Center of Nuclear Magnetic Resonance (NMR)

Introduction

The Center of Nuclear Magnetic Resonance
(NMR Center), which was incorporated in the
Network of Horizontal Laboratory Units and
Centers (and from 2010 to the Network of Re-
search Supporting Laboratories) of the Univer-
sity of loannina in 1999, has a multi-scientific
and technological character and addresses pure
and applied research in the Chemistry, Physics
and Medicine Departments, the Department of
Materials’ Science and Technology and the De-
partment of Biological Applications and Tech-
nologies, of the University of loannina, as well
as the Regional University Hospital of loannina.
Furthermore, the NMR Center is directly linked
to the Institute of Biomedicine Research and the
technological Park of Epirus (Fig. 1).
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Figure 1: Links between the NMR Center and other Institu-
tions of Epirus.

Nuclear Magnetic Resonance Spectroscopy
is based on nuclear magnetic moment transition
within a strong static and homogenous magnetic
field By. These transitions as caused by the ap-
plication of an electromagnetic irradiation in the
region of 1000 — 10 MHz depending on the field
strength. The resonance frequency of a particular
nucleus, such as 'H, is not constant but it de-
pends on the electronic environment of the pro-
ton (Fig. 2). Based on this property NMR has
made a tremendous impact, at a molecular level,
in many areas of chemistry, biology and medi-
cine.
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Figure 2: The nuclear spin energy levels of 'H nucleus in a
magnetic field.

Facilities & Infrastructure

Since 1995, the NMR Center is lodged in spe-
cially tided up rooms, at the Department of
Chemistry of the University of loannina. The
facility was expanded at 2006. The instrumenta-
tion consists of:

O A Briicker AV-250 spectrometer (resonance

frequency of 'H 250 MHz) that has been in-
stalled since March 1999 (Fig. 3). It has
been bought in the frame of EPEAEK “Bio-
inorganic Chemistry” and with the subsidy
of the deanery of the University of loannina.
This instrument is suitable for acquiring rou-
tine spectra and for teaching purposes. The
AV-250 has been recently updated to both
hardware and software.

A Briicker AV-400 spectrometer (resonance
frequency of 'H 400 MHz), with the capa-
bilities of obtaining high-resolution spectra
in the liquid and solution state and with the
future possibility for NMR spectra in the
solid spectra (Fig. 4). This instrument has
been supplied with suitable accessories, so it
can work in a wide range of temperatures
and with almost all the magnetically active
nuclei of the Periodic Table. The instrument
has been bought through the EEC Stride-
Hellas 33 program, in which research
groups of the Department of Chemistry and
the School of Medicine participate, with fur-
ther subsidy from the University of loannina
and public investments of the Department of
Chemistry. In 1997, the instrument was fur-
ther equipped with a field z-gradient probe,
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which is appropriate for NMR studies of
biological macromolecules in aqueous solu-
tion. The AV-400 has been recently updated
to both hardware and software. At 2009 a
laser unit was supplied that would be hy-
phenated to the AV400 system.

Q A Briicker AV-500 spectrometer (resonance
frequency of 'H 500 MHz) hyphenated with
LC-SPE system, the latter equipped with a
solvent delivery pump, a DAD UV detector
and a Prospect 2 solid phase extraction
(SPE) unit (Fig. 5). All individual compo-
nents are connected in line to produce LC-
SPE-UV-NMR hyphenation. This modern
instrumentation was sponsored by the Greek
Community Support Framework III, Re-
gional Operational Program of Epirus 2000
— 2006 (MIS 91629). Moreover the AV500
was equipped with a cryogenic platform and
a cryo TXI -probe head (Fig. 6). The latter
can be easily “converted” to flow probe and
work in flow mode after the necessary
modification through the mounting of a flow
inlet.

Figure 3: General view of the Briicker AV-250 spectrometer
(resonance frequency of 'H 250 MHz).

Figure 4: General view of the Briicker AV-400 spectrometer

(resonance frequency of 'H 400 MHz).
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Figure 5: General view of the Briicker AV-500 spectrome-
ter (resonance frequency of 'H 500 MHz) and the LC-SPE
system.

Figure 6: The cryo-unit that is connected to the cryo-probe
at the AV500 system.

The running cost of the instruments of the Center
is about 16.900 € per year. The payment of the
technician or the technicians of the instruments
of the NMR Center, the outlet of the fixed con-
sumables (liquid He and liquid N,) and the re-
pairing of the instruments are covered by the
budget of the University of loannina.

FUTURE DEVELOPMENT

0 Computational Facilities

Three workstations are available to the users for
data manipulation. The two of them have the
Top-spin suite and the third has additionally the
AMIX —Aurelia suite.

Moreover, a computer cluster with several
PCs working in the Linux environment will be
acquired in the next few months, for facilitating
the NMR data acquisition, data retrieval and
database integration. Several bioinformatics
tools will be installed for protein structure de-
termination, protein structure databases, protein-
ligand docking, etc.
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O Solid state accessories on the AV-400
With this experimental setting, it would be pos-
sible to characterize both the structure and dy-
namics in the solid state of various systems of
interest from the academic and industrial point of
view.

0 New NMR instrumentation

There will be an increasing demand for NMR
equipment in the next few years. The increased
need will be both quantitative (number of in-
struments) and qualitative (higher fields). Fur-
thermore, an exponential increase in number of
biological systems to be investigated (quantity)
as well as in complexity of these systems (qual-
ity) will be expected. The expansion, therefore,
of the NMR Center with a high field (greater of
equal to 700 MHz) NMR instrument, fully
equipped with multinuclear and multidimen-
sional (3D and 4D) capabilities, is of high prior-
ity. Moreover, in order to cover all the kind of
samples, the purchase of a solid state NMR is of
high priority.

Services

The main objective of the NMR Center is to of-

fer the know-how in a cost-effective way and in

collaboration with:

O Research groups of the University of Io-
annina and other Greek Universities

O Research centers

Q Hospitals

Q Industries

in the following fields of basic and applied re-
search:

Q Synthesis and structural studies of new
chemical compounds with emphasis on
drug design and biotechnological prod-
ucts.

Modern NMR techniques contribute signifi-
cantly in controlling synthetic pathways and
in performing conformational studies of a
wide range of compounds of biological and
pharmaceutical interest. With the recently
developed multinuclear and multidimen-
sional NMR techniques, the above studies
can be extended to much more complicated
biological molecules (such as proteins in
complexation with drugs), which can con-
tribute in the field of drug design.

O Materials.
NMR is a powerful technique (sometimes
being the only method of choice) for the
study of new materials of technological in-
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terest, such as glasses, ceramics, polymers,
synthetic membranes etc.

NMR spectroscopy in the solid phase
can be used to investigate reactions taking
place in catalytical surfaces, which have
important  financial and technological
benefits. Catalysis includes many important
fields of applications such as oxidation, cor-
rosion and formation of hyperfine films of
technological interest.

0 Food analysis.

NMR spectroscopy can be used in the veri-
fication of the wine aging and authenticity,
as well as in the identification of the oil’s
fatty constituents and the various extracts of
natural products. It can also contribute in the
investigation of the mechanisms that are re-
sponsible for food decomposition, without
requiring sample destruction in contrast to
the classical chemical analysis techniques.

0 Clinical Applications.
NMR can be used in the location and char-
acterization of metabolites in biological flu-
ids in vivo and ex vivo and thus, can be util-
ized in the diagnosis of many kinds of dis-
eases.

0 Environmental applications.
NMR spectroscopy contributes in the study
of environmental issues, concerning air and
subsoil pollution (e.g. retention of or-
ganotoxic compounds from humic acid).

EXPERIMENTAL TIME FOR THE USAGE OF THE
NMR CENTER FACILITIES

Figure 6 displays the experimental time occupa-
tion of the NMR center facilities. Especially for
the AV 500, the cryoprobe resulted in a signifi-
cant increment of the experimental time occupa-
tion.

Staff & Contact Information

An Administrative/Scientific Committee, made
up of University of loannina staff members, is
responsible for the operation of the Center, the
improvement of its equipment and the rendering
of services. A scientist with a PhD in NMR-
related subjects and post-graduate experience
abroad is responsible for the instruments. He/she
is in charge of obtaining routine and complicated
spectra, providing education to researchers and
ensuring the normal operation of the instruments.
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Figure 6. Graphical display of the Experimental time Usage
for the three AV units.

Additional information concerning the NMR
Center can be obtained from Prof. I. Gerothanas-
sis who is the chairman of the Administra-
tive/Scientific Committee:

Postal address: Organic Chemistry Labora-

tory, Chemistry Department, The University

of Toannina, 451 10 Ioannina, Greece

Tel: +30-26510-08389

Fax: +30-26510-08799

E-mail: igeroth@cc.uoi.gr
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It is noted that more than one hundred (100) arti-
cles have been published in international scien-
tific journals, during the first eight years of op-
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eration of the NMR Center. Additionally, during
the last 5 years (2004-2009), 26 M.Scs and 16
PhDs have been supported by the NMR Center
facilities. Furthermore during the above time
period, 47 scientific publications in international
journals have cited and acknowledged the NMR
center facilities.

NMR CENTER | 5




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


