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Solutions to Exercises – chapter 12 

 
 

12.1) Why are wavenumber notations used instead of wavelengths 

within IR spectroscopy? 

Wavenumbers represent the reciprocal of the wavelength (1/) and have units 

of cm-1. The use of wavenumbers instead of wavelength owes it’s origin to 

historical convention, but does allow for the use of more manageable 

numbers.  

12.2) IR spectrometers typically operate over a wavelength range of 3 to 

15μm; express this range in terms of frequency and wavenumbers. 

3m = 3x10-6m 

3m = 1 / 3x10-6 = 3.3x106 wavenumbers 

15m = 15x10-6m 

15m = 1 / 15x10-6 = 6.6x105 wavenumbers 

It follows the typical range of IR spectrometers is approximately 6x105 through 

to 3x106 wavenumbers. 
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12.3) How many degrees of freedom does the gas NO2 possess? 

NO2 is a linear tri-atomic molecule. The molecule will be expected to exhibit 

(3n-5) = 4 degrees of freedom. 

12.4) Why are mercury arc IR sources sometimes used in preference to 

alternatives such as Globar sources? 

High pressure mercury arc sources are sometimes used for far-IR 

applications where the intensity of the radiation provided by alternatives such 

as Nernst or globar sources diminishes to unacceptable low levels. 

12.5) Describe the relative advantages of using thermopiles, bolometers, 

pyroelectric and photo-conducting detectors within IR instrumentation. 

Thermocouples are the simplest and most popular form of thermal detector 

although they are also the least sensitive. The sensitivity of thermocouples 

can be enhanced by coupling several together to form a thermopile. An 

alternative approach involves the use of bolometers based on either simple 

thermistors or specially fabricated platinum or nickel thin strips; these devices 

operate by exhibiting resitivity changes to temperature. Such devices are 

more sensitive but more expensive than thermopiles. Pyroelectric detectors 

typically comprise a layer of pyroelectric material sandwhiched between two 

electrodes (one of which) is made of an IR transparent material to form a 

capacitor. IR radiation passing through the window causes heating of the 

pyroelectric material and so a degree of polarisation of the material. 
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Pyrolectric detectors can offer some of the highest sensitivity achievable but 

at the cost of complexity and expense. 

12.6) Why are Fourier transform based IR spectrometers superseding 

dispersive based instruments? 

Fourier transform spectrometers offer unrivalled speed, resolution, sensitivity 

and wavelength precision - that cannot be matched by dispersive 

spectrometers. Fourier transform spectrometers do not require the moving 

components that are integral to dispersive instruments. 

12.7) Why may attenuated total internal reflection IR approaches allow 

spectra to be recorded for samples that would otherwise be difficult to 

obtain IR spectra? 

Samples such as liquids, powders, fabrics etc may be placed in direct contact 

with the ATR crystal; such samples could not be analysed by placing in the 

path of an IR beam within a conventional dispersive IR spectrometer.
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12.8) Six solvents bottles A-F have all lost their labels. The six bottles 

were known to contain: acetone, acetonitrile, chloroform, ethanol, 

hexane and toluene. When analysed using IR these give the spectra 

below. From the IR spectra, assign the solvents to their bottles. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A – Acetonitrile (strong nitrile peaks at 2200-2400 cm-1).  

B- Hexane (strong C-H stretch at 2900-3000 cm-1 and very little else).  

C – Chloroform (no C-H peaks visible, strong C-Cl stretch).  

D – Toluene (C-H stretch about 3100 cm-1, strong aromatic peaks at 700 cm-

1). 

E-ethanol (strong OH at 3300 cm-1). 

F-Acetone (strong C=O at 1700 cm-1). 

 
A. B.

C. D.

E. F.

A. B.

C. D.

E. F.
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12.9) Describe the molecular vibrations associated with infrared 

absorptions. 

 

Molecular oscillations or vibrations can be classified as typically involving 

stretching, bending and a number of other motions. Stretching motions involve 

continuous change of the interatomic distance along the axis of the bond, 

between two atoms or groups within a molecule. By contrast, bending 

vibrations involve changes in the angle between bonds; the main types of 

bending oscillations are known as scissoring, rocking, wagging and twisting 

oscillations. 

 

 

12.10) The IR spectrum of gaseous HCl shows a series of peaks centred 

at about 2900 cm-1 corresponding to rotational transitions of the HCl 

molecules. Closer examination of each adsorption peaks shows it to 

consist of two peaks with a size ratio of approximately 3:1. Explain this 

behaviour. 

 

Chlorine consists of two isotopes 35Cl and 37Cl in approximately 3:1 

abundance ratio. Therefore it follows that in our sample we will have 35HCl 

and 37HCl in that ratio. As the molecules have slightly different masses, they 

adsorb radiation at slightly different wavelengths, giving rise to the formation 

of the doublet. 
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12.11) Discuss how the IR spectra of a carboxylic acid in liquid form may 

well differ from that in dilute solution in chloroform. 

 

Besides the obvious differences due to the presence of adsorption peaks of 

the solvent, the spectrum of the acid itself will vary. In the liquid state there will 

be extensive hydrogen bonding between the acids which will not occur in 

dilute solutions in a non-hydrogen bonding solvent. Therefore we would 

expect the peaks for the O-H stretches and C=O stretches to be different, 

since these are the groups which take part in hydrogen bonding. In dilute 

solution the carbonyl stretch is typically at about 1760 cm-1 instead of 1710 

cm-1 expected for the liquid state. In the liquid, the O-H stretch tends to be 

about 2700-2500 cm-1 as opposed to 3650-3500 cm-1 as observed in solution. 

 

 


