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STABLE ISOTOPE LABELED COMPOUNDS

Keywords: labeled compounds, custom isotope labeling, ?H,
3C, 5N, and 80

DESCRIPTION APPLICATIONS

Isotopic labeling involves enriching a molecule with Areas of application:
heavier isotopes like 2H, 3C, 5N, or *®0, allowing its path
to be monitored in various biological and
physico-chemical processes.

Isotope technologies have multiple applications in nuclear
medicine, energy industry, geology and dating, food and
agriculture, environmental protection.

Isotopic labeling is carried out by three different methods: APPLICATIONS:

« The chemical conversion of raw materials [ Agriculture
(obtained from isotope separation) into various

precursors used in more complex labeling. This step / Biochemistry

is carried out by classical syntheses, such as the / Biology
conversion of nitric acid to ammonia with Dewarda / Medicine
alloy in a basic environment or by heterogeneous .

. . . J Nutrition
catalysis, such as the conversion of carbon monoxide )
to carbon dioxide or methane using metal catalysts / Nuclear Physics
deposited on a porous support J/ Environment

» Custom isotope labeling, in which case, in the first
step, the most suitable synthetic route to obtain the
desired compound is identified, tested, and
optimized with unlabeled reactants. In the second
step, the synthesis with labeled substances is
performed and validated, thus obtaining the
personalized labeled compound

« Biosynthesis of labeled compounds. Biological
cultures are obtained that can incorporate 2H, C and
5N isotopically labeled products into their
metabolism. Ways to take advantage of the
enzymatic (e.g. protein) background of these cultures
can be determined, in particular in addressing certain
medical conditions by shifting from non-specific to
targeted treatment, e.g. by highlighting those
molecular processes associated with metabolic
pathologies.

IsoPrime-100 mass spectrometer for determining isotope
concentrations




INFRASTRUCTURE

3C and "N isotope research and production facilities

These plants prove valuable in experimental research,
refining and streamlining separation processes.
Beyond this, they serve a productive purpose, yielding
isotopically enriched H*NO,, CO and ©CO,. These
outputs become crucial raw materials for synthesizing
complex labeled compounds adapted to specific user
needs.

Isotope labeling laboratory

The organic and inorganic synthesis laboratory has
developed optimized technologies, paired with
analytical control methods, to ensure processes meet
specific user requirements. Our research team focuses
on advancing specialized technologies for custom
isotopic labeling services.

IsoPrime100 mass spectrometer

Determination of isotope concentration (up to 100%) in
gaseous samples of CO, CO,, N,.

Liquid nitrogen production plant StirLIN-1

Allows the production of 120 l/day of liquid nitrogen,
99% purity, used in the synthesis of labeled
compounds.

Laboratory for the synthesis of isotopically labeled
h compounds

The complete isotope value chain: isotope separation, synthesis of isotope-labeled precursors
and synthesis of isotope-labeled specialty chemicals
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COMPLEX SUPRAMOLECULAR SYSTEMS

Keywords: supramolecular systems, inclusion compounds,
bioactive substances

DESCRIPTION

Supramolecular systems are new materials of interest for
many industrial branches and have particular impact in
pharmaceutical, food supplements, cosmetics, chemical
(pesticides) industries.

The incorporation of substances of interest into various
carrier matrices, resulting in the formation of
supramolecular systems, aims to improve some of their
physico-chemical properties, such as solubility, reduction
or elimination of undesirable odors, increase physical and
chemical stability by protecting against reactions induced
by light, heat and moisture. They may also help to stabilize
emulsions and suspensions.

In the case of bioactive substances, whether synthetic or
natural, the goal is to improve bioavailability, controlled
release and transportation to the target, with the aim of
reducing adverse effects by lowering the dose required for
effective therapy. By implication, significant cost savings
can be achieved by identifying optimized formulations.

(Macro)molecules used as carrier matrices: cyclodextrins,
dendrimers, metal-organic polymers, zeolites and many
others.

Cyclodextrins are cyclic oligosaccharides consisting of 6, 7
or 8 glucose units (a-, B-, y-cyclodextrin) with a hydrophilic
outer surface and a hydrophobic central cavity. The
hydrophilic exterior confers enhanced solubility in water
and the hydrophobic cavity constitutes a micro-framework
which can accommodate non-polar molecules or parts
thereof, which have corresponding dimensions.

Dendrimers are single-centered nano-sized supramolecules
containing three types of structural components: the

central unit (core) surrounded repetitively inside by layers
of identical and branched units, nodes, determining the
generations (G-n, n>1) and peripheral functional groups,
which play an important role in the (physico-)chemical
properties of the dendrimer. Their particular properties
allow a wide range of applications in combinatorial
chemistry, medicine and nanoscience. One important
application is the use of dendrimers as drug-delivery
systems for the transport of biologically active substances
to the site of action, due to the presence of multiple
peripheral groups that allow functionalization and
controlled release.

Biodegradable metal-organic polymers (BioMOFs) are
organic-inorganic hybrid compounds obtained by
coordinative assembly of metal ions and organic ligands.
They are of increasing interest for their use as carriers of
bioactive substances due to their specific properties: high
loading capacity with active compounds, ability to
incorporate bulky guest molecules, high stability and
non-toxicity.

To obtain supramolecular systems with high yield, we use
the following experimental techniques in our laboratory:

/ dry or wet mechanical mixing

/ magnetic stirring in solution/suspension
/ co-evaporation

[ co-precipitation

/ lyophilization

/ atomization

Crystallization and Polymorphism Laboratory




APPLICATIONS

Areas of application: R&D, nanomedicine, optimization of
industrial processes, obtaining products with increased
efficacy

Industries: health and medical sciences industry,
pharmaceuticals, cosmetics, food supplements, chemicals
(phytosanitary)

INFRASTRUCTURE

The preparation of supramolecular systems is carried out in
the Crystallization and Polymorphism Laboratory,
equipped with:

i. Zinsser Crissy Light XL small-scale parallel
crystallization platform in high-throughput mode,
capable of processing 24 experiments simultaneously \\
under temperature controlled conditions. The Porer
platform offers the possibility of automatic addition L /
of solvent/solvent mixtures, setting of various =
temperature regimes ranging from 2+200°C and
horizontal stirring of samples

Retsch MM 400 ball mill MM 400 and Memmert HCP10
climatic chamber

ii. Eyela PPS-5511 large-scale crystallization platform
with five synthesis reactors, allowing parallel
experiments to be carried out under controlled
temperature conditions for each individual reactor

iii. Retsch MM 400 ball mill MM 400 offers the
possibility to run two experiments in parallel, with or
without added solvent, by setting the mixing
frequency and mixing time

iv. Memmert HCP10 climatic chamber with
temperature (up to 160°C) and humidity control for
stability testing

v. System for in situ monitoring of the dissolution | 4
rate uDISS Profiler with which four experiments can
be performed in parallel, equipped with a & o
spectrometer, and experiments can be performed at System for in situ monitoring of the dissolution rate
a controlled temperature. uDISS Profiler

Zinsser Crissy Light XL small-scale parallel

) 1) crystallization platform

ANALYTIC




TYPICAL APPLICATIONS - EXAMPLES:

Ia
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Pharmaceutical and food supplement T et ",.-'.‘..--:-; ‘,:»;T'-"ﬁ ﬂ_,:’.ﬁ
industry. Encapsulation of pharmaceutically active <% ,.,-,,.-*'-"f__ S i_, <,
substances in cyclodextrins, dendrimers or bioMOFs in e 3 -’_.J“aiﬁ: T Vg ¢
order to increase solubility, bioavailability and stability, ,._:'j;f:% ";&,,:‘ﬁ A E G ‘,:i- -
controlled release or to ensure transportation of the o e T > .
active substance to the target. > :’-1 L”._L;,'-{-*; ‘3:;: . l;,'_,,é‘,‘*;'& =
- Fa !'-.':}:. » =n . !.';-;- T o
Cosmetics industry. Encapsulation of bioactive LT ek > Lo
substances in cyclodextrins to increase solubility, = " 1‘,.?_:':%- e 'ih’jq.
bioavailability and stability, absorption, increase .. ‘3_ :9:, . .~:.,'-, ’5‘ }:, : . -
efficacy of cosmetics for skin care and make-up, s S S "I Rt £ ;
increase release time of fragrances. _,-"‘: ,-*32 ,
Bl b 2% "B = t-z"":..

ADVANTAGES

= The existing facilities allow the realization of
services to obtain supramolecular systems

= Specialized staff is able to cover with the highest
professionalism all fages of a contractual
collaboration, from experimental design,
performing experiments to E{)&elation of results

with other complementau‘{ rmation
|

I
|

Plant protection industry. Obtaining ESTIMATED COSTS

supramolecular systems of pesticides, fungicides or

herbicides with cyclodextrins or dendrimers in order to The total cost of CDI services to obtain supramolecular
optimize the efficiency of these products and to mask systems results from:

unpleasant odours. / complexity and number of experiments performed,

chemical reagents and solvents required, labor

J operating time of the equipment, consumables and
their wear and tear.

CONTACT

Dr. loana Georgeta GROSU

Established researcher R3 = CS |

Isotopic and Molecular Technologies Department
- TIM, B2.07

®© (+4)0264-584037, int. 164

® ioana.grosu@itim-cj.ro

® www.itim-cj.ro
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SOLID STATE NMR SPECTROSCOPY

Keywords: nuclear magnetic resonance, NMR, solid states,
structure

DESCRIPTION

Solid State Nuclear Magnetic Resonance Spectroscopy
(ss-NMR) is an analytical technique for characterization of
organic or inorganic materials, the signal being generated
by atomic species with non-zero nuclear magnetic
moment.

The nuclei most frequently studied in the case of organic
compounds are 3C, N, 'H, 2H, 3P, and 70, and in the case
of inorganic materials #Si, #Al, 3P, and "Sn.

The information extracted from ss-NMR spectra is used for
local structural characterization at the atomic-scale and
for studying molecular dynamics over a time scale
extending across more than ten orders of magnitude
(between 101°-1 s).

An important advantage of ss-NMR spectroscopy is its
versatility, as there are a very large number of different
experimental conditions that can be applied in current
practice to extract the desired information, namely:
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J/ Primary information such as chemical
structure/identification of structural groups is
extracted from simple 1D ss-NMR spectra - these do
not require special efforts to calibrate the pulse
sequences used; depending on the complexity of the
system being investigated, the interpretation of the
results may be immediate or may require combining
with molecular modeling

/ To obtain more complex information such as the
connectivities between structural units or local
spatial parameters (such as interatomic distances,
torsion angles, etc.) it is necessary to record 2D/3D
correlation ss-NMR spectra between the nuclear
species of interest. For this purpose, a very wide
variety of experimental methods (pulse sequences)
have been developed, optimized to obtain the
desired parameters with the highest possible
selectivity and accuracy. With a few exceptions,
recording correlation ss-NMR spectra requires isotopic
labeling of the positions of interest.

NMR Spectroscopy Laboratory. NMR spectrometer Bruker
Avance lll 500 MHz dedicated to solid-state applications




APPLICATIONS INFRASTRUCTURE

Areas of application: research and development,
process/product optimization in industry, quality control
(detection of impurities, stability under different
environmental conditions, etc.).

Systems:

i. organic and inorganic crystalline compounds
(pharmaceutically active compounds, natural active
compounds from extracts, (bio)molecular systems
that can be crystallized, metal-organic structures,
minerals)

ii. amorphous materials (polymers, biopolymers and
polymer composites, glass, ceramics and their
composites

iii. nanosystems (decorated and/or functionalized
nanoparticles, nanostructured hybrid materials, etc.)

Industries: pharmaceuticals industry, dietary supplements
industry, medical devices, chemical industry,
environment/pollution control, agro-food industry, health,
nanomedicine

*

J i
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3P ss-NMR characteristic spectrum of an organic molecule

Inserting the sample (powder) into the rotor

The NMR spectroscopy laboratory is equipped with a
Bruker Avance lll 500 MHz spectrometer, dedicated to
solid-state applications. It features a wide bore
cryo-magnet, three radio frequency channels and is
equipped with three probe heads, covering almost the
entire range of high resolution ss-NMR spectroscopy
applications:

i. a CP-MAS probe with two channels, a 4 mm rotor
and maximum sample spinning frequency of 15 kHz

ii. a CP-MAS probe with three channels, a 2.5 mm
rotor and a maximum sample spinning frequency of
35 kHz

iii. an fast MAS probe with two channels, a 1.3 mm
rotor and a maximum sample spinning frequency of
65 kHz

Fast MAS solid-state NMR probe head




TYPICAL APPLICATIONS - EXAMPLES:

Purity determination of synthetic or
natural bioactive pharmaceutical

compounds. The presence of any type of impurities
in the mass of the bioactive substance can be detected,
e.g. chemical impurities present in the raw material,
solvent residue left over from the production process, or
unwanted crystalline forms formed during storage.

Crystal structure determination for
synthetic or natural bioactive

pharmaceutical compounds. It can be
achieved by an NMR crystallography approach, in which
experimental ss-NMR experimental data are used in
combination with X-ray diffraction results on powder or
single crystal and molecular modeling by quantum
chemical calculations. The advantage of the method,
compared to the determination of the crystal structure
based solely on X-ray diffraction data, is given by the
increased confidence and accuracy with which the final
structural model is provided.
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Stability studies for oral

pharmaceutical products. They can be
performed both on the finished product (tablet/capsule)
and on the bioactive substance in the drug product. In
essence, they consist in identifying structural changes
that may occur as a result of interactions between the
active substance and excipients, long-term storage (due
to environmental factors), desolvation, etc. Unlike the
usual techniques, X-ray and DSC, ss-NMR spectroscopy is
more sensitive because it detects incipient changes that
do not affect the whole substance mass.

Structural characterization of

polymer-based materials/composites. A
very wide range of materials can be covered, from
classical to nanostructured systems. For each type of
polymeric system, ss-NMR spectroscopy is a useful tool
both in the new product/material development phase
and for quality control of existing materials/products.
The first type of applications concerns the acquisition of
structural and molecular dynamics information useful in
establishing structure-function relationships of
materials. The second category of applications refers to
the identification of a set of experimental ss-NMR
parameters to characterize the quality of polymer-based
products.

VTS

5 13¢ [ppm

13C ss-NMR characteristic spectrum of an organic molecule of pharmaceutical interest (ethoxzolamide)



ADVANTAGES

- INCDTIM offers R&D services based on ss-NMR
spectroscopy, used either independently or in
combination with other complementary analytical
techniques, covering nearly the entire range of
practical applications

- Before entering into a contractual relationship we
provide consulting to define the client’s/partner’s needs
and, if necessary, we perform preliminary tests free of
charge

= Our existing equipment allow us to address most of the
ss-NMR methods used in current practice, many of
which are already implemented in our laboratory

= We have specialized staff trained at prestigious research
centers abroad, capable of covering all stages of a
contractual collaboration with the highest level of
professionalism: defining the problem to be adressed,
designing the experiment, collecting data, interpreting
results and correlating them with other complementary
information, if necessary

= Upon request, we also offer the possibility of isotopic
labeling with 3C, N and 2H.

ESTIMATED COSTS

The total cost of R&D services based on ss-NMR
spectroscopy consists of two components:

[ spectrometer usage time, which includes
consumables and wear

/ labor, which includes personnel and indirect costs
associated with sample preparation operations,
analysis and interpretation of results, preparation of
the analysis/research report: negotiable, depending
on the complexity of the study.

CONTACT

Dr. Xenia FILIP

Established researcher R3 = CS I

Isotopic and Molecular Technologies Department
- TIM, B1.07
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Keywords: nuclear magnetic resonance, liquid state NMR,

structure, intemolecular interactions

Nuclear Magnetic Resonance Spectroscopy on liquid
samples is an analytical technique for the characterization
of molecular and biomolecular systems with which
information about structure, dynamics and intermolecular
interactions is obtained.

NMR spectroscopy involves the quantum magnetic
properties of atomic nuclei. These properties are
influenced by the molecular neighborhood, and their
measurement provides a map of interatomic bonds and a
description of molecular dynamics.

The nuclei most often studied are 'H, 3C, N, 2H, F, 3'P by
1D measurements. The most commonly used 2D
measurements are: COSY, HETCOR, HSQC, HMBC, ROESY.

LIQUID STATE NMR SPECTROSCOPY

DESCRIPTION APPLICATIONS

R

Expertise

Areas of application: research and development,
optimization of industrial processes / products, quality
control (authentication, adulteration, detection of
impurities, stability under different environmental
conditions, quantitative determinations, etc.)

Liquid state NMR spectroscopy laboratory

i



Systems:

[ organic and inorganic compounds (pharmaceutically
active compounds, natural active compounds from N Il I 1

. ppm
extracts, cosmetics)
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I/ complex supramolecular systems (cyclodextrin
inclusion complexes, protein-bioactive molecule
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Industries: pharmaceutical industry, food supplements

industry, chemical industry, environment / depollution,
agro-food industry, health - nanomedicine
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INFRASTRUCTURE — -
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The NMR spectroscopy laboratory is equipped with a 98 o6 94 92 90 88 86 84 82 80 ppm
Bruker Avance Ill 500 MHz spectrometer dedicated to

applications on liquid samples. It consists of a cryo-magnet *H-"H COSY NMR spectrum (8-10 ppm) of 2PTMQI molecule
with the magnetic field produced by the 11.7 Tesla
superconducting coil, three radio-frequency channels and
is equipped with four sample heads, which cover almost
the full range of applications of high-resolution NMR
spectroscopy on liquid samples: iv. SEX type probe head for *H measurements at
natural abundance, with magnetic field stabilization
on "“F

iii. three-channel TBI type probe head (triple
resonance: 'H, 3C, N)

i. two-channel BBO type sample head

ii. two-channel BBOF type sample head with *F
extension
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'H NMR spectrum of an organic molecule with pharmaceutical applications,
phenyl-thiazole-4-yl-methyl-quinolinium iodide - 2PTMQI
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3C NMR spectrum of 2PTMQI molecule

TYPICAL APPLICATIONS - EXAMPLES:

Molecular inclusion complexes of
cyclodextrins with pharmaceutical

substances. Cyclodextrins are cyclic oligosaccharides
composed of 6, 7 or 8 glucose units (a-, B-, respectively
y-cyclodextrin) having a hydrophilic outer surface and a
hydrophobic central cavity. Cyclodextrins are used to
improve the solubility, stability and bioavailability of
bioactive substances, as drug carriers to optimize
controlled release of drugs, to enhance their antioxidant
effect, to mask unpleasant taste or odor. By means of
high-resolution 'H NMR spectroscopy, the association
constant, stoichiometry and geometry of the inclusion
complex can be determined.

Studies on drug binding to plasma

Pr oteins. The current concerns of our group are
directed towards understanding and elucidating the
mechanisms of interaction between bioligands and plasma
proteins in the liquid state, using high-resolution '"H NMR
spectroscopy, relaxometry and NMR scatterometry,
complementary to other experimental methods (ITC,
UV-Vis, fluorescence), as well as ab initio computational
methods and molecular dynamics simulations. From a
biochemical and clinical point of view, the study of

drug-protein interactions is of paramount importance. Drug
transport in the body occurs via the circulatory system.
Plasma proteins have the ability to bind and transport a
wide range of drugs, metabolites and organic compounds.
When two ligands compete for one or more binding sites on
the protein molecule, competitive binding occurs. There
are situations in which the ligand may be replaced by
another drug on its binding site, or a newly administered
drug that binds to a different binding site and may alter
the binding affinity of the first drug.



Wine authentication using ethanol (D/H)

ratios. 2H NMR analysis. The method refers to
the quantitative determination of deuterium at natural
abundance in ethanol extracted from wine, a method
capable of characterizing the geographical origin and
possible adulteration of wines. The distillation of wine to
obtain ethanol is carried out using a Teflon rotary-belt
distillation apparatus to avoid isotopic fractionation. This
method is based on the determination of isotope ratios
D/H from specific positions of the ethanol molecule.

Applications of 'H NMR spectroscopy in

wine authentication. At the European Union level,
the development of new methods for wine authentication,
allowing the differentiation of grape variety, year of
production or geographical area is a priority. One of these
methods, which is in the development phase, is related to
the discrimination of wines by analyzing the minor
constituents in wine using high-resolution 'H-NMR
spectroscopy and chemometric processing of experimental
data. Their detection is sensitive, wine being a mixture of
very many compounds at different concentrations. The
major components are water and ethanol, and the minor
components are glycerol, tartaric acid, sugars, glucose,
malic acid, malic acid, succinic acid, acetic acid, proline,
isoleucine, alanine, lactic acid, aliphatic and aromatic
alcohols, amino acids, phenols, etc.

Statistical determination of the similarity
of the organic composition of soil
samples extracted from underwater
geologic structures by high-resolution 'H

NMR spectroscopy. We developed a specific
method for the preparation of soil samples extracted from
underwater geologic structures drilled at different depths
from different locations. Complex 'H NMR measurements
result in spectral data that are processed and compared by
statistical methods using Linear Discriminant Analysis
(LDA).

ADVANTAGES

= INCDTIM offers CDI services based on NMR spectroscopy,
used on its own or in combination with other
complementary analytical techniques, covering almost
the full range of practical applications

= Prior to entering into a contractual relationship we
provide consultancy to define the client/partner’s
needs as accurately as possible and, if required, we
carry out preliminary tests free of charge

= Existing facilities allow us to address most of the MRI
methods used in current practice, many of which are
already implemented in our laboratory

= We have staff able to cover with the highest
professionalism all the stages of a contractual
collaboration: definition of the problem to be solved,
experimental design, data collection, interpretation of
the results and their correlation with other
complementary information, if necessary.

ESTIMATED COSTS

The total cost of RD&l services based on NMR spectroscopy
consists of two components:

[ spectrometer usage time, which includes
consumables and wear

J labor, which includes personnel and indirect costs
associated with sample preparation operations,
analysis and interpretation of results, preparation of
the analysis/research report: negotiable, depending
on the complexity of the study.

CONTACT

Dr. Adrian PIRNAU

Established researcher R3 = CS |l

Isotopic and Molecular Technologies Department
- TIM, B1.06

®© (+4)0264-584037,int 181, 175

© adrian.pirnau@itim-cj.ro

@ www.itim-cj.ro
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X-RAY DIFFRACTION

Keywords: structural analysis on solids, X-ray diffraction on
powders and single crystals, crystalline structure

DESCRIPTION

X-ray diffraction is an analytical technique used for
characterizing solid materials, whether organic or
inorganic, with diffraction intensities generated as a result
of the interactions between X-rays and the electrons of the
atoms in the lattice.

Depending on the behavior of the compounds we want to
investigate, we use either powder diffraction or single
crystal diffraction. The information extracted by the two
diffractometric techniques is used for the structural
characterization of the crystal lattice.

An important advantage of X-ray diffraction is the rapidity
of obtaining information, the method is non-destructive
and requires a small amount of sample.

The information extracted from X-ray powder
diffractograms includes:

Expertise

I Qualitative analysis of crystalline phases: based on
the fact that each crystalline phase has a specific
diffractogram

/ Quantitative phase analysis: If a sample contains
multiple phases, the percentage of each identified
phase in the examined sample can be determined
based on the number and intensity of the diffraction
lines

[ Microstructural analysis: determination of crystallite
sizes, lattice stresses and defect probabilities

I Determination of the degree of crystallinity:
resulting from the ratio of the area of diffraction
maxima to the total area which includes both
diffraction maxima and the area of halos due to the
amorphous phase

/ Determination of crystalline structure from
powders

In the case of single-crystal X-ray diffraction the crystal
structure of the compound under investigation is obtained.

X-Ray Diffraction Laboratory. Rigaku SmartLab
Diffractometer




APPLICATIONS

Areas of application: research and development,
optimization of industrial products, purity check and
impurity detection, stability assessment under different
environmental conditions, etc.

Systems:

i. organic and inorganic crystalline compounds:
natural and synthetic bioactive compounds,
(bio)molecular systems that can be crystallized,
metal-organic structures, minerals

ii. amorphous materials: polymers, biopolymers and
polymer composites, graphene and graphene-based
composites, glass, ceramics and their composites

Industries: pharmaceutical industry, dietary supplement
industry, medical devices, chemical industry,
environment/ pollution control, health - nanomedicine

INFRASTRUCTURE

The X-ray diffraction laboratory is equipped with three
diffractometers:

i. Bruker D8 Advance: used for powder measurements;
equipped with a Ge (111) monochromator placed in
the incident beam and an ultrafast detector of the
LYNXEYE type; the diffractogram collection is
performed in Bragg-Brentano geometry in reflection
mode

Oxford SuperNova X-Ray Diffractometer

Selection and mounting of monocrystals

ii. Rigaku SmartLab: equipped with a 9 kW rotating
anode, high resolution theta-theta goniometer,
allows recording measurements in reflection and
transmission mode. In addition to powders,
measurements of thin films can also be performed
with this diffractometer

iii. Oxford SuperNova: equipped with two microsources
(Cu, Mo), a high performance CCD detector, with
Cryojet allowing measurements in the temperature
range 90+490 K, it is used for single crystal
measurements.




TYPICAL APPLICATIONS - EXAMPLES:

Synthetic or natural bioactive Structural characterization of thin

compounds: films: in the case of thin films, the following
information can be extracted by performing reflectivity
experiments, Rocking curves and mappings in reciprocal
space, pole figures, diffraction at grazing incidence:
composition, orientation/texture, lattice tension,
thickness, roughness.

/ Impurity detection (above 5%): chemical impurities
present in the raw material or unwanted
crystalline forms occurring during storage

/ Determination of crystalline structure: by
single-crystal X-ray diffraction or NMR
crystallography - experimental X-ray powder
diffraction data are used in combination with
results obtained by solid-state magnetic resonance
and molecular modeling by quantum chemical
calculations

Solar cell samples analyzed by thin layer X-ray

[ Stability studies: can be performed for both the
finished product (tablet/capsule) and the bioactive
substance; stability studies consist in identifying
structural changes that may occur during storage
at different environmental conditions or following
desolvation.

Dental materials: crystalline phase
identifications and crystallite size calculations can be

performed for changes in tooth structure following Structural characterization b y Small

exposure to different dental materials (structural Angle X-ray Scattering (SAXS). This type of
changes of hydroxyapatite or fluoroapatite in enamel measurement can be performed on powder or
composition). suspension samples. By analyzing the data from SAXS

measurements, information on particle size and particle

Molar analyzed by X-ray for structural changes induced size distribution can be obtained.
by the consumption of carbonated drinks
Sample preparation for SAXS measurements

Single crystals mounted for X-ray diffraction measurements




ADVANTAGES ESTIMATED COSTS

= INCDTIM offers R&D services based on X-ray diffraction, The total cost of X-ray diffraction based R&D services
used independently or in combination with other consists of two components:
complementary analytical techniques, covering almost

) U [ diffractometer usage time, which includes
the whole range of practical applications

consumables and wear and tear

- Before entering into a contractual relationship, we [ labor costs, which include personnel and indirect
provide consultancy to define the client/partner’s costs associated with sample preparation operations,
needs as accurately as possible and, if required, we analysis and interpretation of results, preparation of
carry out preliminary tests free of charge the analysis/research report: negotiable, depending

= The existing equipment (the three diffractometers) on the complexity of the study.

allows us to employ diffraction methods commonly used
in practice, which are already implemented in our lab

= We have specialized personnel capable of covering all CONTACT
stages of a contractual collaboration: identifying the
problem that needs to be solved, experimental design,
data collection, interpretation of results and their

correlation with other complementary information, if
necessary.

Dr. Maria Olimpia MICLAUS

Established researcher R3 = CS I

Isotopic and Molecular Technologies Department
- TIM, B2.07
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EPR SPECTROSCOPY

Keywords: Electron Paramagnetic Resonance Spectroscopy,
EPR, paramagnetic species, transition metals, free radicals

DESCRIPTION

Electron Paramagnetic Resonance Spectroscopy (EPR) or
Electron Spin Resonance (ESR) is an analytical technique
for analyzing organic or inorganic materials, the signal
being generated by unpaired electronic species. The EPR
spectrum is obtained by sweeping a magnetic field while
the sample is subjected to a microwave field of given
frequency.

The specific EPR parameters are:

I g-factor - characteristic of the type of paramagnetic
ion in the sample

EPR Spectroscopy Lab. Bruker ELEXSYS E 500
paramagnetic resonance spectrometer

Expertise

/ line width - influenced by magnetic and crystalline
interactions

/ signal intensity - due to the concentration of spins in
the sample

I hyperfine constant - determined by the molecular
and local structure of the paramagnetic ion.

Typical systems that can be studied by EPR are:

« transition metal and rare earth ions

« free radicals

« point defects (localized crystal imperfections).
EPR spectra allow the identification of paramagnetic




species both qualitatively and quantitatively, provide
information on local structure and spin dynamics.

Primary information, such as the identification of
paramagnetic species, can be obtained by room
temperature measurements in X-band.

Complex information related to the local structure and
interactions in the system is obtained by measurements:

i. at varying temperatures (4500 K)
ii. in multi-frequency and

iii. by applying the magnetic field at different angles to
the sample surface.

Depending on the complexity of the system, the
interpretation of the results can be immediate or more
laborious, requiring the combination of various

computational techniques - fits, theoretical simulations of

experimental spectra.

APPLICATIONS

Areas of application: R&D, optimization of industrial
processes/products, biomedical and environmental

Systems:

i. nanomaterials, nanocomposites, glasses and
ceramics, conducting and semiconducting materials,
superconductors

ii. free radicals, organo-metallic compounds and
zeolites, polymers

iii. spin markers, antioxidants and contrast agents, free
radicals in tissues, oxygen and nitrogen radicals in
biological systems; radicals generated in
photochemical reactions

Industries: food industry, chemical industry,
environment/cleaning, pharmaceutical industry,
health-nanomedicine

INFRASTRUCTURE

The ESR spectroscopy laboratory is equipped with a
Bruker ELEXSYS E 500 spectrometer dedicated to both
solid and liquid samples.

The spectrometer is equipped with two microwave
bridges:

-

ii.

. X-band (9 GHz) and Q-band (35 GHz)

an electromagnet generating a maximum field
strength of 1 T (X-band) and 1.5 T (Q-band)
respectively

iii. goniometer which allows the sample to rotate in the

magnetic field

iv. two variable temperature units allowing

measurements in the range 43300 K, and 77:500 K
respectively.

The following cavities required for different applications
are available:

i. standard cavity operating in the temperature range

4+500 K

ii. high sensitivity cavity for both solid and liquid

samples

iii. dual-mode cavity, dedicated to the investigation of

forbidden transitions in transition metal and rare
earth ions; biradicals and triplets.
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EPR spectrum of SnO, nanoparticles doped with V ions

Inserting the sample into the 