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INTRODUCTION

Infrared spectroscopy (IR spectroscopy or Vibrational Spectroscopy) involves the interaction of infrared radiation with matter. It covers a range of techniques, mostly based on absorption spectroscopy. As with all spectroscopic techniques, it can be used to identify and study chemicals. Sample may be solid, liquid, or gas. The method or technique of infrared spectroscopy is conducted with an instrument called an infrared spectrometer (or spectrophotometer) to produce an infrared spectrum. Typical units of frequency used in IR spectra are reciprocal centimeters (sometimes called wave numbers), with the symbol cm−1. Units of IR wavelength are commonly given in micrometers (formerly called "microns"), symbol μm, which are related to wave numbers in a reciprocal way. A common laboratory instrument that uses this technique is a Fourier transform infrared (FTIR) spectrometer. 

PRINCIPLE

Molecules are made up of atoms linked by chemical bonds. The movement of atoms and the chemical bonds look like spring and balls (vibration). This characteristic vibration is called natural frequency of vibration. When energy in the form of infrared radiation is applied then it causes the vibration between the atoms of the molecules and
When, Applied infrared frequency = Natural frequency of vibration 

Then, Absorption of IR radiation takes place and a peak is observed. Different functional groups absorb characteristic frequencies of IR radiation. Hence gives the characteristic peak value. Therefore, IR spectrum of a chemical substance is a finger print of a molecule for its identification. 

The infrared portion of the electromagnetic spectrum is usually divided into three regions. They are near-, mid- and far- infrared, named for their relation to the visible spectrum. The higher-energy near-IR, approximately 13000–3000 cm−1 (0.8–2.20 μm wavelength) can excite overtone or harmonic vibrations. The mid-infrared, approximately 3000–300 cm−1 (2.20–220 μm) may be used to study the fundamental vibrations and associated rotational-vibrational structure. The far-infrared, approximately 300–10 cm−1 (220–1000 μm), lying adjacent to the microwave region, has low energy and may be used for rotational spectroscopy. The names and classifications of these sub regions are conventions, and are only loosely based on the relative molecular or electromagnetic properties

Criteria for a compound to absorb IR radiation

(a) Correct wavelength of radiation: - A molecule to absorb IR radiation, the natural frequency of vibrations of some part of a molecule is the same as the frequency of incident radiation. 

(b) Change in dipole moment: - A molecule can only absorb IR radiation when its absorption causes a change in its electric dipole. A molecule is said to have an electric dipole when there is a slight positive and a slight negative charge on its component of atoms.

3.4 MODES OF VIBRATIONS

For a molecule to absorb infrared radiation it must undergo a net change in dipole moment as a result of vibrational or rotational motion. Vibrations can be subdivided into two classes, depending on whether the bond length or angle is changing:

Stretching (symmetric and asymmetric)

 Bending (scissoring, rocking, wagging and twisting)

Stretching vibrations: -  In this type of vibrations, the bond length is increased or decreased at regular intervals. There are two types of stretching vibrations. They are, Symmetrical stretching and Asymmetrical training.

(i) Symmetrical stretching: - In this type of stretching, bond length increase or decrease symmetrically.

(ii) Asymmetrical stretching: - In this type of stretching, length of one bond increases and the other one decreases.

(b) Bending vibrations: - In this type of vibrations, a change in bond angle occurs between bonds with a common atom, or there is a movement of a group of atoms with respect to the remainder of the molecule without movement of the atoms in the group with respect to one another. The bending vibrations are also called as deformation vibrations. Deformation vibrations are of two types.  In-plane Bending vibrations and Out of plane Bending vibrations.

(i) In plane bending: - In these types of vibrations, there is a change in bond angle. This type of bending takes place within the same plane. In plane bending are of two types. 

 Scissoring, in which bond angle decreases.


 Rocking, in which the bond angle is maintained but both bonds moves within the same plane.

(ii) Out of plane bending: - This type of bending takes plane outside of the plan of molecule.

                         Wagging, in which both atoms move to one side of the plane.

                         Twisting, in which one atom is above the plane and the other is below the plane.
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Figure Different types of vibrations in a molecule
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