inclusion of a special coil-set and its power supply. A
compensation of these contributions has successfully been used for the application of field-cycling 
methods to nuclear magnetic relaxation and double resonance experiments. The feature bec
relevant in samples where local fields are strongly averaged due to motional narrowing, wh
relaxation experiments can therefore be extended to lower fields. Compensation of e
contributions is also crucial  for the study of internal processes attributed to the local fields. 
 
The extension of the field-cycling technique to the ultra low frequency band (ULF) strictly de

 effective Larmor frequency sensed by the spin-system has co
lo
k
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Breaking the "barrier" of relaxation rate R1 > 1000 s-1 and doing so in a reliable and reproducible 

olution 
f dysprosium perchlorate (kindly provided by Dr.L.Helm). Sample II was the commercial Parafilm 

g a large number of scans to be taken. This is due to the 
ubstantial signal decay during switching period which can not be quite compensated by the number 

ator and probably is so far beyond the realm of a 
utine, automated tasks. 

ample II behaves in a quite different way. Its proton R1 at 25 oC varies steeply from 39.9 s-1 at 18 
Hz to over 6400 s-1 at 10 kHz. Despite the fact that its maximum R1 values are about four times 

igher than for sample I, it can be easily measured even by a relatively inexperienced operator using 
the automated profile-acquisition procedure. The only required precaution is setting the switching 
time value to 1ms, the polarization time to a value adequate for whatever is the chosen polarization 
field and the field slew rate to the maximum allowed value. The reason for the ease of this 
measurement is of course the fact that during the switching, the sample is never exposed to fields at 
which it relaxes really fast for longer than a few tens of microseconds. However, this very fact 
makes it also evident that those few tens of microseconds must be always the same, implying that 
the precision and the reproducibility of the field-switching waveforms are both absolutely essential 
in order to guarantee correct results for this kind of samples. 
 
 

 

way is an experimental feat which would have been impossible to dream about even just three years 
ago. Yet this poster illustrates that the latest FFC instruments make it an affordable reality which 
lies just slightly beyond the realm of everyday routine. It also shows that with field switching times 
of 1 ms (corresponding to current state-of-art) one can in certain cases reliably measure relaxation 
rates R1 up to 10000 provided that the switching waveforms are linear and perfectly reproducible. 
 
Two samples had been used for this preliminary study of the phenomena occuring when switching 
times become comparable to, or longer than, relaxation times. Sample I was a 2.1M water s
o
M foil (American National Can Co.) whose composition is a secret but which appears to consist 
(NASA/MSFC Materials and Processes Home Page) of a wax (~56%) and a polyolefin (~44%).  
 
As expected, sample I was found to have a flat 1H-NMRD profile over the whole explored field 
range from 10kHz to 20 MHz (1H Larmor frequency). Its mean relaxation rate at 25 0C has been 
found  to be R1 = 1425 s-1 with an expected error of 1.4%. Even using 1ms switching time and 
slewing rates of 24 MHz/s, its profile has not been easy to measure, despite the fact that the required 
polarization time is very short, permittin
s
of acquired scans. We feel that the measurement of a reliable NMRD profile of a sample of this 
kind still requires a cautious and experienced oper
ro
 
S
M
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The challenging field of molecular imaging for di gnosti  applications requires the development of 

n 

tic 

intracellular concentration varied from 0.4 mM to 0.8 mM. 

ella*, E. Gianolio#, S.

D
*

imica I.F.M, Università di Torino, Via P. Giuria, 7 10125 To
, Via Ribes, 5 Colleretto Giacosa (T

a c

novel classes of paramagnetic Contrast Agents endowed with improved ability to target and enter 

pathological cells. 

Upon developing such molecular imaging probes a relevant question is: how behaves the relaxivity 

f a gio ven paramagnetic species upon its cell internalization? In principle, one would expect a

increased relaxivity as a consequence of the high viscosity of cytoplasmatic medium. However this 

is not the case. We have investigated the relaxivity behaviour of Gd(III) chelates that have been 

nternalized into cells either by pinocytosis and by receptor mediated endocytosis. The drasi

decrease of cytoplasmatic relaxivity is accounted in terms of compartimentalization effects. 

Moreover it has been shown that  the intracellular relaxivity may depend upon the amount of 

internalized Gd(III) complexes. For instance, in the case of internalization of a supramolecular 

adduct formed by Avidin and biotinilated Gd(III) complexes we found that the relaxivity goes from 

a. 25 to 5 mM-1s-1 as the c



 
1H-NMRD profiles of polymers - A preliminary experimental review 
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We have undertaken a systematic exploration of proton dispersion profiles of several families of 

relaxation fields ranging from 5 kHz to 20 MHz (measured by 1H Larmor frequency). So far, we 
al classes of elastomers, styrenes, nylons and a polycarbonate. 

 

draw several experimental conclusions of considerable interest in view of the expected rapid growth 

 

virtually all cases, the variation continues down to the lowest measured frequencies, following 

at high or at low frequencies (only in a few cases there seems to be a plateau between 5 and 10 

than what might appear from relaxation studies carried out at high (and fixed) frequencies. 

Though there are marked differences between individual profiles, the review as a whole exhibits a 

the shapes of the profiles (it is comforting that such classification correlates well with the known 

 

if it were not possible to measure reliable R1 values in the range from 100 to almost 10000 s-1. 
in some cases 

close to 1, often around 10 and always below 100), the situation changes dramatically at fields 
around 1MHz and lower. Without the R1 values lying in the two decades above 100 s-1, FFC 
relaxometry of bulk polymers would be seriously handicapped. 
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synthetic polymers. The NMRD profiles of solid samples had been measured at 25 oC over 

have explored sever

The study, though still in a preliminary and rather phenomenological phase, allows us already to 

of NMRD studies of molecular dynamics of bulk polymers. 

In many individual profiles, the R1 values range over more than three orders of magnitude. In 

curves which deviate sharply from the simple BPP model and which rarely exhibit any plateau, be it 

kHz). This implies a wide spectrum of correlation times and dynamic models much more complex 

 

surprising internal coherence, making it possible to group the polymers into families according to 

chemical composition of the samples). 

It is beyond any doubt, however, that the internal coherence of the review would be completely lost 

Indeed, while most of the studied polymers exhibit quite low R1 values at 20 MHz (


