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Abstract 
In the framework of the density functional methods B3LYP 6-311++G(3df,3pd) first derived force field 

for p-nitrotoluene and 2,4,6-trinitrotoluene in the coordinates Хδ
0. Determined generalized force coefficients 

for the relations in the coordinate Хδ
0 calculated frequency (wave number) of normal vibrations and carried 

out their assignment to certain types of vibrations. 
Our results show that for p-nitrotoluene the most intense band in the vibrational spectrum has a value of 

1374 cm-1. Preferably in this vibration involves the atoms of the nitro group. It is a valence fluctuation of C-N 
bond and symmetric vibrations of the two bonds N-O, which are in opposite phase to C-N. Following the 
intensity band is mostly "owned" as nitrogroup. It matters 1577 cm-1. This vibration involves the atoms of N 
and O. This is asymmetric vibrations of the two bonds N-O. 

In the molecule of 2,4,6-trinitrotoluene has a characteristic intense bands involving nitro groups. The 
most intense band has a value of 1375 cm-1. It could be attributed to the stretching vibrations of the nitro 
group. This is mainly the vibration of the bondC-N in position 4 and, in antiphase to that vibration, the 
symmetric vibrations of the two bonds N-O. The second intensity band with a value of 1604 cm-1 corresponds 
to (mainly) the nitro groups in positions 2 and 6. This asymmetric vibrations of N-O in each of the nitro 
groups that have coordinated movement relative to each other. Wave number 1385 cm-1 corresponds to the 
following intensity bond and is interpreted as asymmetric vibrations of nitro groups in positions 2 and 6 of the 
ring.This means that the C-N bond changes in the opposite phase each against the other. Inside each of the 
nitro groups N-O bonds change symmetrically. 

The obtained generalized force coefficients of bonds in molecules of p-nitrotoluene and 2,4,6-
trinitrotoluene in the coordinates Хδ

0. So the generalized force coefficients for the relations C-N and N-O nitro 
group in the molecule, and p-nitrotoluene was found to be 6.6509 mdyn/Å and 12.7008 mdyn/Å (average) in 
the coordinates Хδ

0, respectively. The generalized force coefficients for the relations C-N and N-O nitro group 
in the molecule 2,4,6-trinitrotoluene equal, respectively, 6.4682 mdyn/Å and 12.8707 mdyn/Å (middle). 

 
 

References 
[1] S.S. Novikov, G.A. Shvehgeimer, V.V. Sevost'yanova, V.A. Shlyapochnikov. Chemistry of aliphatic and 

alicyclic nitrocompounds. Moscow: Chemistry. 1974. 416p. (russian) 
[2] Chemical encyclopedic dictionary. Chief editor I.L. Knunyanc. Мoscow: Sov. Encyclopedia. 1983. 792p. 

(russian) 
[3] V.I. Sloveckii. The infrared absorption spectrum of aliphatic nitro compounds and their derivatives. 

Successes of chemistry. 1971. Vol.XL. No.4. P.740-763. (russian) 
[4] A.V. Shastin, T.I. Godovikova, B.L. Korsunskii. Nitro-derivatives of 1,3,5-triazine. Synthesis and 

properties. Successes of chemistry. 2003. Vol.72. No.3. P.311-320. (russian) 
[5] A.A. Lobanova, S.G. Il'yasov, G.V. Sakovich. Nitramide. Successes of chemistry. 2010. Vol.79. No.9. 

P.894-905. (russian) 
[6] N.N. Mahova, A.S. Kulikov. Advances in the chemistry of monocyclic amino - and nitrofuroxans. 

Successes of chemistry. 2013. Vol.82. No.11. P.1007-1033. 
[7] N.I. Sadova, L.V. Vilkov. The molecular geometry of nitro-compounds. Successes of chemistry. 1982. 

Vol.51. No.1. P.153-184. 



COMPUTATION OF VIBRATIONAL SPECTRA OF P-NITROTOLUENE AND 2,4,6-TRINITROTOLUENE… ___ 42-52 

©Бутлеровские сообщения. 2017. Т.52. №11. _____________ E-mail:  journal.bc@gmail.com _______________ 43  

[8] A.V. Belik, R.Z. Zaharyan, V.A. Shlyapochnikov. The electronic structure of the molecules of nitro 
compounds. Russian Chem. Bull. Ser.chem. 1976. No.8. P.1714-1719. (russia) 

[9] A.V. Belik. Modern elements computational chemistry: monograph. Chelyabinsk: Publ. Chelyab. State 
Univ. 2013. 161p. (Classical University). (russian) 

[10] А.V. Belik New aspects of computation chemistry: monograph. Chelyabinsk: Polygraph – Master.  
2015. 200p. (russian) 

[11] A.V. Belik, I.L. Komkova, V.A. Shlyapochnikov. Theoretical analysis of the vibrational spectrum of 
nitromethane. Russian Chem. Bull. Ser.chem. 1985. No.6. P.1410-1413. (russian) 

[12] I.V. Tokmakov, V.A. Shlyapochnikov. Using the theory of hybrid functional of the electronic density 
(hybridDFT) for the calculation of vibrational spectra: the nitromethane. Russian Chem. Bull. Ser.chem. 
1997. No.12. P.2106 -2109. (russian) 

[13] E.I. Fedotova, and A.V. Belik. Nitrocompounds: structure, force coefficients in coordinates Xδ
0 and the 

frequencies of normal vibrations of NO2-group. Butlerov Communications. 2012. Vol.31. No.9. P.29-
35. ROI: jbc-02/12-31-9-29 

[14] A.V. Belik. Computation of vibrational spectra of benzene and benzofuroxan molecules in coordinates 
Хδ

0 with an estimation of a force fields in frameworks DFT. Butlerov Communications. 2016. Vol.45. 
No.2. P.148-162. DOI: 10.37952/ROI-jbc-01/16-45-2-148 

[15] A.V. Belik. Computation of vibrational spectra of 5-methoxy-4-nitrobenzofuroxan in coordinates Хδ
0. 

Butlerov Communications. 2016. Vol.47. No.9. P.85-94. DOI: 10.37952/ROI-jbc-01/16-47-9-85 
[16] V. Kon. Electronic structure of matter – wave functions and density functionals. Advancces in physical 

Sciences (Nobel lectures in chemistry – 1998). 2002. Vol.172. No.3. P.336-348. (russian) 
[17] A.A. Korlyukov, M.Yu. Antipin. The study of the structure of crystals of organic and Organoelement 

compounds using modern quantum chemical calculations within the framework of the density 
functional theory. Successes of chemistry. 2012. Vol.81. No.2. P.105-129. 

[18] W. Koch, M.C. Holthausen. A Chemist’s Guide to Density Functional Theory. 2nded. Weinheim: Wiley-
Vch. 2001. 293р. 

[19] E.V. Butyrskaya. Computational chemistry:  basic theory and work with programs Gaussian and Gauss 
View. Мoscow: SOLON-PRESS. 2011. 224p. (russian) 

[20] Gaussian 09, Revision A.02. M.J. Frisch, G.W. Trucks, H.B. Schlegel [at el.]. Wallingford: Gaussian, 
Inc. 2009. 

[21] Spectral Database for Organic Compounds, SDBS [Электронныйресурс]. S. Kinugasa, K. Tanabe, T. 
Tamura. Базаданных. National Institute of Advanced Industrial Science and Technology (AIST), 
Japan. Режимдоступа: http://sdbs.db.aist.go.jp/sdbs/cgi-bin/cre_index.cgi 

[22] L.S. Mayanc. Theory and calculation of molecular vibrations. Мoscow: Publ. of Acad. Sciencec of 
USSR. 1960. 526p. (russian) 

[23] E. Vil'son, Dj. Deshius, L. Kross. The theory of vibration spectra of molecules. Мoscow: Publ. 
«Foreign literature». 1960. 358p. (russian) 

[24] S. Sivin. Vibrations of molecules and middlesquare amplitude. Moscow: Mir. 1971. 487p. (russian) 
[25] L.S. Mayanc, G.B. Shaltuper. A new approach to the complete calculation of the vibrations of any 

molecule. Dokl. USSR Academy of Sciences. 1972. No.206. P.657-660. (russian) 
[26] L.S. Mayants, G.B. Shaltuper. General methods of analysing molecular vibrations. J. Mol. Struct.1975. 

Vol.24. P.409-431. 
[27] A.V. Belik. Solution of a spectral problem for molecules NH2NO2, CH3NO2 and N2O4 in coordinates 

Хδ
0. Butlerov Communications. 2014. Vol.40. No.11. P.84-90. ROI: jbc-02/14-40-11-84 

 
 

 


