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INFRARED SPECTROMETER 

 Atoms in molecules are continually vibrating.  This vibrational energy is quantized.   When molecules absorb infrared radiation they become hot and the atoms and 
molecules vibrate more vigorously.   Molecules absorb infrared radiation at particular wavelengths depending upon which 
chemical bonds are present in the molecule.  

THE INFRARED (IR) SPECTROMETER 

 

a. Infrared radiation is produced by 
electrically heating a filament 
which is divided by mirrors into 
2 beams, a reference beam and a 
sample beam.  

 

b. In the sampling area, a 
segmented rotating disk allows 
each beam to pass through 
alternately. 

 

c. The reference beam and the 
sample beam are combined into a 
beam of alternating segments.  

 

d. The detector measures the heat 
energy and the recorder records 
the results as a plot of percent 
absorption (or transmittance) as a 
function of wave number (cm-1) 
or wavelength (μm).  
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GENERAL USES OF IR SPECTROSCOPY 
 
• Identification of all types of organic and many types of inorganic compounds 
• Determination of functional groups in organic materials 
• Determination of the molecular composition of surfaces 
• Identification of chromatographic effluents 
• Quantitative determination of compounds in mixtures 
• Nondestructive method 
• Determination of molecular conformation (structural isomers) and stereochemistry (geometrical 
isomers) 
• Determination of molecular orientation (polymers and solutions) 
 

COMMON APPLICATIONS OF IR SPECTROSCOPY 
 
• Identification of compounds by matching spectrum of unknown compound with reference 
spectrum (fingerprinting) 
• Identification of functional groups in unknown substances 248 Handbook of Instrumental 
Techniques for Analytical Chemistry 
• Identification of reaction components and kinetic studies of reactions 
• Identification of molecular orientation in polymer films 
• Detection of molecular impurities or additives present in amounts of 1% and in some cases as 
low as 0.01% 
• Identification of polymers, plastics, and resins 
• Analysis of formulations such as insecticides and copolymers 

APPLICATIONS OF EPR SPECTROSCOPY 

EPR spectroscopy is used in various branches of science, such as chemistry and physics, for the 
detection and identification of free radicals and paramagnetic centers. EPR is a sensitive, specific 
method for studying both radicals formed in chemical reactions and the reactions themselves. For 
example, when frozen water (solid H2O) is decomposed by exposure to high-energy radiation, 
radicals such as H, OH, and HO2 are produced. Such radicals can be identified and studied by 
EPR. Organic and inorganic radicals can be detected in electrochemical systems and in materials 
exposed to UV light. In many cases, the reactions to make the radicals and the subsequent 
reactions of the radicals are of interest, while in other cases EPR is used to provide information 
on a radical's geometry and the orbital of the unpaired electron. 

Medical and biological applications of EPR also exist. Although radicals are very reactive and so 
do not normally occur in high concentrations in biology, special reagents have been developed to 
spin-label molecules of interest. These reagents are particularly useful in biological systems. 
Specially-designed nonreactive radical molecules can attach to specific sites in a biological cell, 
and EPR spectra can then give information on the environment of these so-called spin-label or 
spin-probes. 
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EPR spectroscopy can only be applied to systems in which the balance between radical decay 
and radical formation keeps the free-radicals concentration above the detection limit of the 
spectrometer used. This can be a particularly severe problem in studying reactions in liquids. An 
alternative approach is to slow down reactions by studying samples held at cryogenic 
temperatures, such as 77 K (liquid Nitrogen) or 4.2 K (liquid helium). An example of this work 
is the study of radical reactions in single crystals of amino acids exposed to x-rays, work that 
sometimes leads to activation energies and rate constants for radical reactions. 

The study of radiation-induced free radicals in biological substances (for cancer research) poses 
the additional problem that tissue contains water, and water (due to its electric dipole moment) 
has a strong absorption band in the microwave region used in EPR spectrometers. 

EPR also has been used by archaeologists for the dating of teeth. Radiation damage over long 
periods of time creates free radicals in tooth enamel, which can then be examined by EPR and, 
after proper calibration, dated. Alternatively, material extracted from the teeth of people during 
dental procedures can be used to quantify their cumulative exposure to ionizing radiation. People 
exposed to radiation from the Chernobyl disaster have been examined by this method.  

Radiation-sterilized foods have been examined with EPR spectroscopy, the aim being to develop 
methods to determine if a particular food sample has been irradiated and to what dose. 

APPLICATIONS OF EPR SPECTROSCOPY 

EPR spectroscopy is used to determine the electronic structure of free radicals as well as 
transition-metal and rare-earth ions in a variety of substances, to study interactions between 
molecules, and to measure nuclear spins and magnetic moments. It is applied in the fields of 
physics, chemistry, biology, archeology, geology, and mineralogy. It is also used in the 
investigation of radiation-damaged materials and in radiation dosimetry. 

The basic physics of transition-metal ions and rare-earth ions present in low concentrations in 
diamagnetic host crystals has provided a theoretical basis for how electronic structure is 
modified by the surrounding atoms. Particular applications include probing phase transitions in 
solids and studies of pairs and triads of magnetically interacting ions. 

Applications of EPR in chemistry include characterization of free radicals, studies of organic 
reactions, and investigations of the electronic properties of paramagnetic inorganic molecules. 
Information obtained is used in the investigation of molecular structure. EPR is used widely in 
biology in the study of metal proteins, for nitroxide spin labeling, and in the investigation of 
radicals produced during reaction processes in proteins and other biomacromolecules. EPR has 
proved to be an important technique for interdisciplinary investigations of photosynthetic 
systems. By means of EPR, more than 20 proteins that function in the mitochondrial respiratory 
chains of mammals have been identified, and details regarding their electron transfer processes 
have been elucidated. 
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NMR SPECTROSCOPY 

NMR spectroscopy is a commonly-used technique which provides several types of information. 
It’s used in a wide variety of scientific disciplines for a range of purposes. 

How it Works 

All nuclear magnetic resonance technology, including NMR spectroscopy, is based on two 
physical phenomena: 

 Chemical Shift: all nuclei containing an odd number of protons and neutrons have 
‘spin,’ an intrinsic type of movement (also called resonance). This movement is slightly 
different for different protons in a given molecule, and can change depending on the 
chemical environment.  

 The Zeeman Effect: this is what happens when a spectral line (an emission or absorption 
point in an otherwise uniform spectrum) is split into components while in the presence of 
a magnetic field.  

In NMR spectroscopy, magnetic nuclei are aligned with a constant magnetic field. This 
alignment is then disturbed by applying an alternating magnetic field to the nuclei. Both NMR 
spectroscopy and NMR imaging (often used in medical diagnosis) analyze the response of the 
nuclei to the alternating magnetic field to gather information about the composition of the sample 
under analysis. 

APPLICATIONS OF NMR SPECTROSCOPY 

NMR spectroscopy can provide an enormous amount of information—including physical, 
chemical, structural, and electronic—about samples under analysis. NMR spectroscopy has 
applications in medicine, chemistry and other fields of scientific research, industry, 

Determining molecular structure and conformation of a sample and examining interactions 
between molecules can often only be achieved via NMR spectroscopy in conjunction with mass 
spectroscopy. Very often this type of research is critical to further or complete a given project 
(and determining structure and conformation is also important in obtaining intellectual property 
rights). 

NMR spectroscopy is also vital for studying cell metabolism, due to the fact that metabolism is 
based on interactions between molecules and cells. NMR allows these types of studies to be 
carried out non-invasively, as it can be used to detect the presence of metabolites and chemical 
energy produced by cells. 

Industrial processes such as reaction and process monitoring, and content and purity checks, 
often involve NMR spectroscopy. The specificity of NMR makes it highly suitable for 
monitoring and optimizing dynamic reactions and processes. Content and purity checks use 
NMR spectroscopy to monitor the quality and purity of batches of certain types of manufactured 
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products, and to determine the composition of mixtures. NMR-based monitoring and testing is 
particularly useful because it can be done non-destructively—that is, without destroying the item 
being examined. 

The ability of NMR spectroscopy to provide non-destructive analysis is actually highly useful in 
biological research because samples can be studied for extended periods using NMR, whereas 
biochemical experiments might  

CHEMICAL APPLICATIONS OF NMR 

The versatility of nuclear magnetic resonance (NMR) spectroscopy has made it a widespread 
tool in chemistry for the study of chemical structure. In additional to the one-dimensional NMR 
spectroscopy used to study chemical bonds, two dimensional approaches have been developed 
for the determination of the structure of complex molecules like proteins. Time domain NMR 
spectroscopy is used to study molecular dynamics in solutions. NMR of solid samples can help 
determine molecular structures. There are NMR methods for measuring diffusion coefficients.  

NMR spectroscopy has contributed enormously to chemical knowledge. A wide range of 
techniques has been used with a range of magnetic fields including high-field superconducting 
magnets. NMR frequencies from 60 to 800 MHz have been used for hydrogen’s, compared to the 
range of about 15 to 80 MHz for medical magnetic resonance imaging (MRI).  

One of the major sources of chemical information is the measurement of chemical shifts in high-
resolution NMR spectroscopy. The chemical shifts are a very sensitive probe of the chemical 
environment of the resonating nuclei. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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