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Abstract:- The vibrational spectroscopic approach
known as infrared (IR) spectroscopy is based on the idea
that infrared radiation is absorbed by certain materials,
which in turn excites the vibration of a molecular band.
It is an effective and potent technique for examining
functional, structural. The relative simplicity of
performing measurements is one of these approaches'
key features. Reviewing the fundamentals, principles,
instrumentation, sampling techniques, and applications
of infrared spectroscopy in analytical science is the goal
of this work.

l. INTRODUCTION

The term "spectroscopy" refers to the study of how
electromagnetic radiation interacts with matter. Thus, there
are numerous ways in which radiation interacts, including
through impedance, resonance, absorption, emission,
diffraction, and inelastic scattering. Spectroscopy is a useful
tool for characterising and detecting matter, such as atoms,
molecules, and nuclei, based on the spectra that are created
and the radiation that they interact with. As the name
suggests, the electromagnetic spectrum is a range of
electromagnetic radiation frequencies along with the
associated photon energies and wavelengths. *?)

William Herschel in 1800 discovered the Infrared
radiation®

When a sample is exposed to polychromatic light for
IR spectroscopy, a photon of light is absorbed when its
frequency (energy) coincides with the energy needed for a
specific bond in the sample to vibrate. A vibration needs to
alter the molecular dipole moment in order to be considered
IR active®,

» Principle of IR waves :

To the human eye, infrared light, or “infrared rays," is
invisible. At 0.75 nm, the infrared spectrum begins.
wavelength range: 390-750 nm, The average human eye
will react. A nanometer or nm is 10-9 m. The three regions
of the infrared spectrum are Far Infrared (FIRS), Mid
Infrared (MIRS), and Near Infrared (NIRS)® -2 The
wavenumber (¥) and wavelength (A) scales identify the
ranges between this spectrum®?),

The three Infra red regions of interest in the
electromagnetic spectrum in terms of wavelengths the three
regions in micrometers (um) are the following:

o Near Infrared Spectroscopy (NIRS): (0.7 um to 2.5 pum)

o Mid Infrared Spectroscopy (MIRS): (2.5 pm to 25 pm)
o Far Infrared Spectroscopy (FIRS): (25 um to300 pum)
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> In Another Wavenumbers the three Regions in cm-1 are:

e Near Infrared Spectroscopy (NIRS) : (14000-4000 cm-1)
e Mid Infrared Spectroscopy (MIRS) : (4000-400 cm-1)
e Far Infrared Spectroscopy (FIRS) : (400-10 cm-1

The initial area The study of overtones and
combination or harmonic vibrations is made possible by
NIRS. While the FIRS region studies low heavy atom
vibrations (metal ligand or lattice vibrations), the MIRS
region studies the rotation-vibration structure of small
molecules and fundamental vibrations. With a wavelength of
<0.7um, infrared (IR) light is electromagnetic radiation with
a longer wavelength than visible light. 10-6m is one
micrometre (u)®.

> Typs of Vibrations :
Two main modes of vibrations are commonly known :

e Stretching (where the distance between the two atoms
and hence the bond length is affected)

e Bending (where the slant between the two bonds is
altered)

» Stretching Vibrations Include Two Types of Motions :

e Symmetric (where the two atoms simultaneously move
toward and away from the central atom).

e Anti-Symmetric (where one of the atoms move toward
the central atom, while the second moves away from the
central atom).

» Bending Vibrations Include four Types of Motions :

e Rocking (the two atoms moving in-plane either
clockwise or anti-clockwise),

e Scissoring (also in-plane, both atoms are simultaneously
moving either toward each other or away from each
other),

e Wagging (out-of-plane,  where  both atoms
simultaneously move like a V sign back and forth), and

e Twisting (out-of-plane, where one atom moves forward
while the other moves backward)@¥.

1. INSTRUMENTAL TECHNIQE OF IR
SPECTROSCOPY

Overall, there has been significant advancement in this
discipline, particularly after the introduction of grating in
1823 and the introduction of the first commercial infrared
spectrometer. When it was initially launched in the 1940s,
the standard infrared spectrophotometer was a dispersive
device. The basic components of this apparatus consisted of
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a radiation source, a monochromator, and a detector, usually
arranged in a double beam configuration. A monochromator
is nothing more than a dispersive device that divides a whole
spectrum of infrared light into a continuous series of
infrared bands with resolved frequencies. Only one
frequency is traced at a time by these sensors. As a result,
recording an entire spectrum takes a while(-9:15.16),

» Conventional
Spectrophotometers®©19 :
Four primary components make up the typical classical
dispersive infrared equipment :

Dispersive Infrared

e A Light Source of Irradiation
o A Dispersing Element, Diffraction Grating or a Prism
e A Detector
e Optical System of Mirrors

From the source, the infrared light is reflected to a flat
mirror and reference monochromator before passing through
the sample. A rotating mirror is subjected to beams that spin
slowly, causing different frequencies of infrared light to pass
through to the detector.

» Fourier Transform Spectrophotometers :

The first Fourier transform (FT) devices were launched
in the 1960s. The primary distinction between FT and
dispersive equipment was the use of interferometers. Thus,
an interferogram is the term used to describe the FT-IR
instrument's output. Even though FT-IR devices were
designed to increase the utilisation of infrared radiation,
their applications were restricted to advanced research. This
was mostly caused by the pricey electronics component and
the requirement for supercomputers to record the generated
data(7'9'15'18).

The vibrational spectroscopy technique known as FT-
IR spectroscopy allows one to see both the molecule
structure and surroundings. Using this method, the sample is
exposed to radiation from an infrared source, and as a result
of the radiation's absorption, vibrational movements are
induced by the deposit of energy into vibrational
modes®20),

» The following are the Key Components of the Michelson
FT-IR Spectrometer®-23

e Light Source (IR Source)
The following are common sources of IR:

v' Resistively heated silicon carbide rods, sometimes
referred to as Globar sources. The rod receives an
electric charge, which causes it to heat up to 1,300 K and
release an excessive quantity of infrared radiation. Water
cooling was necessary in the past to prevent damage to
electrical components, but developments in metal alloys
have made Globars which don't need water cooling
possible.

v" Nichrome and Kanthanl wire coils were formerly widely
used infrared sources. Unlike Globars, they operated at
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lower temperatures, so they didn't need cooling, but the
trade-off was that they produced less IR radiation.

v Although Nernst Glowers can achieve higher
temperatures than Globars and are made of a
combination of refractory oxides, they are unable to
produce infrared radiation over 2000 cm-1.

v' Interferometer Albert Abraham Michelson invented the
first interferometer; in 1907, he was awarded the Nobel
Prize for his contributions. The present FTIR system
would not exist without this essential piece of optical
apparatus. The three primary components of the
interferometer are a moving mirror, a stationary mirror,
and a beam splitter.

e Beam Splitter (Half Silvered Mirror)

A unique substance that makes up the beam splitter is
essential to the transmission of half of the incident radiation
and the reflection of the other half. After hitting the beam
splitter, the source's infrared radiation splits into two beams.
The fixed mirror receives the first beam sent via the beam
splitter, while the moving mirror receives the second beam
reflected from the beam splitter. The radiation is reflected by
both mirrors back to the beam splitter, where it interferes
with the two beams to create an interferogram.

e Moving Mirror

The moving mirror has a flat, highly reflecting surface
that is supported by air bearings that enable it to move
quickly once per millisecond. The moving mirror's distance
from the beam splitter is merely a few millimetres.

e Fixed Mirror
The surface of the fixed mirror is extremely reflecting
and level.

e Laser

A Helium-Neon laser is a common internal wavelength
calibration standard in many equipment. It is necessary to
always know where the moving mirror is at all times. The
moving mirror is timed using an extremely precise laser
wavelength, and it goes back and forth at a specific constant
pace.

In the interferometer, the laser beam's intensity is
measured twice. A sine wave of intensity against mirror
position will be produced at these two locations as a result
of the intensification and cancellation of the He-Ne beam
pathways, which cause the intensity to rise and fall as the
mirror moves. The device can determine the precise amount
of movement of the mirror by counting the number of
—fringesl in the sine wave, and it can determine the
direction the mirror is travelling in based on the sine wave's
relative phase.

e Detector

Thermal and photonic detectors are the two types of
infrared detectors. Whereas photonic (quantum mechanical)
detectors employ infrared radiation as light, making them
more sensitive than thermal detectors, which use infrared
radiation as heat.
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» The Functional Groups ldentification :

Since most organic compounds contain dozens of
distinct bond stretching and bending movements, as well as
dozens of absorptions, it can be challenging to fully
understand an IR spectrum. On the one hand, this
complexity is problematic since it often restricts the use of
IR spectroscopy in the laboratory to pure samples of
relatively tiny molecules; huge, complicated biomolecules
cannot be well-understood by IR spectroscopy. However,
this intricacy is advantageous as an IR spectrum serves as a
distinct fingerprint for each chemical. The fingerprint area is
really the complicated range of the infrared spectrum,
spanning from 1500 cm-1 to around 400 cm-1. It is highly
likely that two samples are similar molecules if their
infrared spectra match®?,

Thankfully, useful structural information may be
obtained from an IR spectrum without requiring a thorough
interpretation. The majority of functional groups have
distinctive infrared absorption bands that are rather constant
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across compounds. A ketone's (C=0) absorption is nearly
usually found between 1680 and 1750 cm-1, an alcohol's
(O—H) absorption is found between 3400 and 3650 cm-1, an
alkene's (C=C) absorption is found between 1640 and 1680
cm-1, and so on. It is feasible to extract structural
information from IR spectra by determining the locations of
distinctive functional-group absorptions. useful structural
information may be obtained from an IR spectrum without
requiring a thorough interpretation. The majority of
functional groups have distinctive infrared absorption bands
that are rather constant across compounds. A ketone's (C=0)
absorption is nearly usually found between 1680 and 1750
c¢m-1, an alcohol's (O-H) absorption is found between 3400
and 3650 cm-1, an alkene's (C=C) absorption is found
between 1640 and 1680 cm-1, and so on. It is feasible to
extract structural information from IR spectra by
determining the locations of distinctive functional-group
absorptions. The distinctive infrared bands of a few frequent
functional categories are listed in Table 12.1@%),

Table 1 Characteristic IR Absorptions of Some Functional Groups
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e Alkanes:

Since an alkane lacks functional groups and all
absorptions are caused by (C—H) and (C-C) bonds, its IR
spectra are not very informative. Saturated (C—C) bonds
have many bands in the 800-1300 cm-1 region, while
alkane (C—H) bonds exhibit a high absorption from 2850 to
2960 cm-1. These distinctive IR absorptions are seen in
most organic compounds because they contain saturated
alkane-like parts®@.

o Alkenes :

Alkenes exhibit a number of distinctive stretching
absorptions. Alkene (C=C) bonds typically absorb at 1650
cm-1, although in some situations, where the alkene is
symmetric, or nearly so, their peaks can be quite tiny and
difficult to discern clearly. Vinylic (= C-H) bonds absorb
between 3020 and 3100 cm-1.

Because alkenes exhibit distinctive =C—H out-of-plane
bending absorptions in the 700-1000 cm-1 range, it is
possible to identify the substitution pattern on a double
bond. For instance, 1,1-disubstituted alkenes (R2C=CH?2)
have an intense band at 890 cm-1, and monosubstituted
alkenes, such 1-hexene, have strong distinctive bands at 910
and 990 cm—1®4,

o Alkyne :

Alkynes show a (C=C) stretching absorption at 2100
to 2260 cm-1, an absorption that is much more intense for
terminal alkynes than for internal alkynes. Terminal alkynes
such as 1-hexyne also have a characteristic (=C-H)
stretching absorption at 3300 cm—1¢@4

e Aromatic Compounds :

Strong (C-H) stretching absorption is seen in aromatic
compounds, like benzene, at 3030 cm-1, which is directly to
the left of a normal saturated (C—H) band. Furthermore, they
exhibit a sequence of medium-intensity absorptions in the
1450-1 area and a sequence of weak absorptions in the
1660-2000 cm-1 range. The intricate molecular movements
of the whole ring are the cause of these subsequent
absorptions. Similar to the substitution pattern of alkenes,
the (C-H) out-of-plane bending area for benzene
derivatives, which ranges from 650 to 1000 cm-1, provides
important information on the ring's substitution pattern®,

e Alcohol :

Alcohols' (O-H) functional group may be easily
identified. Alcohols have a distinctive band that is often
broad and strong, ranging from 3400 to 3650 cm-1. The
wide absorbance is caused by hydrogen bonds forming
between (O-H) groups. It is difficult to overlook this band
or mistake it for anything else when an (O-H) stretch is
present®,

e Amines :

In the infrared spectrum, the( N-H) functional group of
amines is also easily identifiable thanks to its distinctive
absorption in the 3300-3500 cm-1 region. Alcohols absorb
in the same range, but a( N-H )band absorbs lightening
more quickly than an( O—H )band®@.
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o Esters:

Saturated esters have a ( C=0) absorbance at 1735
cm-1 and two strong absorbances in the 1300 to 1000 cm-1
range from the (C-O) portion of the functional group. Like
other carbonyl functional groups, esters next to either an
aromatic ring or a double bond absorb at 1715 cm-1, about
20 to 30 cm—1 lower than a saturated ester®4),

. APPLICATIONS OF IR SPECTROSCOPY

e In industry and chemistry, infrared spectroscopy, also
known as vibrational spectroscopy, is used to
characterise and identify compounds. Since each
molecule's fingerprint is represented by its IR spectrum,
IR is used to characterise compounds®@>29),

e Fournier A useful/important technique for identifying
microorganisms is transform infrared spectroscopy of
entire cells, which is applied, for example, in
pharmaceutical applications, medical applications, strain
collections, and drinking water regulation”.

e When assessing the degree of polymerization during the
manufacturing of polymers, IR spectroscopy has shown
to be quite beneficial®®),

e Since the infrared spectrum represents a substance's
"fingerprint,"” it is crucial for characterising, identifying,
and verifying the authenticity of compounds. As a result,
infrared spectroscopy is utilised in forensics to examine
materials including narcotics, alcohol, fibres, pigments,
and blood@%-3®),

V. CONCLUSION

Infrared (IR) spectroscopy is an effective technique for
examining functional and structural properties of materials,
based on the absorption of infrared radiation by certain
materials and the resulting excitation of molecular vibrations
.FT-IR spectroscopy is a type of vibrational spectroscopy
that allows for the visualization of both molecular structure
and surroundings. It involves exposing a sample to infrared
radiation and observing the induced vibrational movements
.The infrared spectrum serves as a unique fingerprint for
each chemical, with distinctive absorption bands for
different functional groups. This allows for the extraction of
structural information from IR spectra without requiring a
thorough interpretation. While the complexity of IR spectra
can make it challenging to fully understand, it also provides
valuable information about bond stretching and bending
movements. However, the use of IR spectroscopy is often
limited to pure samples of relatively small molecules. In
vibrational spectroscopy, different types of molecular
movements include scissoring, wagging, and twisting, each
characterized by specific atom movements.
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