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Abstract 

In this article we have determined the chemical composition of nitrotoluene and nitromethane using IR spectroscopy as a 

method. The absorption spectrum of nitrotoluene is between the following wave numbers 1537cm-1 and 1358 cm-1. The 

absorption spectrum of nitromethane is between the following wave numbers 1573cm-1 and 1383cm-1. 
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Introduction 

The chemical bonds of molecules vibrate at different 

frequencies, depending on the elements that are bonded and 

the type of bond. For each bond, there are several specific 

frequencies at which they can vibrate. According to 

quantum mechanics, these frequencies correspond to the 

ground state (lower frequencies) and excited states (higher 

frequencies). One way to increase the frequency of a 

molecular vibration is to excite the bond by absorbing light 

energy. For any transition between two states, the energy of 

the light – determined by its wavelength – must be exactly 

equal to the energy difference between the two states 

(usually the ground state and the first excited state) [1-3]. The 

energy corresponding to the transitions between the 

molecular vibration states is generally between 1 and 10 

kcal/mol and corresponds to the infrared portion of the 

electromagnetic spectrum [4-7].  

Functional groups in molecules absorb infrared radiation in 

a specific range of wavenumbers, regardless of the structure 

of the rest of the molecule. Thus, a particular mode of 

motion of a chemical bond always occurs around a specific 

wavenumber. Correlating the wavenumber of the band with 

the chemical structure is used to identify the functional 

group of the sample [8-18]. The wavenumbers at which 

functional groups absorb are practically independent of 

temperature, pressure, the method of sampling, or changes 

in the structure of other parts of the molecule. Thus, the 

presence of specific functional groups in molecules can be 

revealed by these types of IR bands, called group 

wavenumbers. 

In IR spectroscopy, the sample – subjected to infrared 

radiation – absorbs some of the radiation, while other parts 

pass through it or are transmitted. The resulting spectrum 

consists of the absorption and transmission of radiation and 

represents a true fingerprint of the analyzed substance, the 

absorption bands corresponding to the frequencies of 

vibrations of the bonds between the atoms of which it is 

composed, each substance being a unique combination of 

atoms [1, 3]. This means that IR spectroscopy can be used to 

identify chemical substances – for qualitative analysis. 

Since the size of the band is a direct indication of the 

amount of compound present, IR spectroscopy can also be 

used for quantitative analysis. 

The first IR spectrometers, also called classical, are of the 

dispersive type, using a prism or a grid to separate the 

individual frequencies emitted by the source. The detector 

measures the amount of energy at each of the frequencies 

that pass through the sample. The result is a spectrum, in 

which the intensity is plotted as a function of frequency. 

In the case of classical spectrometers, the spectral 

absorption of a sample is scanned, which makes the time to 

obtain the spectrum long. It is therefore necessary to use a 

method that measures all frequencies simultaneously and 

not individual frequencies. The solution consisted in using 

an interferometer, which measures all IR frequencies 

simultaneously. But in this case, the spectrum is not 

measured directly, but the interferogram. This is 

transformed into a spectrum by Fourier transformation, thus 

resulting in Fourier transform IR spectroscopy, FTIR [4].  

Compared to conventional IR spectroscopy, FTIR has the 

following advantages [5]: 

▪ the interferometer uses all wavelengths at the same 

time, reducing the observation time; 

▪ the amount of radiation that passes is greater than for 

conventional monochromators; 

▪ the accuracy of wavenumbers is better; 

▪ the resolving power is greater. 

 

Material and methods 

Figure 1 shows the equipment necessary to determine the 

FTIR spectrum of aromatic hydrocarbons. 

 

 
 

Fig 1: Nicolet Avatar FTIR Spectrometer 
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Results and discussion 

The N–O stretching vibrations in nitroalkanes occur near 

1550 cm-1 (asymmetrical) and 1365 cm-1 (symmetrical), the 

band at 1550 cm-1 being the stronger of the two. Actually, 

both the bands are very strong in comparison to the bands of 

other functional groups.  

If the nitro group is attached to an aromatic ring, the N–O 

stretching bands shift to down to slightly lower 

wavenumbers: 1550-1475 cm-1 and 1360-1290 cm-1.  

Summary:  

▪ N–O asymmetric stretch from 1550-1475 cm-1  

▪ N–O symmetric stretch from 1360-1290 cm-1  

▪ See spectrum of m-nitrotoluene below. In nitrotoluene, 

the N–O stretches are at 1537 cm-1 and 1358 cm-1. 

 

 
 

Fig 2: IR spectrum for meta-nitrotoluene 
 

Table 1: Peak assignment in the FTIR spectrum of meta-

nitrotoluene 
 

Wave number, cm-1 Functional grouping Vibration mode 

1537 N-O Stretch 

1358 N-O Stretch 

 

 
 

Fig 3: IR spectrum for meta nitromethane 

 
Table 2: Peak assignment in the FTIR spectrum of meta 

nitromethane 
 

Wave number, cm-1 Functional grouping Vibration mode 

1573 N-O Stretch 

1383 N-O Stretch 

 

Conclusions  

Nitrotoluene contains in IR only bands characteristic of 

functional groups: aromatics and nitro compounds. 

Nitromethane contains in IR only bands characteristic of 

functional groups: nitro compounds and alkanes. 
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