
INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES 
 

 
Vol. 1 (1) Jan – Mar 2012                             www.ijpcsonline.com                                       174 
 

Review Article 

Interpretation of Infra Red Spectra 
Kataria Sahil1*, Beniwal Prashant1, Middha Akanksha1, Sandhu Premjeet1  

and Rathore Devashish2 
 

1Seth G. L. Bihani S.D. College of Technical Education, Institute of Pharmaceutical Sciences 
and Drug Research, Sri Ganganagar, Rajasthan, India. 

2School of Pharmacy, Devi Ahilya Vishvavidyalya, Khandwa road, Indore, Madhya Pradesh, 
India. 

_________________________________________________________________________ 
 
ABSTRACT 
Various Vibrational motions which are occurring in a molecule is a characteristic property of that and 
the spectra obtained can be used for identification purposes by comparing the spectra(Unknown 
compound or which is investigated) obtained with a standard reference Spectra leading to 
characterization or identification.  Interpretation of spectra involves identifying the functional groups 
by recording their peaks in the functional group region  and comparing the finger print region of the 
spectrum, so by finding out the functional groups present and the back bone of the molecule (mainly 
in finger print region) the molecule can be characterized. In this article various examples have been 
cited to understand the phenomenon of Interpreting a Infra red Spectra. 
 
Keywords: Interpretation, Infra red Spectra, Functional group region, Finger print Region. 
 
INTRODUCTION 
The Electromagnetic Spectrum 
The frequency and wavelength of electromagnetic radiation vary over many orders of 
magnitude. For convenience, electromagnetic radiation is divided into different regions 
based on the type of atomic or molecular transition that gives rise to the absorption or 
emission of photons  The boundaries describing the electromagnetic spectrum are not 
rigid, and an overlap between spectral regions is possible3 

 

Fig. 1: Electromagnetic spectrum4 

WHAT IS AN INFRA-RED SPECTRUM? 

Infrared spectrum of a compound represents its energy absorption pattern in the infrared 
region and is obtained by plotting % absorbance or transmittance of infrared radiation as a 
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function of wavelength or wavenumber over a particular range. Infrared spectrum is usually 
divided in three regions: The mid I.R. region is of greatest practical use to organic chemist. 
This is the region of wavelength between 3*10-4 and 3*10-5 cm1                                    

Near  infrared  (overtone region) 

 

 

Middle infrared  (fundamental vibrational 
region) 

Far  infrared  (pure rotational 
region) 

Functional group 
region 

Finger 
print 

region 

 

12500 cm-1                                4000 cm-1        1400cm-1    900 cm-1   667 cm-1                       50 cm-1 

Fig. 2 : Various Regions of Infrared region 

The normal infrared region (also called middle infrared region) that extends from 4000 cm-1 

to 667 cm-1 results from vibrational plus rotational transitions. The region on either side of 
the infrared are known as near infrared ( 12500 cm-1 to 4000 cm-1) and far infrared region 
(667 cm-1 to 50 cm-1) 

 

Fig. 3 : Infra red Ranges17 

Functional group and fingerprint regions 

The region of the infrared spectrum from 4000 cm-1 to 1400 cm-1 exhibit absorption bands 
assignable to a number of functional groups and is called functional group region. These 
band are useful diagnostically but more usually they supplement the region below 1400 cm-1 

The region from 1400 cm-1 to 900 cm-1 is complex because it contains, apart from 
fundamental stretching and bending vibrations, many bands resulting from sum or difference 
of their vibrational frequencies. This part of spectrum is characteristic of compound is called 
fingerprint region 5 

How an infra-red spectrum is produced 

We probably know that visible light is made up of a continuous range of different 
electromagnetic frequencies - each frequency can be seen as a different colour. Infra-red 
radiation also consists of a continuous range of frequencies - it so happens that our eyes 
can't detect them. 

If we pass a range of infra-red frequencies one at a time through a sample of an organic 
compound, we find that some frequencies get absorbed by the compound. A detector on the 
other side of the compound would show that some frequencies pass through the compound 
with almost no loss, but other frequencies are strongly absorbed. 
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How much of a particular frequency gets through the compound is measured as percentage 
transmittance. 

A percentage transmittance of 100 would mean that all of that frequency passed straight 
through the compound without any being absorbed. In practice, that never happens - there is 
always some small loss, giving a transmittance of perhaps 95% as the best you can achieve. 

A transmittance of only 5% would mean that nearly all of that particular frequency is 
absorbed by the compound. A very high absorption of this sort tells you important things 
about the bonds in the compound. 

What an infra-red spectrum looks like 

A graph is produced showing how the percentage transmittance varies with the frequency of 
the infra-red radiation. 

 

Fig. 4: Typical Infrared Spectrum 

Most spectra using electromagnetic radiation are presented with wavelength as the X-
axis.  Originally, IR spectra were presented in units of micrometers.  Unfortunately, a 
linear axis in micrometers compresses the region of the spectrum  that usually has the 
largest number of peaks.  

One could rectify this by presenting the speectrum on a linear scale vs. frequency (Hz), 
but the magnitude is unwieldy .1  A different measure, the wavenumber, is given the unit 
cm-1 often called reciprocal centimetres the wavenumber is simply the no. of waves per 
centimetre and is equal to reciprocal of wavelength in centimeters15 

 

What causes some frequencies to be absorbed? 
Each frequency of light (including infra-red) has a certain energy. If a particular frequency is 
being absorbed as it passes through the compound being investigated, it must mean that its 
energy is being transferred to the compound. 
Energies in infra-red radiation correspond to the energies involved in bond vibrations. 
 
Bond stretching 
In covalent bonds, atoms aren't joined by rigid links - the two atoms are held together 
because both nuclei are attracted to the same pair of electrons. The two nuclei can vibrate 
backwards and forwards - towards and away from each other - around an average position. 
The diagram shows the stretching that happens in a carbon-oxygen single bond. There will, 
of course, be other atoms attached to both the carbon and the oxygen. For example, it could 
be the carbon-oxygen bond in methanol, CH3OH. 
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Fig. 5: Bond Streching 
 
The energy involved in this vibration depends on things like the length of the bond and the 
mass of the atoms at either end. That means that each different bond will vibrate in a 
different way, involving different amounts of energy. 
The stretching motions require more energy than the bending ones.1 

 

Fig. 6 : Symmetric & Asymmetric Streching 

Note the high wavenumber (high energy) required to produce these motions.2 
Bonds are vibrating all the time, but if we shine exactly the right amount of energy on a bond, 
we can kick it into a higher state of vibration. The amount of energy it needs to do this will 
vary from bond to bond, and so each different bond will absorb a different frequency (and 
hence energy) of infra-red radiation. 
Molecular vibrations give rise to IR bands only if they cause a change in the dipole moment 
of the molecule.  (This comes out of the quantum mechanics of molecular absorption of 
energy, so we aren't concerned too much with why, yet.)  If a stretch does not change the 
dipole moment, there won't be any IR band.  This is why O2 and N2 in the atmosphere don't 
show any IR bands.  CO2, however, has a stretch where one O moves in and the other 
moves out:  

 
 
Thus we see this band at 2400 cm-1. 14 
 
Bond bending 
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As well as stretching, bonds can also bend. The diagram shows the bending of the bonds in 
a water molecule. The effect of this, of course, is that the bond angle between the two 
hydrogen-oxygen bonds fluctuates slightly around its average value. Imagine a lab model of 
a water molecule where the atoms are joined together with springs. These bending 
vibrations are seen if we shook the model gently. 

 

Fig. 7: Bond Bending 

The bending motions are sometimes described as wagging or scissoring motions.1 

 

Fig. 8: Various Inplane Bending 

Lower wavenumber values are consistent with lower energy to cause these vibrations.2 
Again, bonds will be vibrating like this all the time and, again, if we shine exactly the right 
amount of energy on the bond, we can kick it into a higher state of vibration. Since the 
energies involved with the bending will be different for each kind of bond, each different bond 
will absorb a different frequency of infra-red radiation in order to make this jump from one 
state to a higher one.In a complicated molecule many fundamental vibrations are possible, 
but not all are observed. Some motions do not change the dipole moment for the molecule; 
some are so much alike that they coalesce into one band.1 
 
Intensity of Absorption 
The intensity of an absorption in the IR spectrum is related to the change in dipole that 
occurs during the vibration. Consequently, vibrations that produce a large change in dipole 
(e.g. C=O stretch) result in a more intense absorption than those that result in a relatively 
modest change in dipole (e.g. C=C). Vibrations that do not result in a change in dipole 
moment (e.g., a symmetrical alkyne C triple bond C stretch) will show little or no absorption 
for this vibration12 
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THE FINGERPRINT REGION OF AN INFRA-RED SPECTRUM 
What is the fingerprint region 
This is a typical infra-red spectrum: 

 

Each trough is caused because energy is being absorbed from that particular frequency of 
infra-red radiation to excite bonds in the molecule to a higher state of vibration - either 
stretching or  bending. 
Some of the troughs are easily used to identify particular bonds in a molecule. For example, 
the big trough at the left-hand side of the spectrum is used to identify the presence of an 
oxygen-hydrogen bond in an -OH group 
The region to the right-hand side of the diagram (from about 1500 to 500 cm-1) usually 
contains a very complicated series of absorptions. These are mainly due to all manner of 
bending vibrations within the molecule. This is called the fingerprint region. 
It is much more difficult to pick out individual bonds in this region than it is in the "cleaner" 
region at higher wavenumbers. The importance of the fingerprint region is that each different 
compound produces a different pattern of troughs in this part of the spectrum 
 
Using the fingerprint region 
Compare the infra-red spectra of propan-1-ol and propan-2-ol. Both compounds contain 
exactly the same bonds. Both compounds have very similar troughs in the area around 3000 
cm-1 - but compare them in the fingerprint region between 1500 and 500 cm-1. 
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The pattern in the fingerprint region is completely different and could therefore be used to 
identify the compound. 
So . . . to positively identify an unknown compound, use its infra-red spectrum to identify 
what sort of compound it is by looking for specific bond absorptions. That might tell you, for 
example, that you had an alcohol because it contained an -OH group1 

Thus the fingerprint region of unknown compound can be compared with the fingerprint 
region of known sample, and if they matched exactly, the unknown and known compound 
are identical.16 
 
Interpretation of spectra 
The vibrational spectrum of a molecule is considered to be a unique physical property and is 
characteristic of the molecule. As such, the infrared spectrum can be used as  a fingerprint for 
identification by the comparison of the spectrum from an unknown with previously recorded 
reference spectra In the absence of a suitable reference database, it is possible to effect a 
basic interpretation of the spectrum from first principles, leading to characterization, and 
possibly even identification of an unknown sample.10 
The interpretation of infrared spectra involves the correlation of absorption bands in the 
spectrum of an unknown compound with the known absorption frequencies for types of 
bonds. There are no rigid rules for interpreting an IR spectrum. Certain requirements 
however must be met before an attempt is made to interpret a spectrum 
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1. The spectrum must be adequately resolved and of adequate intensity 
2. The spectrum should be that of a reasonably pure compound 
3. The spectrophotometer should be calibrated so that the bands are observed at their 

proper frequencies or wavelengths. Proper calibration can be made with reliable 
standards, such as poly(styrene) film. 

4. The method of sample handling must be specified if a solvent is employed, the 
solvent, concentration, and the cell thickness should be indicated.6 

 
The following characteristics should be considered while interpreting the infrared spectrum of 
a pure compound 

I. Always begin at the higher frequency end of the chart where the most reliable 
correlations occurs and use the fingerprint region mainly for confirmation. 

II. Check the frequency calibration of the instrument and the necessary corrections if 
any 

III. When the presence of impurities in sample is suspected (the spectrum has many 
medium intensity bands or strong bands with shoulders), purify the compound by 
appropriate methods, to a constant spectrum. 

IV. Most functional groups, have their characteristic absorptions (stretching frequencies) 
in the region 4000-1400 cm-1. This region should be examined first when knowledge 
of the elemental constituents of the unknown compound has been established. 

V. Absorptions found in the region 1400 – 900 cm-1( fingerprint region) are normally 
more difficult to interpret due to complexity of group vibrations in the region. Many 
vibrational (bending and stretching) modes are possible in this region and 
assignments should be made with caution 

VI. The region below 900 cm-1 is mainly useful for providing information regarding 
aromatic substitution patterns and for some stretching frequencies of carbon-halogen 
groups 

VII. Spectra of solids and liquids usually show a lowering in the group frequencies of 
polar groups due to hydrogen bonding. The lowering of group frequencies as a result 
of molecular association (intermolecular bonding) is often accompanied by 
broadening of the peak. Spectra obtained in dilute solution or in vapour phase do not 
show these effects unless they result from intramolecular hydrogen bonding. 

VIII. Group frequencies are more valuable than single absorption bands. In other, a 
functional group that give rise to many characteristic absorptions can usually be 
identified more definitely than a function that gives rise to only one characteristic 
absorption e.g. ketones (C=O st.) are less easily identified then esters (C=O st. And 
C-O st.); esters are less easily identified than amides 

IX. The absence of a characteristic absorption may be more illuminating than its 
presence. 

X. Multifunctional compounds will show separate absorptions of the individual functional 
groups unless they interact ( examples of interacting functional types are diketones, 
aliphatic amino acids etc.5 

             

Typical Infrared Absorption Frequencies 
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Fig. 9: Infrared Absorption Frequencies7 

Infrared Absorption Frequencies(steching & bending frequencies)8 

 
Stretching Vibrations Bending Vibrations 

Functional 
Class 

Range (cm-1) Intensity Assignment Range (cm-1) Intensity Assignment 

Alkanes 2850-3000 Str CH3, CH2 & CH 

2 or 3 bands 

1350-1470 

 

1370-1390 

 

720-725 

med 

 

med 

 

wk 

CH2 & CH3 

deformation 

CH3 deformation 

CH2 rocking 

Alkenes  3020-3100 

 

1630-1680 

 

 

1900-2000 

med 

 

var 

 

 

str 

=C-H & =CH2 

(usually sharp) 

C=C (symmetry 

reduces intensity) 

C=C asymmetric 

stretch 

880-995 

780-850 

675-730 

str 

med 

med 

=C-H & =CH2 

(out-of-plane 

bending) 

cis-RCH=CHR 

Alkynes 3300 

 

2100-2250 

str 

 

var 

C-H (usually 

sharp) 

C≡C (symmetry 

reduces intensity) 

600-700 str C-H deformation 

Arenes  3030 

 

1600 & 1500 

var 

 

med-wk 

C-H (may be 

several bands) 

C=C (in ring) (2 

690-900 str-med C-H bending & 

ring puckering 
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bands) 

(3 if conjugated) 

Alcohols & 

Phenols  

3580-3650 

 

3200-3550 

 

970-1250 

var 

 

str 

 

str 

O-H (free), usually 

sharp 

O-H (H-bonded), 

usually broad 

C-O 

1330-1430 

 

650-770 

med 

 

var-wk 

O-H bending (in-

plane) 

O-H bend (out-

of-plane) 

Amines  3400-3500 (dil. 

soln.) 

3300-3400 (dil. 

soln.) 

1000-1250 

wk 

 

wk 

 

med 

N-H (1°-amines), 2 

bands 

N-H (2°-amines) 

 

C-N 

1550-1650 

 

660-900 

med-str 

 

var 

NH2 scissoring 

(1°-amines) 

NH2 & N-H 

wagging 

(shifts on H-

bonding) 

Aldehydes 

& Ketones 

2690-2840(2 

bands) 

1720-1740 

1710-1720 

 

 

1690  

1675  

1745  

1780 

med 

 

str 

 

str 

 

 

str 

str 

str 

str 

C-H (aldehyde C-

H) 

C=O (saturated 

aldehyde)  

C=O (saturated 

ketone) 

 

aryl ketone 

α, β-unsaturation 

cyclopentanone 

cyclobutanone 

 

1350-1360 

1400-1450  

1100 

 

str 

str 

med 

 

α-CH3 bending 

α-CH2 bending 
 C-C-C bending 

Carboxylic 

Acids & 

Derivatives 

2500-3300 

(acids) overlap 

C-H 

 

1705-1720 

(acids) 

1210-1320 

str 

 

 

 

 

str 

med-str 

O-H (very broad) 

 

 

 

 

C=O (H-bonded) 

O-C (sometimes 2-

1395-1440 

 

 

 

 

 

 

med 

 

 

 

 

 

 

C-O-H bending 
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(acids) 

1785-1815        

( acyl halides)  

1750 & 1820 

(anhydrides)  

1040-1100  

1735-1750 

(esters)  

1000-1300  

1630-1695 

(amides) 

 

str 

 

 

str 

 

str 

 str 

 

str 

str 

peaks) 

 

C=O 

 

 

C=O (2-bands) 

     

O-C 

C=O 

 

 O-C (2-bands) 

C=O (amide I 

band) 

 

1590-1650  

 

1500-1560  

 

med 

 

med 

 

N-H (1°-amide) 

II band 

N-H (2°-amide) 

II band 

Nitriles 

 

Isocyanates

,Isothiocya

nates, 

Diimides, 

Azides & 

Ketenes 

2240-2260 

 

2100-2270 

med 

 

med 

C≡N (sharp) 

 

-N=C=O, -N=C=S 

-N=C=N-, -N3, 

C=C=O 

   

 
Other Functional Groups 
Most of the absorptions cited are associated with stretching vibrations. Standard 
abbreviations (str = strong, wk = weak, brd = broad & shp = sharp) are used to describe the 
absorption bands.8The no. of similar group in a molecule changes the relative strength of the 
absorption band in a spectrum. For e.g. the stretching band of O-H gp.in a compound 
display itself as a strong absorption where as a single C-H stretch is comparatively weaker.11 

 

 

Functional Class Characteristic Absorptions 

Sulfur Functions 

S-H thiols  2550-2600 cm-1 (wk & shp) 

S-OR esters 700-900 (str) 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES 
 

 
Vol. 1 (1) Jan – Mar 2012                             www.ijpcsonline.com                                       185 
 

S-S disulfide 500-540 (wk) 

C=S thiocarbonyl 1050-1200 (str) 

S=O   sulfoxide  

sulfone  

sulfonic acid  

sulfonyl chloride  

sulphate 

1030-1060 (str) 

1325± 25 (as) & 1140± 20 (s) (both str) 

1345 (str) 

1365± 5 (as) & 1180± 10 (s) (both str) 

1350-1450 (str) 

Phosphorous Functions 

P-H phosphine 2280-2440 cm-1 (med & shp) 

950-1250 (wk) P-H bending 

(O=)PO-H phosphonic acid  2550-2700 (med) 

P-OR esters  900-1050 (str) 

P=O   phosphine oxide  

phosphonate  

phosphate  

phosphoramide  

1100-1200 (str) 

1230-1260 (str) 

1100-1200 (str) 

1200-1275 (str) 

Silicon Functions 

Si-H silane  2100-2360 cm-1 (str) 

Si-OR  1000-1110 (str & brd) 

Si-CH3  1250± 10 (str & shp) 

Oxidized Nitrogen Functions 

=NOH oxime  

O-H (stretch)  

C=N  

N-O  

 

3550-3600 cm-1 (str) 

1665± 15 

945± 15 
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N-O amine oxide  

aliphatic  

aromatic 

 

960± 20 

1250± 50 

N=O nitroso  

Nitro 

1550± 50 (str) 

1530± 20  

 
Approaching the Analysis of a Spectrum 
When analyzing the spectrum of an unknown, concentrate first on determining the 
presence(or absence) of a few major functional groups. The C=O, O-H, N-H, C-O, C=C,C≡C 
C≡N, and  NO2  peaks are most conspicuous and give immediate structural information if 
they are present 

1. Is a carbonyl group present ? The C=O group give rise to a strong absorption in the 
region 1820-1660 cm-1. The peak is often the strongest in the spectrum and of 
medium width. 
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SPECTRUMS 

 ALKANES 

 

IR spectrum of decane (neat liquid, KBr plates) 

The spectrum is simple, with few peaks 

 C-H   Stretch at around 3000 cm-1 

 CH2   Bending approx. 1465 cm-1 

 CH3   Bending approx 1375 cm-1 

 CH2   Bending (rocking) associated with four or more      

CH2 groups in an open chains at 720 cm-1( long chain band)  
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 ALKENES 

        

IR spectrum of 1-hexene ( neat liquid, KBr plates) 

 =C-H  sp2 strech for C-H occur greater then 3000 cm-1(3095-3010 cm-1) 

 =C-H  out of plane bending in the range 1000-650 cm-1 

 C=C  stretch occur at 1660-1600 cm-1 

 Conjugation moves C=C stretch to lower frequencies and increases the intensity 

 Symmetrically substituted bonds do not absorb infrared ( no dipole change) 

 ALKYNES 

 

Infrared spectrum of 1- octyne 
≡C-H  Strech for sp C-H usually near 3300 cm-1 
C≡C  stretch  occurs near 2150 cm-1 
 Conjugation move stretch to lower frequency 
 Disubstituted or symmetrically substituted triple bond give either absorption or no 

absorption 
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 AROMATIC RINGS 

 

Infrared spectrum of toluene 
=C-H  stretch for sp2 C-H occurs at greater then 3000 cm-1 
=C-H  out of plane bending at 900-690 cm-1 (assignment of ring substitution pattern) 
C=C  Ring stretch absorptions occurs in pairs at 1600 cm-1 and 1475 cm-1 
Overtone/combination bands appear between 2000 & 1667 cm-1. These weak absorptions 
are used to assign ring substitution pattern. 
 
 
 
 ALCOHOLS  AND PHENOLS 

 

Infrared spectrum of 1- hexanol 
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Infrared spectrum of para- cresol 

O-H  Free O-H stretch is a sharp peak at 3650-3600 cm-1. 
(this appear in combination with H bonded O-H peak when dissolved in solvent) 
  Hydrogen bonded O-H band is a broad peak at 3400-3300 cm-1 

C-O-H Bending appears as broad and weak peak at 1440-1220 cm-1 (obscured by 
CH3 bending 

C-O Stretching vibration occurs in range 1260-1000 cm-1(used to assign primary, 
secondary and tertiary structure to an alcohol) 

 
 
 CARBONYL COMPOUNDS 

 

 ALDEHYDES 

 

Infrared spectrum of benzaldehyde 

 

 
   Infrared spectrum of nonanal 
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 KETONES 

 

Infrared spectrum of acetophenone 
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 CARBOXYLIC ACID 

 

Infrared spectrum of benzoic acid 
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 ESTERS 

 

Infrared spectrum of ethyl butyrate 

 

 

Infrared spectrum of methyl benzoate 
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 AMIDES 

 

Infrared spectrum of propionamide(dots show nujol absorption bands) 

 

 ACID CHLORIDE 

 
Infrared spectrum of benzoyl chloride 

 



INTERNATIONAL JOURNAL OF PHARMACEUTICAL AND CHEMICAL SCIENCES 
 

 
Vol. 1 (1) Jan – Mar 2012                             www.ijpcsonline.com                                       196 
 

 
 
 

 ANHYDRIDES 

 
Infrared spectrum of propionic anhydride 

 
 
 

 AMINES 

 
Infrared spectrum of N- methylaniline 
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 NITRILES, ISOCYANATES, ISOTHIOCYANATES & IMINES 

 
Infrared spectrum of butyronitrile 

 
Infrared spectrum of benzyl isocyanate 

 

 

 

 
 
 
 

 NITRO COMPOUNDS 

 
Infrared spectrum of 1- nitrohexane 
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Infrared spectrum of nitrobenzene 

 
 CARBOXYLATE SALTS, AMINE SALTS AND AMINO ACIDS 

 
Infrared spectrum of leucine(dots show nujol absorption bands) 

 
 CARBOXYLATE SALTS 

 
 AMINE SALTS (NH4

+, RNH3
+, R2NH2

+, R3NH+) 

 
 AMINO ACIDS 
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ALKYL & ARYL HALIDE 

 

 

 
Infrared spectrum of carbon tetrachloride9 

So by comparing various Peaks in Spectra Interpretation can be done4 
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