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Abstract 

This chapter presents an overview of the various principles and instrumentation techniques, 
which are used to characterize the organic compounds in the present work. Spectroscopy is a 
powerful technique to study the structure of crystalline, organic and inorganic material. 
Spectroscopic methods are widely used for qualitative and quantitative analyses of chemical 
compounds. The advent of sophisticated spectrophotometers and the developments in analyzing 
the sample of a material and the impurity levels present in it. This chapter encompasses a 
detailed view of theoretical aspects, instrumentation techniques of the two major spectroscopic 
methods such as FTIR and UV-visible spectroscopies. 

Introduction 

                     Spectroscopy is the branch of science dealing with the study of interaction of 
electromagnetic radiation with matter. The most important consequences of such interaction is  
that energy absorbed or emitted by the matter in discrete amounts called quanta. When the 
measurements of radiation frequency is done experimentally, it gives a value for the change of 
energy involved and from this one may draw the conclusion about the set of possible discrete 
energy levels of the matter. The ways in which the measurements of radiation frequency (emitted 
or absorbed) are made experimentally and the levels deduced from these comprise the practice of 
spectroscopy. 

Fourier transform infrared spectroscopy 

Fourier transform infrared spectroscopy (FTIR) is a simple mathematical technique to resolve a 
complex wave into its frequency components. The conventional IR spectrometers are not of 
much use foe the far IR region as the source of weak and the detectors are insensitive. FTIR has 
made this energy limited region more accessible. It has also made the mid infrared (400-4000 
cm-1) more useful. Conventional spectroscopy, called the frequency domain spectroscopy, 
record the radiant power as the function of frequency. In the time domain spectroscopy the 
changes in radiant power is recorded as the function of time. In the Fourier transform 
spectrometer a time domain plot is converted into a frequency domain spectrum. The actual 
calculation of the Fourier transform of such system is done by means of high speed computers 

Description of ABB BOMEM MB series 

           The spectrometer consists of an infrared source, a sample chamber with a provision for 
holding solids, liquids, and gases, monochromator, a detector and a recorder, which are 
integrated with a computer. At present all commercially available infrared spectrophotometers 
employ reflection gratings rather than prisms as dispersing elements. Interferometer multiplex 
instruments employing the Fourier transform are now finding more general applications for both 
qualitative and quantitative infrared measurements.  

Suraj Punj Journal For Multidisciplinary Research

Volume 8, Issue 2, 2018

ISSN NO: 2394-2886

Page No: 822



 

Model of  abb bomem mb series FTIR spectrometer 

The model of ABB BOMEM MB SERIES Spectrometer is shown  

The interference pattern is obtained from a two beam interferometer, as the path difference 
between the two beams is altered then Fourier transformed, gives rise to the spectrum. The 
transformation of the interferogram into the spectrum is carried out mathematically with a 
dedicated online computer. The spectrometer consists of a globar and mercury vapour lamp as 
sources, an interferometer chamber comprising of KBr and mylar beam splitter is followed by a 
sample chamber and detector. This instrument covers the entire range of 10 – 10000 cm-1. The 
spectrometer works under vacuum condition. Solid samples are dispersed in KBr or polyethylene 
pellets depending on the region of interest. This instrument has of resolution of 0.1 cm-1 signal 
averaging, signal enhancement, baseline correction and the other spectra manipulations are 
possible with multitasking OPUS software on the dedicated PC/AT 486. Spectra are plotted on a 
HP plotter and data can be printed. 

Sample handling techniques 

                Recording of IR spectra of a solid sample is more difficult because the particles reflect 
and scatter incident radiation and therefore transmittance is always low. Three different 
techniques are employed commonly in recording such spectra.             

Mulling Technique: 

          A small amount of the sample is ground in an agate  or  mullite mortar. Then a drop of 
paraffin oil, usually nujol is added and the grinding continued till the mixture attains the 
consistency of a thin paste. It is transferred to an infrared window is lowered onto it. A thick film 
free of air bubbles should be produced. The two plates with a mull between are placed in a cell 
holder and the spectrum is recorded. There will be a strong bands at 2900, 1470 and 1370 cm-1 
and a weak band at 720 cm-1 due to nujol If the nujol bands are stronger than the peaks from the 
sample, than more samples and less nujol must be ground. When the region near 2900 cm-1 is 
important other mulling materials such as Fluorolube or Hexachlorobutanide must be used. 
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Pressed – Pellet Technique: 

           For solid compounds that are insoluble in the usual solvents, a convenient sampling 
method is the pressed – pellet techniques. A few milligrams of the sample are grind together in 
an agate or mullite mortar with about 100 times the quantity of material( the matrix), transparent 
to the infrared. The usual material is KBr, although other compounds such as Csi, TiBr and 
polyethylene are used in special circumstances. The ground powder is finally introduced into a 
mini press made from two half inch diameter stainless steel bolts and a stainless steel nut. The 
ends of the bolts must be polished flat and parallel. One bolt is inserted about half way into the 
nut and the KBr plus sample mixture, added. The second bolt is then screwed into the nut and 
pressure applied by tightening the bolts together. When the bolts are carefully withdrawn a pellet 
suitable for infrared transmission work remains. The pellet is not removed from the nut, which 
act as holder in the spectrometer  

Liquids and Solutions:  

        Probably the easiest method to obtain a qualitative infrared spectrum of a liquid is to place 
one drop of the liquid onto a disc of NaCl, KBr, etc., cover the drop with a second disc and 
mount the pair in a holder. Teflon spacers may be used to give various path lengths. 
Alternatively liquid samples can be run either as the pure liquid if a cell of suitable thickness is 
available (0.02 mm) or a solution in a longer cell if a suitable solvent can be found. The best 
solvents for infrared use are non-polar, non-hydrogen liquid such as CS2 or CCl4 . 

UV - Visible spectroscopy 

                      UV-Visible spectrum is due to the absorption of electromagnetic radiation by 
organic compounds having valence electrons that can be excited to higher energy levels. The 
wavelength of the absorption peaks can be correlated with the type of bonds that exist in the 
compound under investigating, as the spectra is an outcome of excitation of bonding electrons. 
The molecular orbital that are associated with single bonds in organic molecules are designated 
as σ orbital. The molecules with double bonds contain two molecular orbits, the σ and п orbitals 
corresponding to each pair of bonding electrons. In addition to the σ and п electrons many 
organic compounds also possess non- bonding electrons. These unshared electrons are 
represented by the symbol N. There are four different types of electronic transitions possible in 
the UV region. They are: σ –σ*, n-n*, n- п*, п-п*. The first mentioned transitions between the 
σ‘s are never observed as high energy is involved and does not occur in the UV-visible region. 
The absorption maxima of the n- σ* tend to shift towards the shorter wavelengths and the 
functional groups (3) with the peaks in the UV region are relatively small. Most of the organic 
compounds show absorption peaks in the regions 200 – 700 nm.The schematic diagram of the 
UV- visible spectropohoto meter is shown in Fig 1            
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Fig 1  The schematic diagram of the UV- visible Spectrophotometer 

 

Fig 1(b) The  Model of SHIMADZU UV-Visible spectrophotometer 

Instrumentation 

 The source of electromagnetic radiation in an UV-Visible spectrophotometer is a tungsten, 
mercury arc, hydrogen, Xenon or deuterium lamp. The multichrome light is separated into its 
component wavelengths using monochromators like prism or plane reflection gratings. The light 
from the monochromator enters the photometer where it strikes the rotary chopper disc and 
rotary semi circular mirror as it finally steps into the photomultiplier.  At the monochromators 
after beam splitting, one beam transverse through the sample cell and the other through the 
reference cell. The model of SHIMADZU UV-Visible spectrophotometer is depicted in Fig 1 
(b). The sample holders are the rectangular shaped Quartz or glass cells of about 10 mm path 
length. The transmitted light is received as the photomultiplier tube alternatively from the 
reference and the sample beams. The photoelectric signal timing system is synchronized with the 
alternate pulse which permits the comparison of signals from the two beams. The difference 
between the two signals is recorded with the help of a motor driven pen or is interfaced with the 
PC-XT and stored there for easy reference. Samples in solid form, powder, pellets are usually 
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dissolved in suitable solvents to form the contents of the sample cell and the solvents are taken in 
the reference cell. 

Conculsion 

Spectroscopic methods are widely used for qualitative and quantitative analyses of chemical 
compounds. The advent of sophisticated spectrophotometers and the developments in analyzing 
the sample of a material and the impurity levels present in it. This chapter encompasses a 
detailed view of theoretical aspects, instrumentation techniques of the two major spectroscopic 
methods such as FTIR and UV-visible spectroscopies. 
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