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TOPIC: INSTRUMENTATION & APPLICATIONS

INSTRUMENTATION

The main parts of IR spectrometer are as follows:-

Radiation source

Sample cell and sampling of substances

Monochromator

 Detectors

 Recorder

(a) IR Radiation Sources:-  
IR instruments require a source of radiant energy which emit IR radiation which must be steady, intense enough for detection and extend over the desired wavelength. Various sources of IR radiations are as follows:-

Nernst glower

Incandescent lamp

Mercury arc

Tungsten lamp

Globar source

Nichrome wire

(b) Sample cells and sampling of substances:-  IR spectroscopy has been used for the characterization of solid, liquid or gas samples.

(i) Solid - various techniques are used for preparing solid samples such as pressed pellet technique, solid run in solution, solid films, mull technique etc.

1) Solid samples: There are several methods by which an IR spectrum of a solid sample can be recorded.

 a) As a pressed disc: The first common method involves the mixing of finely ground solid sample with powdered potassium chloride. A translucent pellet of this powder mixture is formed by pressing it in a mechanical pressure. The main advantage of using KBr is that it does not interfere with the bands due to compound since KBr is transparent to IR radiation 4000-650 cm-1 and thus gives better spectra. The disadvantage of this method is that KBr absorbs water quickly which may interfere with the spectra that is obtained.

 b) As a mull or paste: Finely ground compound is mixed with an oily mulling agent (usually Nujol) using a pestle and mortar. A thin film of the mull is placed between two flat plates of NaCl and the spectrum is measured. The main disadvantages of this method is that nujol has absorption bands at 2924-2860, 1462, 1380 cm-1 , therefore no information about the observed compound can be obtained in this region. 

c) As a film: The third method is to dissolve the soild sample in a suitable, non-hygroscopic solvent usually methylene chloride or carbon tetra chloride. A drop of this solution is deposited on surface of Potassium bromide or Sodium chloride plate. The solution is then evaporated to dryness and the film thus formed on the KBr disc is analysed directly to obtain the IR spectrum. The most important thing is that the film should not be too thick otherwise light cannot pass through it. This method gives good results with dilute solution of the compound in a non-polar solvent.

(ii) Liquid - samples can be held using a liquid sample cell made of alkali halides. Aqueous solvents cannot be used as they will dissolve alkali halides. Only organic solvents like chloroform can be used. 

Liquids are studied neat or in solution. A drop of neat liquid sample or a solution of the sample in an appropriate solvent is placed between two plates of a salt (sodium chloride or potassium bromide) to give a thin film and analysed to obtain the spectrum. The plates are transparent to the infrared light and do not introduce any lines onto the spectra. Salt plates break easily and are water soluble therefore compounds analysed by this method should be free from water. Spectrum obtained by this method is known as neat spectrum since no solvent is used in recording the spectrum.
(iii) Gas - sampling of gas is similar to the sampling of liquids. 

 Gaseous samples: The gas is introduced into a special cell with a long path length and the walls of its both the ends are normally made up of NaCl. Gases have very less densities compared to liquids, and hence path lengths should be correspondingly greater, usually 10 cm or longer. The vapor phase technique is limited because most of the organic compounds have too low vapor pressure to produce a useful absorption spectrum.
(c) Monochromator:- Various types of monochromators are prism, gratings and filters. Prisms are made of Potassium bromide, Sodium chloride or Cesium iodide. Filters are made up of Lithium Fluoride and Diffraction gratings are made up of alkali halides.

(d) Detectors:- Detectors are used to measure the intensity of unabsorbed infrared radiation. Detectors like thermocouples, bolometers, thermisters, golay cell, and pyro-electric detectors are used. 

(i) Thermal detectors:- Thermal detectors can be used over a wide range of wavelengths and they operate at room temperature. Their main disadvantages are slow response time and lower sensitivity relative to other types of detectors.

(ii) Thermocouple:-  A thermocouple consists of a pair of junctions of different metals; for example, two pieces of bismuth fused to either end of a piece of antimony. The potential difference (voltage) between the junctions changes according to the difference in temperature between the junctions. Several thermocouples connected in series are called a thermopile.

(iii) Bolometer:-  A bolometer functions by changing resistance when heated. It is constructed of strips of metals such as platinum or nickel or from a semiconductor. 

(iv) Pyroelectric detectors:-  Pyroelectric detectors consists of a pyroelectric material which is an insulator with special thermal and electric properties. Triglycine sulphate is the most common material for pyroelectric infrared detectors. Unlike other thermal detectors the pyroelectric effect depends on the rate of change of the detector temperature rather than on the temperature itself. This allows the pyroelectric detector to operate with a much faster response time and makes these detectors the choice for Fourier transform spectrometers where rapid response is essential. 

(v) Photoconductive detectors:- Photoconductive detectors are the most sensitive detectors. They rely on interactions between photons and a semiconductor. The detector consists of a thin film of a semiconductor material such as lead sulphide, mercury cadmium telluride or indium antimonide deposited on a non conducting glass surface and sealed into an evacuated envelope to protect the semiconductor from the atmosphere. The lead sulphide detector is used for the near-infrared region of the spectrum. For mid- and far-infrared radiation the mercury cadmium telluride detector is used. It must be cooled with liquid nitrogen to minimize disturbances.

(e) Recorders: -   Recorders are used to record the IR spectrum.
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Figure 3.1  IR spectrophotometer

APPLICATIONS

Infrared spectroscopy is widely used in industry as well as in research. It is a simple and reliable technique for measurement, quality control and dynamic measurement. It is also employed in forensic analysis in civil and criminal analysis. 
Some of the major applications of IR spectroscopy are as follows:-

(a) Identification of functional group and structure elucidation 

Entire IR region is divided into group frequency region and fingerprint region. Range of group frequency is 3000-12000 cm-1 while that of finger print region is 12000-300 cm-1.  In group frequency region, the peaks corresponding to different functional groups can be observed. According to corresponding peaks, functional group can be determined.

Each atom of the molecule is connected by bond and each bond requires different IR region so characteristic peaks are observed. This region of IR spectrum is called as finger print region of the molecule. It can be determined by characteristic peaks.

(b) Identification of substances
IR spectroscopy is used to establish whether a given sample of an organic substance is identical with another or not. This is because large number of absorption bands is observed in the IR spectra of organic molecules and the probability that any two compounds will produce identical spectra is almost zero. So if two compounds have identical IR spectra then both of them must be samples of the same substances. IR spectra of two enantiomeric compound are identical. So IR spectroscopy fails to distinguish between enantiomers. For example, an IR spectrum of benzaldehyde is observed as follows:-

C-H stretching of aromatic ring

-   3080 cm-1
C-H stretching of aldehyde


-   2860 cm-1 and 2720 cm-1
C=O stretching of an aromatic aldehyde
-   1700 cm-1
C=C stretching of an aromatic ring

-   120920 cm-1
C-H bending




-   7320 cm-1 and 6820 cm-1
No other compound then benzaldehyde produces same IR spectra as shown above. 

(c) Studying the progress of the reaction 

Progress of chemical reaction can be determined by examining the small portion of the reaction mixture withdrawn from time to time. The rate of disappearance of a characteristic absorption band of the reactant group and/or the rate of appearance of the characteristic absorption band of the product group due to formation of product is observed. 

(d) Detection of impurities 
IR spectrum of the test sample to be determined is compared with the standard compound. If any additional peaks are observed in the IR spectrum, then it is due to impurities present in the compound.

(e) Quantitative analysis
The quantity of the substance can be determined either in pure form or as a mixture of two or more compounds. In this, characteristic peak corresponding to the drug substance is chosen and log I0/It of peaks for standard and test sample is compared. This is called base line technique to determine the quantity of the substance.
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