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ABSTRACT: The increasing demand for product quality improvement and production rationalization in the chemical, 

petrochemical, polymer, pharmaceutical, cosmetic, food, and agricultural industries has induced a significant 

renaissance of the vibrational spectroscopic techniques of Raman, infrared (IR), and near-infrared (NIR) spectroscopy. 

This trend has partly led to the gradual substitution of time consuming conservative analytical techniques (gas 

chromatography (GC), high-performance liquid chromatography (HPLC), nuclear magnetic resonance (NMR), and 

mass spectroscopy (MS)) and nonspecific control procedures (temperature, pressure, pH, and dosing weight) by the 

more specific and environmentally compatible analytical tools of vibrational spectroscopy. Thus, infrared (IR), NIR, 

and Raman spectroscopy have emerged over the last decade – in combination with imaging accessories, light-fiber 

optics, new in-line and on-line probes, and chemometric evaluation procedures – as extremely powerful methods for 

industrial research, quality control, and process monitoring. Specifically, the NIR wavelength gap between the visible 

and the IR region, which has over a long period been lying idle, has eventually also been filled with life and is now 

used according to its real potential. 

 

Synthetic polymers have become an integral part of our everyday life and this article will demonstrate that the 

vibrational spectroscopic techniques are extremely important characterization and control tools for the whole life cycle 

of a polymeric product. Although some theoretical, instrumental, and experimental background of vibrational 

spectroscopy will be provided, the ultimate source for a complete coverage of these topics is certainly the Handbook of 

Vibrational Spectroscopy and a more recent polymer-dedicated offspring.1,2 The principal aim of this article is to 

demonstrate to the reader with the help of selected examples the broad range of applicability of the three techniques and 

encourage him to fully exploit their potential for the characterization of the chemical and physical properties of 

polymers. The main focus is the comparative treatment of the three vibrational spectroscopic techniques in such a 

manner that the reader can form his opinion on the pros and cons for the discussed applications and transfer these 

conclusions to his own field of activity. The technique of far-infrared (FIR) spectroscopy,3,4 which is now better 

known and mainly operated as terahertz (THz) spectroscopy,5 is much less frequently used for the characterization of 

polymers and will, therefore, be discussed only briefly.It has to be emphasized, however, that despite the uncontested 

importance of the vibrational spectroscopies for the characterization of macromolecular structure, only a limited 

number of problems may be solved by the exclusive application of these techniques. Thus, in the majority of analytical 

investigations of polymer constitution and any additives, chemical separation of the components is inevitable; a more 

complete picture of the sequence distribution and stereoregularity of structural units in polymers is obtained only in 

combination with NMR spectroscopy; the results of vibrational spectroscopic investigations of polymers at elevated 

temperatures are advantageously correlated with differential scanning calorimetry (DSC) and last but not least, a 

thorough knowledge of the structure of crystalline polymers cannot be attained without application of X-ray diffraction. 

These few, far from comprehensive, examples demonstrate that maximum information on the structural details in 

question can be obtained only by an appropriate choice and combination of chemical and physical methods. 
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I. INTRODUCTION 

Vibrational spectroscopy is concerned with the transitions due to absorption or emission of electromagnetic radiation. 

These transitions appear in the range of 102 to 104 cm−1 and originate from the vibration of nuclei constituting the 
molecules. A chemical bond in a molecule can vibrate in many ways, and each vibration is called vibrational mode. 

There are two types of molecular vibrations, stretching and bending. A stretching vibration is characterized by 

movement along the bond axis [1,2]with increasing or decreasing of the interatomic distances, whereas a bending 

vibration consists of a change in bond angles with respect to the remainder of the molecule. The two widely used 

spectroscopic techniques based on vibrational energy are the Raman spectroscopy and the infrared spectroscopy. Both 
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methods give complementary information and are based on the fact that within any molecules the atoms vibrate with a 

few definite sharply defined frequency characteristics of that molecule. When a sample is eradiated to a beam of 

incident radiation, it absorbs energy at frequencies characteristic to that of the frequency of the vibration of chemical 

bonds present in the molecules. This absorption of energy by vibrating chemical bond results in an Infrared spectrum. 

Raman spectroscopy is a scattering phenomenon, and arises due to the difference between the incident and scattered 

radiation frequencies. It utilizes scattered light to gain knowledge about molecular vibration, which can provide 

information regarding the structure, symmetry, electronic environment, and bonding of the molecule.[3,4] 

Vibrational spectroscopy had been widely used in both academia and industry as an important tool in the structural 

characterization of compounds and analysis of impurities. In particular infrared spectroscopy in this field shows 

remarkable progress. One of the great advantages of Fourier transform infrared (FTIR) for natural products analysis 

over other techniques is that spectra can be obtained from almost any environment and from relatively small quantities 

of samples. Moreover, infrared (IR) techniques, when coupled with intensity measurement, may be used both for 

qualitative and quantitative analysis [1]. With the introduction of FTIR spectrometers and lasers as the source for 

recording the Raman spectra, vibrational spectroscopy has become an effective tool for the elucidation of molecular 

structure. IR spectroscopic techniques such as ATR[5,6] (attenuated total reflectance) provide convenient measurement 

of most liquid samples such as edible oil and plant extract in routine use. Thus, there is no excessive sample 

preparation, so the use of hazardous solvents and reagents can be avoided [2]. For this reason, FTIR spectroscopy and 

other vibrational spectroscopic techniques can be taken into consideration as a “green analytical technique” for the 

analysis of edible fats and oils [3]. Discovery of FTIR and Raman spectroscopy techniques with recent innovations in 

Raman spectroscopy with laser as the source of light[7,8] and the availability of a fluorosence free Raman spectra has 

renaissance the application of vibrational spectroscopy in various fields at a remarkable level [4]. 

Vibrational spectroscopy has advantages over the widely used NMR spectroscopy techniques in many aspects such as 

short analysis time, less quantity requirement, and the possibility for situ analysis of biological samples and 

nondestructive analysis mode. Although it gives less information on the exact chemical structure of the molecule, this 

technique is an indispensible and widely used fast analytical process and can be used as a fingerprint for identification 

and comparison of compounds [5], which allows this method to be used not only in structure characterization but also 

in other fields such as quality control in food industries [6] and forensic sciences [7]. In subsequent sections of the 

chapter, we will review the basic principles of vibrational spectroscopy and their applications in the structure 

characterization of compounds, particularly with reference to the biologically significant compounds.[9,10] 

Vibrational spectroscopy is a technique that results from the vibrational motions of molecules and can be used to 

determine molecular structure and to report on local environments, including solvation effects, ion pairing, 

intermolecular interaction strengths, and ion–molecule binding, to name a few applications. Molecular vibrations are 

highly sensitive to environment, intermolecular forces, temperature, and local electric fields exerted by adjacent 

ions.One can theoretically use vibrational spectroscopy to identify molecules in complex mixtures. However, a second 

complementary experimental method is most often needed in such highly complex mixtures. [11,12]Nevertheless, 

molecular moieties such as nitrates and sulfates present highly distinctive vibrations and can be identified using 

vibrational spectroscopic methods. Because molecular vibrational spectral features are so highly sensitive to 

environment and to adjacent atoms and their arrangements within the molecule, their spectrally observed frequencies 

and intensities can vary, sometimes by more than 100 cm−1. To this point, in an aqueous solution, this sensitivity to 
local environment can simplify assignment of specific molecular vibrations within the spectrum. In two- or three-

component gas and liquid mixtures, identification of compounds having low atomic complexity can be easily 

ascertained, and this is commonly done for laboratory kinetic and reaction rate constant measurements.[13,14] 

Interestingly, the sensitivity of molecular vibrations to intra- and intermolecular forces provides a versatile means to 

interpret organization of the molecule in its local environment. Frequency shifts reveal strengthening or weakening of 

the bond (i.e., the energies of molecular orbitals). Intensity changes reveal the bond response of the molecule to the 

incident electric field and are denoted as the transition moment strength. The combination of frequency shifting with 

intensity changes sometimes presents great challenges to deconvolute these contributions to the spectrum. Thus, 

theoretical support is quite often an important aspect of deciphering complexities of the spectrum itself. This provides a 

great collaborative opportunity for both the experimentalist and theorist. Yet, through a methodical series of control 

experiments, it is quite often possible to delineate spectral features to then provide decisive information about the 

molecular organization and local environment.[15,16] 
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Vibrational spectroscopy experimental techniques are not generally touted for their low detection limits, typically in the 

mM range. However, surface-selective methods can detect even submonolayer coverage of surfaces, and many times 

with ease due to the inherent capabilities of certain spectroscopic techniques, particularly nonlinear spectroscopic 

methods such as sum-frequency generation (SFG).6 In addition, surface enhancement on electron-rich solids can be 

attained by use of surface plasmon enhancement techniques, for example, the use of metallic thin films/structures in 

surface-enhanced Raman spectroscopy.[17,18] 

Vibrational spectroscopy continues to be an important tool for qualitative and quantitative measurements, for example, 

to assess intermediates in chemical reactions of aqueous phases, to understand solvation and ion pairing, and to monitor 

reaction kinetics. With respect to atmospherically related systems, water as the solvent medium and hydration at 

interfaces have been studied extensively. Vibrational spectroscopy is an important tool being utilized increasingly in 

the field where robust field-tested Raman and infrared (IR) instruments are commonly used to identify chemical 

speciation and intermolecular interactions in laboratory studies. Additionally, laboratory studies of field-collected 

samples have been explored.7 This chapter focuses on interfacial spectroscopic methods and the application of both IR 

and spontaneous Raman for interrogation of interfaces, specifically in the context of aqueous surfaces.[19,20] 

Vibrational spectroscopy is a valuable tool for the elucidation of molecular structure. The transitions between 

vibrational states of a molecule are observed experimentally via infrared and Raman spectroscopy. These techniques 

can be used to determine a molecule's structure and environment since these factors affect the vibrational frequencies. 

[21,22] 

 

Fig. In situ infrared spectra measured during the progress of a copolymerization reaction using a fibreoptic 
probe. 

Vibrational spectroscopy provides important information about the nature of chemical bond, intramolecular forces 

acting between the atoms in a molecule, and intermolecular forces in condensed phase. In order to gain such useful 

information, it is necessary to assign vibrational motion corresponding to each peak in the spectrum. This assignment 

can be quite difficult due to the large number of closely spaced peaks even in fairly simple molecules. In order to aid in 

this assignment, computer simulations are used to calculate the vibrational frequencies of molecules. Ever since Pulay 

and collaborators popularized the calculation of molecular force fields in the 1970s, there has been considerable[23,24] 

interest among theoretical chemists to determine ever more accurate force fields for the prediction of rotational–
vibrational spectra, the evaluation of vibrationally averaged properties and thermodynamic functions, the determination 

of many-body potentials, and for other purposes. As for the prediction of vibrational spectra of large molecules, the use 
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of HF ab initio or DFT methods for determining whole or partial force fields has also benefitted greatly from the 

advances made in quantum chemical methodology. The rapidly growing impact that computational studies are having 

in this important area of research is amply demonstrated by the different types of systems under investigation, ranging 

from small molecules to polymeric systems and liquid crystals.[25,26] 

II. DISCUSSION 

Raman spectroscopy in conjunction with infra red spectroscopy and other physical techniques such as D.S.C and X-ray 

diffraction has been used to study the structure of organic compounds and polymers. Characteristic Raman frequencies 

have been deduced for a variety of molecular backbones and groups belonging to substituted benzenes. These have been 

shown to be particularly useful where polar substituents such as carbonyl and nitro groups are involved. Nevertheless, the 

joint use of Raman and IR frequencies usually provides much more information than either Raman or IR. Considerable 

expertise has been developed in the synthesis of a large number of polymers and their subsequent handling and 

processing.[27,28] The observation of correlation band splitting and longitudinal acoustic modes which occur at very low 

frequencies in the Raman spectrum have been particularly emphasised because of their significance to the interpretation of 

polymer structure. Conclusions reached from the analysis of vibrational spectra of polyethers and polythioethers of the 

frequencies f(CH2) -lj- (m = 1-6,10; Y = 0 or S), may be summarised as follows: M nA careful analysis of the molecular 

vibrations of these polymers has been carried out before looking for correlation band splitting in their spectra. 

Assignments for the observed bands have been made on the basis of reported calculations or on tentative basis. Correlation 

band splitting has been observed in the spectra of polyethylene oxide, polydecamethylene oxide and polythicethers with in 

= 2-6 and 10.[29,30] It has been shown, however, that its occurrence in Lhe spectra of polydecamethylene oxide and 

polythioethers with m > 4 is dependent upon the mode of crystallization and annealing. These observations have been 

applied to deduce molecular and crystal structures of these polymers. The longitudinal acoustic nodes observed at very 

low frequencies in the Raman spectra of polyethers with in = 4, G6 and 10 and polythioethers (with in 2-6 and 10) indicate 

that the crystallization of these polymers is predominantly lamellar. Crystallization from solution result in very thin 

lamellae which thicken on annealing just below T M* Melt crystallization, however, gives rise to well developed lamellae 

which thicken further on annealing. Although the application of Raman technique to this field is limited because of 

experimental difficulties, it offers a number of advantages over other techniques such as low angle X-ray diffraction 

electron microscopy etc. It is concluded that Raman spectroscopy is a powerful analytical technique which when applied 

in conjunction with other techniques, yields very much valuable information about the structure of organic compounds and 

polymers.[31] 

Until the mid-20th century, most organic compounds were distinguished from one another largely on the basis of 

simple physical and chemical properties. Knowledge of these properties, however, yields only superficial clues about a 

compound’s molecular structure, and the determination of that structure was a complicated process (for large molecules 

at least) that involved careful analysis of several reaction pathways. Chemists had no way to see what molecules looked 

like, because molecules are so small that no device such as a microscope could be developed that would give a 

complete image of a molecular structure. One technique, X-ray crystallography, can give precise structural data for 

some molecules, but only those that can be obtained in solid, crystalline form. Normally, a full X-ray structure 

determination is a costly, time-consuming endeavour that is applied to only the most puzzling 

structures. Sufficient information to decipher a molecule’s structure is much more easily obtained by the use of one or 

more spectroscopic techniques.[32] 

Spectroscopy is a general term used for the instrumental processes by which information about molecular structure is 

obtained through careful analysis of the absorption, scattering, or emission of electromagnetic radiation by compounds. 

Electromagnetic radiation is the continuous spectrum of energy-bearing waves ranging from extremely short waves, 

such as high-energy X-rays (with wavelengths of about 10 nanometres [nm]), to very long, low-energy waves such as 

radio waves (with wavelengths of one metre [m] or more). Visible light, for example, is the range of electromagnetic 

radiation detectable by human vision, with wavelengths of roughly 400 to 700 nm. Objects appear coloured when they 

absorb visible light of certain wavelengths, and those absorbed wavelengths are consequently absent from light that 

passes from the coloured object to the eyes.[33] 

Molecules are able to absorb light of certain wavelengths because the energy content of the absorbed light is the precise 

value needed to cause a molecule to be excited from one energy state to a higher one. The myriad energy levels in a 

molecule are said to be quantized because each one differs from another by a discrete, measurable energy value, just as 

each step in a stairway is a fixed height above, or below, all others. Thus, by measuring the wavelengths of the 
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electromagnetic radiation absorbed by a molecule, it is possible to gain information about the various energy levels 

within it. This information can then be correlated with specific details of molecular structure. Instruments called 

spectrometers measure the wavelengths of light that are absorbed by molecules in various regions of the 

electromagnetic spectrum. The most important spectroscopic techniques for structure determination are ultraviolet and 

visible spectroscopy, infrared spectroscopy, and nuclear magnetic resonance spectroscopy. A fourth technique, 

termed mass spectrometry, does not depend on absorption of electromagnetic radiation, but it is valuable for the 

information it provides about the number and type of atoms present in a molecule.[34,35] 

Most organic compounds are transparent to the relatively high-energy radiation that constitutes the ultraviolet (200–400 

nm) and visible (400–700 nm) portion of the electromagnetic spectrum, and consequently they appear colourless in 

solution. This is because the electrons in the σ bonds of organic molecules require wavelengths of even higher energy 

(such as those of X-rays) to excite them to the next higher accessible energy level. Electrons in π bonds, however, can 

be promoted to higher energy levels by ultraviolet and visible light, and UV-visible spectroscopy consequently 

provides useful structural information for molecules that contain π bonds. When multiple π bonds are separated from 
each other by intervening single bonds, they are said to be conjugated. The UV-visible spectrum of a molecule is 

dramatically affected by the presence of conjugation. As the number of conjugated π bonds increases, the UV-visible 

spectrum shows light absorption at a greater number of different wavelengths (i.e., the spectrum contains more 

absorption peaks), and light of longer wavelengths (and lower energy) is absorbed. The many individual peaks of UV-

visible spectra normally coalesce to produce a continuous absorption spectrum, with some of the strongest individual 

absorption peaks appearing as sharp spikes. For example, the UV-visible spectrum of azulene, a molecule that contains 

five conjugated π bonds, shows a strong absorbance in the visible region of the electromagnetic spectrum, which 

correlates with its intense blue colour.[36,37] 

Naturally occurring organic compounds that are highly coloured contain an extensive system of conjugated π bonds. 
The compound largely responsible for the bright orange colour of carrots, β-carotene, contains 11 conjugated π bonds. 
UV-visible spectroscopy is especially informative for molecules that contain conjugated π bonds. In organic 

compounds, atoms are said to be bonded to each other through a σ bond when the two bonded atoms are held together 

by mutual attraction for the shared electron pair that lies between them. The two atoms do not remain static at a fixed 

distance from one another, however. They are free to vibrate back and forth about an average separation distance 

known as the average bond length. These movements are termed stretching vibrations. In addition, the 

bond axis (defined as the line directly joining two bonded atoms) of one bond may rock back and forth within the plane 

it shares with another bond or bend back and forth outside that plane. These movements are called bending vibrations. 

Both stretching and bending vibrations represent different energy levels of a molecule. These energy differences match 

the energies of wavelengths in the infrared region of the electromagnetic spectrum—i.e., those ranging from 2.5 to 15 

micrometres (μm; 1 μm = 10−6
m). An infrared spectrophotometer is an instrument that passes infrared light through an 

organic molecule and produces a spectrum that contains a plot of the amount of light transmitted on the vertical axis 

against the wavelength of infrared radiation on the horizontal axis. In infrared spectra the absorption peaks point 

downward because the vertical axis is the percent transmittance of the radiation through the sample. Absorption of 

radiation lowers the percent transmittance value. Since all bonds in an organic molecule interact with infrared radiation, 

IR spectra provide a great deal of structural data.[38,39] 

 

III. RESULTS 
 

The stretching vibrations of strong carbon-hydrogen bonds cause the absorptions around 3.4 μm, with the sharp peak at 
3.2 μm due to the hydrogen atom on the carbon-carbon double bond. The many bending vibrations of carbon-hydrogen 

bonds cause the complicated absorption pattern ranging from about 7 to 25 μm. This area of IR spectra is called 
the fingerprint region, because the absorption pattern is highly complex but unique to each organic structure. The 

stretching vibrations for both the carbon-carbon and carbon-oxygen double bonds are easily identified at 6.1 and 5.8 

μm, respectively. Most of the functional groups have characteristic IR absorptions similar to those for carbon-oxygen 

and carbon-carbon double bonds. Infrared spectroscopy is therefore extremely useful for determining the types of 

functional groups present in organic molecules. 

Absorption of long-wavelength (1–5 m) low-energy radiation in the radio-frequency region of the electromagnetic 

spectrum is due to the atomic nuclei in a molecule. Many (but not all) atomic nuclei have a small magnetic field, which 

makes them behave somewhat like tiny bar magnets. When placed in a strong external magnetic field, such nuclei can 

assume different energy states; in the simplest case, two energy states are possible. In the lower energy state, the 

magnetic field of the nucleus is aligned with the external magnetic field, and, in the higher energy state, it is aligned 
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against the field. The energy difference between the two levels depends on the strength of the external magnetic field. 

In modern NMR spectrometers, organic compounds are placed in magnetic fields ranging from about 1.4 to 

18.0 teslas (T) and are irradiated with radio-frequency waves. For comparison,[40,41] the Earth’s magnetic field is 

about 0.00007 T. At a magnetic-field strength of 1.4 T, the energy difference between the lower and higher energy 

states of a 
1
H proton nucleus is only 0.024 J mol-1. Electromagnetic radiation with a frequency of about 60 megahertz 

(MHz) can supply the energy needed to convert the lower energy state to the higher one. The energy difference 

between the magnetic energy levels of a nucleus is measured as an absorption peak, or a resonance. Because the energy 

of the absorbed radiation depends on the environment around the absorbing nucleus in a molecule, NMR spectroscopy 

provides the most structural information of all the spectroscopic techniques used in chemistry. Especially valuable 

are proton magnetic resonance spectroscopy, which measures the resonances due to energy absorption by hydrogen 

atoms in organic compounds, and carbon-13 magnetic resonance spectroscopy, which yields the resonances due to 

absorption by atoms of carbon-13 (
13

C), a naturally occurring isotope of carbon that contains six protons and 

seven neutrons. 

Proton NMR spectra yield a great deal of information about molecular structure because most organic molecules 

contain many hydrogen atoms, and the hydrogen atoms absorb energy of different wavelengths depending on their 

bonding environment.[41] 

NMR absorbances appear in a spectrum as a series of sharp spikes or peaks. Although there is no vertical scale on the 

spectrum, the relative height of each peak corresponds roughly to the strength of the absorption. The horizontal scale 

does not show proton resonances in simple wavelength units. Instead, the position of each peak is normally measured 

relative to the absorption of the protons in the compound tetramethylsilane, (CH3)4Si. Tetramethylsilane is an 

inert liquid added in small amounts to the compound being analyzed. All 12 of its hydrogen atoms absorb at the same 

position to give a single sharp peak, which is arbitrarily assigned a positional value of zero. This peak is then used as a 

reference point for all other peaks in the spectrum. The hydrogen atoms in the molecule being analyzed generally 

appear to the left of the reference peak because they absorb radiation of higher energy than the hydrogens of 

tetramethylsilane. 

The distance of the proton absorptions from the reference peak is given by a number called the chemical shift. Each 

unit of chemical shift represents a fractional increase of one part per million (ppm) in the energy of absorbed radiation, 

relative to the value for tetramethylsilane. For example, in the proton NMR spectrum of bromoethane, the hydrogen 

atoms of the CH3 group appear at about 1.6 ppm and the hydrogens of the CH2 group at about 3.3 ppm. Atoms in a 

molecule have different chemical shifts because they experience slightly different local magnetic fields owing to the 

presence of nearby electrons. Electrons generate a magnetic field of their own, which reduces the magnitude of the 

total field at the nucleus. Nuclei that are surrounded by regions of high electron density, such as the hydrogen atoms of 

tetramethylsilane, are said to be shielded from the applied field of the instrument’s magnet. The 

electronegative bromine atom in bromoethane pulls electrons away from the carbon and hydrogen atoms. The 

CH2 hydrogens are more strongly affected than the CH3 hydrogens and thus have a greater chemical shift, because they 

are closer to the bromine atom. All three hydrogens on the CH3 group are exposed to the same local magnetic field and 

consequently have the same chemical shift. Such hydrogens are said to be equivalent. The two hydrogens on the 

CH2 group are also equivalent. The chemical shift of hydrogen atoms is the most important piece of information 

provided by NMR spectroscopy, because it reveals a great deal about the nature of the bonds around the hydrogen.[38] 

Two more features of NMR spectra are important aids to structure assignment. The first is the area of space enclosed by 

the absorption peaks. The area under the peaks is directly proportional to the number of hydrogen atoms contributing to 

the peak. NMR spectrometers have a feature, called integration, which, when selected by the user, calculates the area 

under each peak and plots the result as a line that is displaced vertically at a peak by an amount proportional to the area 

under the peak. The integration of the bromoethane spectrum, for example, shows that the absorption peaks around 1.6 

ppm have an area that is 1.5 times greater than the area of the peaks at 3.3 ppm. This is consistent with, and supports, 

the assignment of the peaks to the CH3 and CH2 groups because the ratio of the area of the CH3 peak to the CH2 peak is 

expected to be 3:2, or 1.5:1, for the numbers of hydrogen atoms are in a 3:2 ratio. 

The second additional feature is the pattern of the absorption peaks. In the bromoethane example, the CH3 peak is split 

into three distinct peaks, called a triplet. The CH2 peak is split into four peaks, called a quartet. These multiple peaks 

are caused by nearby hydrogen atoms through a process termed spin-spin splitting. Each set of equivalent hydrogens on 

a given carbon is split into an n+1 multiplet by adjacent hydrogen atoms that are nonequivalent to the hydrogens of the 
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given carbon. These splittings are generally observed for all nonequivalent hydrogens bonded to the one or two 

adjoining carbon atoms. In the bromoethane spectrum, the CH3 absorption appears as a triplet owing to the effects of 

the two hydrogens on the adjacent CH2 group. Reciprocally, the CH2 absorption is a quartet because of the effects of 

the three hydrogen atoms on the neighbouring CH3 group.[37] 

IV. CONCLUSIONS 

To calculate vibrational spectra of organic molecules 

The usual approach is: 

 Find the equilibrium geometry (within the Born-Oppenheimer app.). 

 Expand the energy in Taylor series till second order term. The first order will be 0 because of the minimum 

energy condition. 

 Include this expression in the Hamiltonian. 

 Generate a coordinate transformation to get normal coordinates. 

 Relate second order derivative of the potential energy with the force constant of Hook law (Using second 

order term we can identify it with a harmonic oscillator). Then get the harmonic frequencies. 

 The software employed should give also the intensity for each frequency. 

 Plot intensity vs. frequency/energy/wave length. You'll get only "points". To transform them to a continuous 

function you can use a Lorentzian like function.[42] 
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