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ABSTRACT

Analytical techniques can be used for the purpose of identification of structure and composition of a
chemical compound. Each analytical technique has a different method and mode of detection. An analytical
process can be considered as a generation of information, however, unambiguous true identification especially that
of unknown compound needs a large amount of information. The reason is that the results of the procedure are very
often complex chemical compounds. Their molecules differ between each other in elements and the number of their
atoms, types of chemical bonds, configurations and conformations. The complexity of a molecule increases with
the number and diversity of atoms, bonds, molecular configurations/conformations. Correspondingly, the amount of
information required for the full description of complex molecules and differentiation between them is also
increased. Thus analytical techniques providing more information such as those of molecular spectrometry, are
preferred for identification, other factors being equal. Using proper methods, higher selectivity is achieved, which
also expressed in a larger number of identification points. At the same time, some techniques generating a lot of
information such as emission spectral analysis are not applicable in molecular analysis with its numerous
identification problems.

Spectroscopy studies the light absorbing properties of matter. Since each compound has its unique molecular
or ionic structure, its light absorbing properties will also be unique. A quick method to obtain a lot of information
about a compound’s structure. Sometimes, with sufficient spectroscopic results, the compound’s structure can be
completely determined.
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INTRODUCTION

Ultra Violet (UV): Ultraviolet light is electromagnetic radiation with a wavelength shorter than that of visible light,
but longer than X-rays, in the range 10 nm to 400 nm. It is so named because the spectrum consists of
electromagnetic waves with frequencies higher than those that humans identify as the colour violet. These
wavelengths of light cause electrons to be promoted to higher energy orbitals. Thus, information about a molecule’s
orbitals and bonding can be obtained.

Microwave spectroscopy: Microwaves cause molecules to rotate. In fact, the microwave oven works by causing
the fast rotation of water molecules. This rotational kinetic energy is observed as the heating of the water.

UV Spectroscopy: Instrumentation and Spectra

Instrumentation: The construction of a traditional UV-Visible spectrophotometer requires sample handling,
irradiation, detection and output. Here is a simple schematic that covers most modern UV spectrometers:
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Figure.1.Schematic of UV-Visible spectrophotometer

JCHPS Special Issue 5: 2014www.jchps.com Page 22


http://www.jchps.com/
mailto:alishala2010@gmail.com
http://en.wikipedia.org/wiki/Electromagnetic_radiation
http://en.wikipedia.org/wiki/Wavelength
http://en.wikipedia.org/wiki/Visible_light
http://en.wikipedia.org/wiki/X-ray
http://en.wikipedia.org/wiki/Nanometer
http://en.wikipedia.org/wiki/Human
http://en.wikipedia.org/wiki/Violet_(color)

National Level Workshop on Spectroscopic Techniques in Structural Elucidation
Journal of Chemical and Pharmaceutical Sciences ISSN: 0974-2115

A recent improvement is the diode-array spectrophotometer — here a prism (dispersion device) breaks apart
the full spectrum transmitted through the sample. Each individual band of UV is detected by an individual diodes
on a silicon wafer simultaneously — the obvious limitation is the size of the diode, so some loss of resolution over
traditional instruments is observed.

Sample Handling

1. Virtually all UV spectra are recorded solution-phase

2. Cells can be made of plastic, glass or quartz

3. Only quartz is transparent in the full 200-700 nm range; plastic and glass are only suitable for visible

spectra

4. Concentration is empirically determined. A typical sample cell (commonly called a cuvette)
Infra-red (IR): Infrared light causes the bonds in molecules to vibrate. IR spectroscopy, wavelengths were
measured in microns (u) and frequency was measured in cm™? (called “wave numbers”). Some typical frequencies
in wave numbers for the stretching of common types of bonds are given below:

Alcohols RO-H 3200-3650 cm*
Amines R:N-H 3300-3500 cm™*
Alkanes C-H 2840-3000 cm'*
Alkenes c=C 1620-1680 cm-1

Carbonyl group in aldehydes and C=0 1690-1750 cm*
ketones

Infrared radiation is largely thermal energy. It induces stronger molecular vibrations in covalent bonds,
which can be viewed as springs holding together two masses, or atoms. Specific bonds respond to (absorb) specific
frequencies.
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Figure.2.Vibrational modes

Covalent bonds can vibrate in several modes, including stretching, rocking, and scissoring. The most useful bands
in an infrared spectrum correspond to stretching frequencies, and those will be the ones we’ll focus on.
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Figure.3.Streching in a Covalent bond

Transmission vs. absorption: When a chemical sample is exposed to the action of IR light, it can absorb some
frequencies and transmit the rest. Some of the light can also be reflected back to the source. From all the
frequencies it receives, the chemical sample can absorb (retain) specific frequencies and allow the rest to pass
through it (transmitted light).The detector detects the transmitted frequencies, and by doing so also reveals the
values of the absorbed frequencies.
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Mass spectrometry (MS): Analytical technique that measures the mass-to-charge (m/z) ratio of ions from a sample
and results in a measurement of relative abundance. Mass spectrometry is an indispensable analytical tool in
chemistry, biochemistry, pharmacy, and medicine. No student, researcher or practitioner in these disciplines can
really get along without a substantial knowledge of mass spectrometry. Mass spectrometry is employed to analyse
combinatorial libraries sequence bio-molecules and help explore single cells or other planets. Structure elucidation
of unknowns, environmental and forensic analytics, and quality control of drugs, flavours and polymers: they all
rely to a great extent on mass spectrometry.
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Nuclear Magnetic Resonance (NMR): It is an effect whereby magnetic nuclei in a magnetic field absorb and re-
emit electromagnetic (EM) energy. This energy is at a specific resonance frequency which depends on the strength
of the magnetic field and other factors. This allows the observation of specific quantum mechanical magnetic
properties of an atomic nucleus. Many scientific techniques exploit NMR phenomena to study molecular physics,
crystals and non-crystalline materials through NMR spectroscopy. NMR spectroscopy “observes” nuclei that have
an overall net spin. The concept of the spin in a nucleus is fundamentally the same as the spin of electrons.
Electrons have spins of +% or -% (1 or |); protons and neutrons in the nucleus have analogous spins. NMR was
used as a tool for determining the molecular structures of compounds. Recently, compounds can be tested or
screened for their affinity to a macromolecular target by NMR spectroscopy. The relaxation times of ligands bound
to a macromolecule are shorter than when they are unbound (can’t be detected).In NMR spectroscopy the
compound is radiated with a short pulse of energy which excites the nuclei of specific atoms (H,N,C) afterwards,
the excited nuclei slowly relax back to the ground state giving off energy as they so.

There are, several advantages in using NMR as a detection system: It is possible to screen 1000 small
molecular weight compounds a day with one machine. The method can detect weak binding which would be
missed by conventional screening methods. It can identify the binding of small molecules to different regions of
binding site. The identification of weakly binding molecules allows the possibility of using the mass building
blocks for the construction of larger molecules that bind more strongly. Screening can be done on a new protein
without needing to know its function.

Source of the NMR Signal:
From Quantum Theory: Nuclear Spin (Think Electron Spin)
NMR “active” Nuclear Spin (I) Ya:

IH, 13C, BN, ¥F, 3p =  Biological and chemical relevance
= Odd atomic mass
NMR “inactive” Nuclear Spin (I) = 0
12¢, 160 =  Even atomic mass & number
Quadruple Nuclei Nuclear Spin (1) > ¥:
14N, %H, °B = Even atomic mass & odd number
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CONCLUSIONS

Spectroscopy is a powerful technique to analyse, detect and identify a chemical species at molecular and
atomic level. Techniques such as absorption, IR and fluorescence spectroscopy etc. involve the excitation of a
species from ground state to excited state using light. The amount of light absorbed or emitted will be utilized to
analyse the physical properties of the compound. NMR is one of the most powerful techniques available till date
that can not only identify the structure and composition of the molecule but also detects the environment in which a
functional group is situated. Mass spectrometry is another technique that predicts the mass of the chemical species
(m/z). So, spectroscopy plays a major role not only in the life of a chemist but also a lay man. Hence, educating and
getting educated with these principles is an essential part of life.
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