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DESCRIPTION
NMR is most commonly known Nuclear Magnetic Resonance
Spectroscopy, or Magnetic Resonance Spectroscopy (MRS). It is
a spectroscopic technique that observes local magnetic fields
around atomic nuclei. As sample is placed in a magnetic field
and the NMR signal is produced by excitation of the nuclei
sample with radio waves into nuclear magnetic resonance, which
is detected with sensitive radio receivers. The intra-molecular
magnetic field around an atom in a molecule changes the
resonance frequency, thus giving access to electronic structure of
a molecule and its individual functional groups. In
modern organic chemistry, it is the definitive method to identify
monomolecular organic compounds.

Biochemists use NMR to identify proteins and other complex
compounds. NMR spectroscopy offers precise information about
the structure, dynamics, reaction state, and chemical
environment of molecules in addition to identifying them.
Proton and carbon-13 NMR spectroscopy are the most popular
types of NMR spectroscopy, but it can be used on any sample
with spin-containing nuclei. This spectrum is distinctive, well-
resolved, analytically tractable, and typically very predictable.

Different functional groups can be distinguished, and even
functional groups with different adjacent substituents can
provide distinct signals. For identification, NMR has wet
chemistry techniques such as colour reagents or standard
chromatography. NMR is relatively long, producing only an
averaged spectrum and it is not suitable for observing fast
phenomena. Although large amounts of impurities show on
NMR spectrum, 

The principle of NMR usually involves three sequential steps:

The alignment (polarization) of the magnetic nuclear spins in an
applied, constant magnetic field B0.

The perturbation of this alignment of the nuclear spins by a
weak oscillating magnetic field usually referred to as Radio-
Frequency (RF) pulse.

Detection and analysis of the electromagnetic waves emitted by
the nuclei of the sample as a result of this perturbation.

There are two types of NMR spectrometers, Continuous-Wave
(CW)  and  Pulsed  or  Fourier-Transform  (FT-NMR). CW-NMR
spectrometers is been replaced by pulsed FT-NMR instruments.
However due to lower maintenance and operating costs, CW
instruments, are still commonly used for routine 1H NMR
spectroscopy. In low-resolution CW instruments electromagnets
are cooled with water and magnets in FT-NMR spectrometers are
cooled with liquid helium.

A continuous-wave NMR instrument consists magnet to separate
the nuclear spin energy states; at least two radiofrequency
channels, one for field/frequency stabilization and one to
furnish RF irradiation energy. A sample probe containing coils
for coupling with the RF field; a detector to process the NMR
signals; and sweep generator for sweeping either the magnetic or
RF field through the resonance frequencies of the sample and to
display the spectrum.

The spectrum is scanned by the field/frequency-sweep method.
In frequency-sweep method, magnetic field is constant, which
keeps the nuclear spin energy levels at constant. The RF signal is
swept to determine the frequencies at which energy is absorbed
and constant, and the magnetic field is swept, which varies the
energy levels, to determine the magnetic field strength produces
at fixed resonance frequency.

Fourier-Transform NMR spectrometers use the pulse of
radiofrequency radiation to cause nuclei in a magnetic field to
flip into the higher-energy alignment. The length of RF pulse is
1-10 µs and wide enough to simultaneously excite nuclei in all
local environments. During T, a time-domain RF signal is said to
be Free Induction Decay (FID) signal is emitted as nuclei return
to their original state. 

Correlation spectroscopy is one of the two-dimensional nuclear
magnetic resonance (NMR) spectroscopy or 2D-NMR. It is best
known by its acronym, COSY. Other types of two-dimensional
NMR include J-Spectroscopy, Exchange Spectroscopy
(EXSY), Nuclear OverHauser Effect Spectroscopy (NOESY),
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Total Correlation Spectroscopy (TOCSY), and Heteronuclear
Correlation Experiments, HSQC, HMQC, and HMBC. In
correlation spectroscopy, emission is centered on the peak of an
individual nucleus; if magnetic field is correlated with another
nucleus through-bond (COSY, HSQC, etc.)

Nucleic acid NMR is used to obtain information about the
structure and dynamics of polynucleic acids, such
as DNA or RNA. Nearly half of the known RNA structures had
been determined by NMR spectroscopy. Carbohydrate

NMR spectroscopy is used for structure and conformation
of carbohydrates. The analysis of carbohydrates by 1H NMR is
due to the limited variation in functional groups. In drug
discovery, the NMR can be used to guide drug design
hypotheses, since experimental and calculated values are
comparable. For example, AstraZeneca uses NMR for its
oncology research & development. Metallodrugs are used as
anticancer, antimicrobial and contrast agents. It can probe
speciation in body fluids and liver cells.
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