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Effects of UV light on matter

Photochemical reactions: UV-Vis light can
cause chemical reactions such as
photodissociation, photoisomerization, and
photooxidation in matter.

Excitation of electrons: UV-Vis light can
excite electrons in matter, leading to the
formation of excited states that can
participate in chemical reactions.

Heating: UV-Vis light can cause heating of
matter due to absorption of energy, which
can lead to changes in physical and
chemical properties.

Degradation: Prolonged exposure to UV-Vis
light can cause degradation of matter.

Fluorescence: UV-Vis light can induce
fluorescence in matter, where the absorbed
energy is emitted as light of a different
wavelength.
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UV spectroscopy: Principle

UV-Vis spectroscopy works by measuring the absorption of ultraviolet-visible radiation by a sample.

1. When UV-Vis light passes through a sample, it can be absorbed by the sample's molecules, causing electrons in the
molecules to move from their ground state to an excited state.

2. The energy of the absorbed UV-Vis light is equal to the energy required to move the electrons to the excited state.

3. The amount of UV-Vis light absorbed by a sample is dependent on the concentration of the absorbing molecules, the path
length of the light through the sample, and the wavelength of the light.

The absorption is measured using a UV-Vis spectrophotometer, which passes a beam of UV-Vis light through the sample and
measures the intensity of the light that passes through. The resulting UV-Vis absorption spectrum provides information about
the electronic structure of the sample's molecules, including the number and position of double bonds, the presence of
functional groups, and the degree of conjugation. This information can be used to identify the sample and determine its
concentration.



UV spectroscopy: Principle (1)

When UV-Vis light passes through a sample, it can be
absorbed by the sample's molecules, causing electrons in the
molecules to move from their ground state to an excited state.
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UV spectroscopy: Principle (2) 30
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UV spectroscopy: Principle (3) The amount of UV light absorbed by a sample is dependent on the

concentration of the absorbing molecules, the path length of the
light through the sample, and the wavelength of the light.

The Beer-Lambert law, describes the relationship between the concentration of a sample
and the amount of light absorbed by that sample. It is an important principle used in UV-Vis
spectroscopy and other analytical techniques.

The law states that the absorbance of a sample is directly proportional to the concentration
of the sample and the path length of the light through the sample. Mathematically, this can
be expressed as:

A = ecl

where A is the absorbance, € is the molar absorptivity or extinction coefficient of the
sample, c is the concentration of the sample in moles per liter, and | is the path length of
the light through the sample in centimeters.

The molar absorptivity is a measure of how strongly a molecule absorbs light at a given
wavelength, and it is specific to each molecule. The path length is the distance that the light
travels through the sample, and it is typically measured in a cuvette or other container.

The Beer-Lambert law is widely used in UV-Vis spectroscopy to quantify the concentration
of a sample and to determine the molar absorptivity of a molecule. It is also used in other
analytical techniques, such as chromatography, to measure the concentration of a sample
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UV spectroscopy: Requisites

To be analyzed by UV-Vis, a sample must meet some requisites, such as:
1. The sample must be transparent or translucent to allow light to pass through it.

2. The sample must have a suitable concentration range to avoid saturation or dilution
effects on the absorbance measurements.

3. The sample must be homogeneous and free of particles or bubbles that could
scatter light and interfere with the signal.

4. The sample must be compatible with the solvent and the cuvette material used in
the measurement.

5. The sample must not undergo any chemical or physical changes during the
measurement that could alter its absorbance properties.

6. The sample must have chromophore groups



Range of Linearity

The range of linearity refers to the concentration range in

which the absorbance of a sample is directly proportional

to its concentration. The range of linearity is an important

parameter in UV-Vis spectroscopy as it determines the 120000000
accuracy and precision of the measurement.
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Range of Linearity. Sensitivity

The limit of detection (LOD) refers to the lowest concentration of a
substance that can be reliably detected by the instrument. It is a
measure of the sensitivity of the instrument to the substance being
analyzed. The LOD is typically defined as the concentration at which
the signal-to-noise ratio (SNR) is equal to a certain value, often 3 or
10. This means that the signal from the substance is three or ten
times greater than the noise level in the spectrum. The LOD
depends on several factors, including the quality of the optics and
the detector used in the instrument, the wavelength range used for
the analysis, and the noise levels in the system. Improvements in
these factors can lead to lower LODs and higher sensitivity in UV-
Vis spectroscopy

Sensitivity refers to the ability of the instrument to detect small
changes in absorbance. A more sensitive instrument will be able to
detect smaller concentrations of a substance or smaller changes in
concentration over time. Sensitivity is determined by the quality
and resolution of the optics and the detector used in the
instrument. Improvements in sensitivity can be achieved through
the use of more advanced optics and detectors, as well as through
careful calibration and optimization of the instrument's settings.
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Degassing

In some cases, it may be necessary to degass the sample before analysis to
remove any dissolved gases that may interfere with the measurement. Here are
some methods that can be used to degass a sample for UV-Vis analysis:

Sonication: Sonication involves subjecting the sample to high-frequency sound
waves, which create cavitation bubbles that implode and release any dissolved
gases. This method is effective for degassing small volumes of samples.
Vacuum degassing: In this method, the sample is placed in a vacuum chamber,
and the pressure is reduced to remove any dissolved gases. This method is
useful for degassing larger volumes of samples.

Purging with an inert gas: This method involves purging the sample with an
inert gas such as nitrogen or argon to remove any dissolved gases. This method
is useful for samples that are sensitive to vacuum or sonication.

Heat treatment: Heating the sample can also help to remove any dissolved
gases. However, this method may not be suitable for samples that are sensitive
to heat.

It is important to note that the method used for degassing should be chosen
based on the sample type and the sensitivity of the sample to the degassing
method. Additionally, it is important to ensure that the sample is properly sealed
to prevent any air from entering the sample during the degassing process.




Chemical compatibility

In UV-Vis analysis, there are several incompatibilities that can occur with the
cuvette, including:

Chemical incompatibility: Some chemicals can react with the cuvette material,
leading to degradation or discoloration of the material. For example, strong acids
or bases can attack plastic cuvettes, while organic solvents can dissolve certain
types of glass cuvettes.

Physical incompatibility: Some samples may contain particles or fibers that can
scratch the cuvette surface, leading to light scattering or loss of clarity.
Additionally, samples with high viscosity or surface tension may not flow smoothly
through the cuvette, leading to inaccurate readings.

Contamination: Samples that are not properly cleaned or rinsed from the cuvette
can leave behind residue that can interfere with subsequent analyses.

UV-absorbing impurities: Some samples may contain impurities that absorb UV or
visible light at the same wavelength as the analyte, leading to inaccurate readings.

Cuvette size: Samples that require a larger or smaller cuvette size than the one
being used can lead to inaccurate readings, as the path length of the light through
the sample will be different.



Chromophores: A must have for UV-Vis analysis!

A chromophore group is a chemical group or functional group within a molecule that is responsible for its color or ability
to absorb light in a specific wavelength range. Chromophores are typically composed of conjugated double bonds, which
allow them to absorb light and undergo electronic transitions. The color of a molecule is determined by the energy
difference between the ground state and the excited state of the chromophore group. Common chromophores include
carbonyl groups (C=0), nitro groups (-NO2), and aromatic rings (benzene rings). Chromophores are important in many
fields, including chemistry, biochemistry, and materials science, as they allow scientists to study the electronic properties

and behavior of molecules.
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Quartz cuvettes: A must have for UV analysis!

A quartz cuvette is important for UV analysis because it
is transparent in the ultraviolet (UV) region of the
electromagnetic spectrum, which is the range of
wavelengths typically used in UV spectroscopy. Unlike
other types of cuvettes, such as those made of glass,
plastic, or polystyrene, quartz cuvettes do not absorb
light in the UV range, which can lead to inaccurate
absorbance measurements. This is particularly important
for samples with low concentrations or those that have
strong UV absorption, as even small amounts of cuvette
absorption can significantly affect the results.
Additionally, quartz cuvettes are resistant to many
chemicals and solvents, making them suitable for use in a
wide range of applications. Overall, the use of a quartz
cuvette ensures accurate and reliable UV analysis of
samples.




Parts of a UV-Vis Spectrophotometer

Light Source L

Light source: The light source provides the light that is used to Diffraction I \

illuminate the sample. The most common light sources used in Gratiﬂg; | {:| Mirror 1
UV-Vis spectrophotometers are tungsten-halogen lamps and Slit 1 /

deuterium lamps. T e Light Saurce Vis
Monochromator: The monochromator is used to isolate a _

specific wavelength of light from the light source. It is composed Filter

of a diffraction grating or prism that disperses the light into its Refarance

component wavelengths and selects a narrow band of Mirror 4 Cuvette Detectar 2
wavelengths to pass through to the sample. REE_F:;?CE e
Sample holder: The sample holder is where the sample is placed ll-ll Lens 1

to be analyzed. It is typically a cuvette made of quartz or glass, Half Mirrar

which is transparent in the UV-Vis region.

Detector: The detector measures the intensity of the light that ¢ Mirrar 2 Sample

passes through the sample. The most common detectors used in Cuvette Detactor 1
UV-Vis spectrophotometers are photodiodes or photomultiplier Sample .n. =T
tubes. % Mirror 3 B I|,|ILer‘|5 2

Data output device: The data output device is used to display or
record the results of the analysis. This can be a computer,
printer, or chart recorder. ,_.
Control and processing electronics: The control and processing
electronics are responsible for controlling the operation of the
instrument and processing the data obtained from the detector.




Nuclear magnetic resonance (NMR)

Nuclear magnetic resonance (NMR) is a physical phenomenon in which atomic nuclei in a strong magnetic field
absorb and re-emit electromagnetic radiation at a specific frequency. This process is influenced by the local
chemical environment of the nuclei, making NMR a valuable analytical technique in physics, chemistry, and
biology.

NMR is widely used to study the structure, dynamics, and chemical properties of molecules, particularly in
organic chemistry and biochemistry. It provides detailed information about the arrangement of atoms within a
molecule, the chemical bonds between them, and the overall molecular structure.
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Background for understanding Nuclear Magnetic Resonance (NMR)

Nuclear magnetic resonance (NMR) is a scientific technique that exploits the magnetic properties of certain atomic nuclei. When
these nuclei are placed in a strong external magnetic field, they can absorb and emit radio waves of a specific frequency, depending
on the strength of the field. This phenomenon is called resonance and it allows us to obtain information about the structure and
composition of molecules that contain these nuclei.

The principle of functioning of NMR is based on the concept of spin, which is a quantum mechanical property of protons and neutrons.
Spin makes these particles behave like tiny magnets with a north and south pole. In the absence of an external magnetic field, these
nuclear magnets are randomly oriented and cancel each other out. However, when an external magnetic field is applied, they tend to
align with or against the direction of the field, creating two distinct energy levels: low (parallel) and high (antiparallel).

The difference between these two energy levels depends on the strength of the external magnetic field and the type of nucleus. By
applying a radio wave of the same frequency as this energy difference, we can induce some of the nuclear magnets to flip from the
low to the high energy level, or vice versa. This process is called excitation and it results in a change in the net magnetization of the
sample. When the radio wave is turned off, the nuclear magnets return to their original state, releasing energy in the form of another
radio wave. This process is called relaxation and it results in a signal that can be detected by a receiver coil.

The signal produced by NMR is called a spectrum and it contains information about the number, type and environment of the nuclei in
the sample. By analyzing the spectrum, we can determine various aspects of the molecular structure, such as bond lengths, bond angles,
functional groups, stereochemistry and dynamics.



Nuclear Spin

Nuclear spin refers to the intrinsic angular momentum possessed by the nucleus of an atom. This spin arises from the
presence of protons and neutrons in the nucleus, which themselves possess spin. The nuclear spin can be quantized,
meaning it can only take on certain discrete values, and is typically denoted by the quantum number I.

The basic principle of NMR spectroscopy is based on the behavior of nuclear spins in a magnetic field. Atoms with an odd
number of protons and/or neutrons have a nuclear spin and behave like tiny magnets. When placed in a strong external
magnetic field, such as that generated by a superconducting magnet in an NMR instrument, the nuclear spins align either
parallel or antiparallel to the magnetic field. In a sample containing multiple types of atoms, each atom with a nuclear spin
can be thought of as a tiny magnet with a specific orientation in the magnetic field.

When radiofrequency (RF) radiation with the appropriate frequency is applied to the sample, it can excite the nuclei with
the correct spin orientation and cause them to transition to a higher energy state. The amount of energy required to excite
the nuclei is specific to each type of atom, so different atoms in the sample will absorb RF radiation at different
frequencies. This is known as the chemical shift and is the basis for the chemical identification of molecules using NMR

spectroscopy.
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Principle of Nuclear Magnetic Resonance (NMR)

When a sample is placed in a magnetic field, the net magnetization aligns with

the direction of the magnetic field (B0). When an RF pulse is applied

perpendicular to the magnetic field, it causes the net magnetization to rotate

by 90 degrees, resulting in a transverse magnetization. This transverse

magnetization precesses —or rotate- around the magnetic field (BO) at a

frequency determined by the strength of the magnetic field and the properties .m0l

of the sample. H H

H-C—C~0H

H H

As the transverse magnetization precesses, it induces a voltage in the receiver

coil, which is detected as an NMR signal. The frequency of the NMR signal is

directly proportional to the strength of the magnetic field and the chemical H
environment of the sample. The amplitude of the NMR signal is proportional to

the number of nuclei in the sample that are in the excited state. H

After the RF pulse is turned off, the transverse magnetization begins to decay I

and relax back to the equilibrium state. This relaxation process is characterized
by two time constants, T1 and T2, which reflect the rates at which the
longitudinal and transverse magnetization return to their equilibrium values,
respectively. The decay of the transverse magnetization results in a decrease in
the amplitude of the NMR signal over time. This decay generates a signal that
can be detected by the NMR instrument and used to obtain information
about the chemical environment of the atoms in the sample.



Shielding and chemical shift

Nuclear magnetic resonance (NMR) spectroscopy involves the influence of the local magnetic field generated by the electron
cloud surrounding the nucleus on the magnetic field generated by the nucleus. The magnetic field produced by the electrons
can either strengthen or counteract the external magnetic field applied. This shielding effect leads to a slightly varied
magnetic field experienced by the nucleus, resulting in a different resonance frequency. The difference in resonance
frequency is referred to as the chemical shift, which is measured in parts per million (ppm) and is a unique feature of the
nucleus and its chemical surroundings. The electron density, molecular structure of the molecule, and the atom's local
environment within the molecule all influence the chemical shift.
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Types of Nuclear Magnetic Resonance (NMR)

Continuous Wave (CW) NMR: This is an older technique where a constant frequency is applied, and the sample is slowly swept
through a range of magnetic field strengths. It is less sensitive and less commonly used today but is important historically.

Fourier Transform (FT) NMR: This is the most common type of NMR used today. It involves applying a short radiofrequency pulse to
the sample, which excites the nuclei into higher energy states. The resulting signal is then analyzed using Fourier transform techniques
to produce a high-resolution spectrum.

Liquid-state NMR: It is used to analyze liquid samples. This can include small molecules, proteins, and other biomolecules dissolved in
solvents.

Solid-state NMR: This type of NMR is used to study solid samples, as opposed to solutions. It requires specialized techniques and
equipment to overcome the broadening of spectral lines caused by strong dipolar couplings and chemical shift anisotropy.

Magic Angle Spinning (MAS) NMR: This is a technique used in solid-state NMR, where the sample is spun at a specific angle (the
"magic angle") relative to the magnetic field to average out the anisotropic interactions and obtain higher resolution spectra.

Two-Dimensional (2D) NMR: This technique involves correlating the frequencies of two different types of nuclei or different
interactions between the same type of nuclei. It provides additional information about the structure and dynamics of molecules
compared to one-dimensional (1D) NMR.

Relaxation Measurements: These techniques measure the relaxation times (T1 and T2) of the nuclei, providing information about
molecular dynamics.



Continuous Wave Nuclear Magnetic Resonance (NMR)

Continuous Wave (CW) NMR (Nuclear Magnetic Resonance) is
a technique used in spectroscopy to study the properties of
atomic nuclei. In this technique, a constant frequency
radiofrequency signal is applied to a sample containing
atomic nuclei in a magnetic field. The nuclei absorb the
energy from the radiofrequency signal and emit it back as a
signal that can be measured and analyzed. This signal

provides information about the chemical and physical 2/ (b) @)
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Fourier Transform NMR:
Free Induction Decay (FID) (Not Flame lonization Detector)

In NMR spectroscopy, the signal produced after the RF pulse is
called a free induction decay (FID). The FID is a complex time-
dependent signal that represents the precession of the net
magnetization vector in the magnetic field. The FID signal is
then transformed from the time domain to the frequency
domain by a mathematical operation called a Fourier
transform, which converts the signal from a time-dependent
signal into a frequency-dependent signal. This transformation
converts the FID into a spectrum, which represents the
frequencies present in the signal and their relative intensities.
The NMR spectrum shows a series of peaks that correspond to
different resonances in the molecule. The peaks are labeled
according to their chemical shift, measured in parts per million
(ppm), and their relative intensities, which indicate the number
of nuclei with a given chemical environment. The spectrum also
provides information on the coupling of nuclei, which results in
the splitting of peaks into multiplets.

i Free Induction Decay (FID)

¢ FID represents the time-domain
response of the spin system following
application of an radio-frequency pulse.
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Magic Angle Spinning (MAS) NMR

Magic Angle Spinning (MAS) NMR is a technique used in nuclear magnetic resonance (NMR) spectroscopy, which
involves spinning a sample at a specific angle relative to the magnetic field. This technique is used to improve the
resolution and sensitivity of NMR spectra by reducing the effects of dipolar couplings and chemical shift anisotropy. By
spinning the sample at the magic angle of 54.7 degrees, the dipolar interactions are averaged to zero, resulting in a
sharper and more informative NMR spectrum. MAS NMR is widely used in the study of solid-state materials, such as
proteins, polymers, and minerals, where traditional NMR techniques are not applicable.
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Two-Dimensional (2D) NMR

Two-dimensional (2D) NMR is a technique used in nuclear
magnetic resonance (NMR) spectroscopy that involves the
acquisition of two types of data: chemical shift and coupling
constant. This technique provides more detailed information
about the molecular structure and dynamics of a sample
compared to traditional one-dimensional (1D) NMR
spectroscopy. In 2D NMR, two different radiofrequency pulses
are applied to the sample, resulting in a spectrum that shows
the correlation between two different nuclei in the molecule.
The resulting spectra are displayed as a two-dimensional plot,
with one axis representing the chemical shift and the other
representing the coupling constant. This technique is used in a
wide range of applications, including the study of proteins,
carbohydrates, and other complex molecules.
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Relaxometry Nuclear Magnetic Resonance (NMR)

Relaxometry NMR is a technique used in nuclear magnetic resonance (NMR)
spectroscopy to measure the rate at which nuclear spins in a sample relax
back to their equilibrium state after being perturbed by a radiofrequency

pulse. This information can be used to determine various physical and
chemical properties of the sample, such as molecular mobility, viscosity, and =
molecular size. Relaxometry NMR can be applied in various fields, including Sonel ey

NMR Relaxation
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materials science, biology, and medicine.

Signal

Signal decay from a
material containing
both a solid
crystalline and a
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Relaxometry is primarily utilized in food analysis to ascertain the

physicochemical attributes of food constituents. It furnishes details on the

movement and behavior of molecules, particularly water, within foods, ?jggaségav i
facilitating the characterization of food processing and quality. In food e
analysis, relaxometry techniques, including T1 and T2 relaxation time

measurements, are frequently employed to assess various factors such as

water content, texture, and shelf life. For instance, T2 relaxation time

measurements can be utilized to gauge the moisture content and structural

properties of bread, while T1 relaxation time measurements can be used to

appraise the shelf life of packaged food products.




Parts of an NMR spectrometer

Magnet: It generates a strong magnetic field that aligns the spins of the atomic
nuclei in the sample.

Radiofrequency (RF) transmitter and receiver: It sends and receives RF pulses to
excite and detect the nuclear spins.

Probe: It contains the sample and is placed inside the magnet. It also contains
the RF coils for transmitting and receiving signals.

Computer: It controls the instrument and collects, processes, and analyzes the
NMR data.

Shimming system: It adjusts the magnetic field in the sample to make it as
homogeneous as possible.

Gradient coils: They are used to apply magnetic field gradients to the sample,
which allows for spatial encoding of the NMR signals.

Console: It provides the user interface for controlling the instrument and
acquiring NMR data.
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Proton NMR

Hydrogen (Proton) nuclear magnetic resonance (H-
NMR) is a technique that uses the magnetic properties
of hydrogen atoms to study the structure and
dynamics of organic molecules. H-NMR is based on
the principle that hydrogen nuclei (protons) have a
spin quantum number of 1/2 and can exist in two
possible spin states: aligned with or against an
external magnetic field. When a sample containing
hydrogen atoms is placed in a strong magnetic field
and irradiated with radiofrequency pulses, some of the
protons absorb energy and flip their spin state. This
process is called resonance and it depends on the
chemical environment of the protons. By measuring
the frequency and intensity of the absorbed signals,
one can obtain information about the number, type
and location of hydrogen atoms in a molecule. H-NMR
is widely used in organic chemistry, biochemistry and
medicine to identify and characterize compounds,
determine their purity and monitor their reactions.
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Proton NMR

Hydrogen nuclear magnetic resonance (H-NMR) is a spectroscopic technique that can provide information about the different environments of
hydrogen atoms in an organic molecule, and about how many hydrogen atoms there are in each of these environments. To interpret H-NMR
spectra, one needs to consider several factors such as chemical shift, spin multiplicity, integration, and coupling constants.

Chemical shift is the position of a signal on the x-axis of the spectrum, measured in parts per million (ppm) relative to a reference compound,
usually tetramethylsilane (TMS), which has a chemical shift of 0 ppm. Chemical shift depends on the electronic environment of the hydrogen
atom, which is influenced by nearby electronegative atoms, unsaturated groups, or magnetic fields . Generally, hydrogen atoms that are more
shielded by electron density have lower chemical shifts (upfield), while those that are more deshielded by electron withdrawing groups have
higher chemical shifts (downfield).

Spin multiplicity is the number and pattern of peaks that a signal shows due to the interaction with neighboring hydrogen atoms. This
phenomenon is called spin-spin coupling and it can reveal how many hydrogen atoms are adjacent to the one being observed. The general
rule is that n equivalent neighboring hydrogen atoms will split a signal into n+1 peaks. For example, a hydrogen atom with two equivalent
neighbors will show a triplet, while one with three equivalent neighbors will show a quartet.

Integration is the area under a signal, which is proportional to the number of hydrogen atoms that contribute to that signal . Integration can be
used to determine the ratio of different types of hydrogen atoms in a molecule . For example, if a signal has an integration of 3 and another has
an integration of 2, it means that there are three hydrogen atoms of one type and two hydrogen atoms of another type in the molecule.

Coupling constants are the distances between the peaks of a split signal, measured in hertz (Hz). Coupling constants depend on the angle
between the bonds that connect the coupled hydrogen atoms. Coupling constants can provide information about the relative configuration of
the molecule. For example, a large coupling constant (10-18 Hz) indicates a trans arrangement, while a small coupling constant (3-6 Hz) indicates
a cis arrangement.



Carbon NMR

Carbon nuclear magnetic resonance (NMR) is a technique used to study the chemical properties of carbon-containing
molecules. It is a type of spectroscopy that uses the interaction between the nuclear spin of carbon atoms and an external
magnetic field to determine the chemical structure and environment of the carbon atoms in a molecule. Carbon NMR is
commonly used in organic chemistry to identify and characterize molecules and can provide information about the number
and types of carbon atoms present, their connectivity and functional groups.
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Carbon NMR

Carbon nuclear magnetic resonance (NMR) is a technique used to study the chemical properties of carbon-containing molecules. It is a type of
spectroscopy that uses the interaction between the nuclear spin of carbon atoms and an external magnetic field to determine the chemical
structure and environment of the carbon atoms in a molecule. Carbon NMR is commonly used in organic chemistry to identify and characterize
molecules and can provide information about the number and types of carbon atoms present, their connectivity and functional groups.

Carbon NMR is based on the observation of 13C isotopes, which account for only 1% of all carbon atoms in nature. The other 99% are 12C isotopes
which have no nuclear spin and are not detectable by NMR. The low abundance of 13C makes carbon NMR less sensitive than proton NMR, which
observes 1H isotopes that are present in almost all hydrogen atoms. To overcome this limitation, carbon NMR spectra are usually recorded with a
technique called broadband decoupling, which eliminates the coupling between 13C and 1H nuclei and simplifies the spectra.

The chemical shift of carbon atoms in carbon NMR depends on their electronic environment, which is influenced by the electronegativity of
neighboring atoms and groups. Carbon atoms that are bonded to more electronegative elements, such as oxygen or nitrogen, have a higher
chemical shift than those bonded to less electronegative elements, such as hydrogen or carbon. The chemical shift range for carbon NMR is from 0
to 220 ppm, with TMS (tetramethylsilane) as the reference standard at 0 ppm. The most downfield signals (above 200 ppm) are usually from
carbonyl groups (C=0), while the most upfield signals (below 50 ppm) are usually from aliphatic groups (C-H or C-C).

Carbon NMR can provide valuable information about the structure and properties of organic molecules. By comparing the number and position of
signals in a carbon NMR spectrum with a molecular formula, one can deduce how many different types of carbon atoms are present in a
molecule and how they are connected. By analyzing the chemical shift values and comparing them with known reference data, one can infer what
functional groups are attached to each carbon atom. Carbon NMR can also be combined with other techniques, such as proton NMR, infrared
spectroscopy, or mass spectrometry, to obtain more detailed and accurate information about a molecule.



Proton vs Carbon NMR

Carbon and hydrogen (Proton) nuclear magnetic resonance (NMR) are two types of spectroscopic techniques that
can be used to study the structure and dynamics of organic molecules. Both techniques rely on the fact that certain
nuclei, such as carbon-13 and hydrogen-1, have a property called spin, which makes them behave like tiny magnets
in @ magnetic field. When these nuclei are exposed to a radiofrequency pulse, they can absorb energy and flip their
spin orientation. The frequency at which this happens depends on the strength of the magnetic field and the
chemical environment of the nucleus. By measuring the frequency and intensity of the absorbed signals, one can
infer information about the number, type and location of the atoms in a molecule.

The main difference between carbon and hydrogen NMR is that carbon-13 is a much less abundant and less sensitive
nucleus than hydrogen-1. This means that carbon NMR requires more sample, more time and stronger magnetic
fields than hydrogen NMR. However, carbon NMR also has some advantages over hydrogen NMR. For example,
carbon NMR can distinguish between different types of carbon atoms, such as sp3, sp2 and sp hybridized carbons,
whereas hydrogen NMR cannot. Carbon NMR can also provide information about the coupling between carbon and
other nuclei, such as nitrogen, oxygen and phosphorus, which can help to determine the connectivity and
stereochemistry of a molecule. Hydrogen NMR, on the other hand, can only show coupling between hydrogen
atoms.



MRI (Magnetic Resonance Imaging) NMR

The internal structure of the body can be visualized
through a series of detailed images obtained from
Magnetic Resonance Imaging (MRI). These images
are created by analyzing how hydrogen atoms
respond to a strong magnetic field and radio waves.
MRI has two primary applications: medical
diagnosis and scientific research. In medical
diagnosis, MRI is commonly used to detect tumors,
injuries, infections, and abnormalities in the brain
and spinal cord. In scientific research, MRl is utilized
to study the structure and function of biological
tissues and materials. It can be used to investigate
cell and tissue behavior under various conditions,
map molecule distribution in the body, and analyze
the effects of drugs and treatments on biological
systems.




General applications of NMR in food analysis (Examples)

Quantitative analysis: Determination of moisture content in
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Shelf-life determination: Monitoring of lipid oxidation in food
products.

Microstructure analysis: Characterization of starch

gelatinization in cooked pasta. y
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Nutritional analysis: Quantification of vitamins and minerals in
food products.

Processing optimization: Analysis of the effects of different
processing methods on food properties.
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