Discover the Power of
NMR Spectroscopy

Experience the fascinating world of nuclear magnetic resonance (NMR)
spectroscopy and unlock the secrets of the universe. Learn how this
cutting-edge technology is revolutionizing the way we study the world

around us.

by Carlos Pacheco



Principles and Basics of NMR
Spectroscopy

Nuclear magnetic resonance (NMR) spectroscopy is a powerful technique for studying the properties
and behavior of molecules. Itis based onthe magnetic properties of nuclei with an odd number of
protons, an odd number of neutrons, or both. It arequires magnetic fields and radio-frequency

radiation to achieve resonance between the nuclear spin and electromagnetic radiation.

The NMR spectrum has three main features: chemical shift, coupling constants, and intensity. By
understanding and interpreting these parameters, we can gain valuable insights into the structure and
dynamics of molecules. Our experts will guide you through the principles and applications of NMR
spectroscopy, providing youwiththe tools you need to harnessits power and unlock the secrets of

the universe.

Other slides in the deck:

e [ntroductionto NMR spectroscopy

e Principles and basics of NMR spectroscopy

e Applications of NMR spectroscopy

e Advanced NMR techniques

NMR spectroscopy has awide range of applications in chemistry, biology, physics, and materials

science. ltisused to study the structure and dynamics of molecules, determine the composition of

complex mixtures, and investigate the properties of materials at the atomic and molecularlevel.



NMR Spectroscopy Instrumentation

NMR sample tube Magnet Probe
(s-mm O'D’) Superconducting magnets Probes are used to detect and
Samples are dissolved in generate strong and stable transmit NMR signals from the
denrereiEdl colhvErie e N magnetic fields for NMR sample to the spectrometer.

analysis_ experiments.

Computer Data processing

Computers control the spectrometer, acquire  NMR data can be processed with various software
data, and process NMR spectra. programs, including the ones provided by the

NMR instrument manufacturer.



Interpretation of NMR Spectra

Chemical Shift

Chemical shift measures
the magnetic environment
of nuclei.

Shift values are reportedin
parts per million (ppm)
relative to the standard
compound TMS.

Coupling
Constants

Coupling constants reflect
theinteraction between
nucleiinamolecule.

Jvalues provide
informationabout the
bond connectivity and
stereochemistry.

Integration

Integration measures the
number of nuclei
contributing to each peak.

The areaunderapeakis
proportional to the
number of nuclei.



Drug Discovery

NMR can be used toidentify drug targets,

optimize lead compounds, and study

protein-ligandinteractions.

Biomedical Research

NMR is used for metabolic profiling,
biomarker discovery, and disease

diagnosis.
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Applications of NMR Spectroscopy

Material Science

NMR provides structural and dynamic
information on materials such as polymers,

catalysts, and nanoparticles.

Environmental Monitoring

NMR helps monitor pollutants, study soil
and water quality, and assess climate

change.



Advantages and Limitations of NMR

Advantages Limitations

¢ Non-destructive and e Expensive and complex
non-invasive instrumentation

e Highresolutionand e Lownaturalabundance
sensitivity of several useful nuclei

* Quantitative and and signal overlap

versatile e Sample preparationand
conditions

Future Prospects

Method development
and automation

Multi-dimensional and
hyperpolarized NMR

Integrationwith other
techniques



Diffusion-Ordered Spectroscopy
(DOSY) and Its Applications

Diffusion-ordered spectroscopy (DOSY)is an NMR technique that providesinformation about the
diffusion properties of molecules in solution. By measuring the rate of diffusion of each molecule, we
canseparate them based ontheirsize, shape, and other properties. DOSY has many applicationsin
chemistry, biology, and materials science, including the analysis of mixtures, the study of protein-

ligand interactions, and the characterization of porous materials.



Comparison of NMR with Other
Spectroscopic Techniques

UV-Vis Spectroscopy

UV-Vis providesinformation on electronic

transitions and chromophores, but does not

provide detailed structural orchemical

information.

IR Spectroscopy

IR provides information onvibrational modes
and functional groups, but does not provide

structuralinformation.

Mass Spectrometry

MS provides accurate masses and can
identify unknown compounds, but does not
provide structural information or solution-

phase dynamics.



Current Research and Future
Prospects in NMR

Protein Structure
Determination

NMR is a powerful technique for
determining protein structures
and studying protein-ligand
interaction. Recent advances
include solid-state NMR,
paramagnetic NMR, and
ultrafast NMR.

Quantum Computing

NMR canbe usedtoimplement
quantum computing algorithms
and simulate quantum systems.
Recent advancesinclude
quantum error correction,
entanglement generation, and

quantum annealing.

Nanoscale Materials

NMR can provide structural and
dynamic informationon
nanoscale materials such as
graphene, 2D materials, and
nanocrystals. Recent advances
include hyperpolarization
techniques, in situ spectra, and

multi-dimensional NMR.



