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Abstract: Vibrational and nonlinear optical properties of 1,3,5-Triamino-2,4,6-Trinitrobenzene 

(TATB) have been investigated using quantum chemical methods. The Finite-Field approach has been 

used to obtain the static first and second hyperpolarizability components (β and γ) by applying field either 

in X, Y or Z direction. The geometries of TATB are optimized using quantum chemical methods with 

different exchange and correlation. The geometrical parameters and vibrational frequencies obtained at 

B3LP/6-311++G** level are in excellent agreement with the experimental determinations.  
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1. INTRODUCTION 

1,3,5-Triamino-2,4,6-trinitrobenzene (TATB) is an 

important molecular crystal widely used in high-

performance energetic applications. Nonlinear optical 

(NLO) materials have attracted much interest because 

of their potential applications in optoelectronic 

technology. In particular organic molecules are very 

suitable in this field owing to their fast electronic 

responses to external stimuli, ease and flexibility of 

chemical design, lightweighting materials, good 

processability in devices, etc.[1] In this context, two-

dimensional (2D) octopolar molecules, with 1,3,5-

triamino2,4,6-trinitrobenzene (TATB) being the 

prototypical example, are shown to exhibit second-

order NLO features similar to those of their one-

dimensional (1D) D-π-A dipolar homologues, 

overcoming their intrinsic limitations.[2] 

Several efforts have been made to understand 

the NLO properties of organic molecules for the last two 

decades [3-12]. NLO properties are important for the 

development of photonic devices, optically based 

computers, optically based telecommunication systems, 

and other applications such as optical processing and 

storage of data/images etc. Several studies have been 

performed on donor-acceptor type molecules with 

conjugated chain in between and their NLO properties 

[13-19]. Theoretical methods such as quantum chemical 

methods play an important role for the prediction of NLO 

properties of a material and its suitability for photonic 

applications. 

TATB, a 1,3,5-triamino-2,4,6-trinitro substituted 

benzene,  is a high energy material and has attracted 

substantial interest recently due to its stability under 

thermal, impact or shock initiation conditions and may 

have high NLO properties [27-42]. Due to various 

competing effects such as electron transfer between 

amino and nitro group, hydrogen bonding between these 

groups and sterric effect, it is difficult to determine the 

structure of TATB [34-36,43]. Both planar as well as 

nonplanar structures of TATB are suggested. Planar 

structure of TATB, predicted by X-ray crystallographic 

study, has been confirmed using Hartree-Fock and Local 

density functional methods [43,44]. Voigt-Martin et. al. 

have reinvestigated the structure of TATB using electron 

diffraction, high resolution imaging, simulation of 

electron patterns and images and packing energy 

calculations [30]. Several theoretical studies have also 

been performed which have focused largely on push-pull 

and/or steric effects to determine the molecular structure 

of TATB [34,36,43]. Roszak et. al. have studied the 

molecular structure of TATB monomer and dimer using 

MP2 and Density Functional Theory (DFT) method with 

different exchange and correlation functionals and 

various basis sets [32]. Gee et. al. have presented all-

atom force field for TATB using high level ab initio 

single point energy calculations of TATB dimmers [45]. 

The aim of this work is to study TATB molecule 

at various levels to obtain vibrations and nonlinear 
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optical properties at different level of theory. 

2. Computational details 

Geometry optimizations were carried out using 

Gaussian suit of program [22]. The geometries of TATB 

molecule have optimized using quantum chemical 

methods with different basis set. DFT with B3LYP, 

B3PW91 and PBEPBE exchange and correlation 

functionals have been used for the geometry 

optimization of TATB molecule. Using these 

calculations we decided the level of theory at which 

TATB molecule show the lowest energy and the 

minimum energy structure. These minimum energy 

structures are then used to calculate NLO properties of 

TATB at various levels of theory. 

3. RESULTS AND DISCUSSION 
 

We first optimized the geometries of TATB molecule 

at different levels to obtain the lowest energy structure. 

We have used DFT method with different exchange and 

correlation functionals. It is found that the TATB 

molecule shows the lowest energy at B3LYP/6-

311++G** level among different levels of theories used 

here. Table I represents bond lengths and angles for 

TATB at different levels used here alongwith the 

experimental determinations [17].  
 

 
 

 

Table 1. Geometrical parameters for TATB obtained 

using different methods with 6-311++G** basis set 

alongwith experimental values. Bond lengths in Å and 

angles in degree. 

 
Bond 

length/angle 

B3LYP B3PW91 PBEPBE HF Expt.*

  

C-C 1.395 1.392 1.400 1.386 1.397a 

C-H 1.084 1.085 1.092 1.075 1.102a 

C-N (C-

NH2)  

1.327 1.323 1.333 1.325 1.314 

C-N (C-

NO2) 

1.436 1.430 1.439 1.440 1.419 

N-O 1.242 1.237 1.256 1.194 1.243 

<C-C-C 120 120 120 120    ---- 

<C-C-H 120 120 120 120    ---- 

We have also used here various basis sets viz. 6-311G, 

6-311+G, 6-311+G*, 6-311++G*, 6-311++G** with 

different methods to obtain NLO properties of TATB. 

We have applied Finite-Field of different strength either 

in X, Y or Z direction for the TATB molecule to decide 

the suitable field strength in order to obtain the numerical 

stable hyperporizabilities. The geometries of TATB 

optimized at B3LYP/6-311++G** level have been used 

here since at this level of theory TATB molecule shows 

the lowest energy among different levels used here. Once 

the suitable field strength is decided to prevent the 

numerical instability, we then obtained 

hyperporizabilities of TATB using different methods and 

basis sets. Figure 2(a) and 2(b) shows the variation of β 

and γ respectively of TATB with field strengths applied 

either in X, Y or Z direction using the Finite-Field 

method. In Fig. 2, the hyperpolarizability values after 

certain field strength are the large negative values which 

are not shown in Fig. 2. We have shown only positive 

values in Fig. 1. Figure 2 shows that the necessity of 

applying different field strengths in order to avoid the 

numerical instability. From Figure 2, it can be said that 

TATB molecule shows numerical stable 

hyperporizabilities at a certain range of field strength 

applied either in X, Y or Z direction. Therefore we have 

chosen field strength of 0.008 a.u. to calculate the 

hyperporizabilities of TATB using different methods and 

basis sets. We have obtained hyperporizabilities using 

different levels of theory in addition to B3LYP/6-

311++G** level with field strength of 0.008 a.u. applied 

either in X, Y or Z direction. We can consider 

hyperporizabilities obtained at B3LYP/6-311++G** 

level as the reference since at this level of theory the 

TATB  molecule show the lowest energy, geometrical 

parameters and vibrational frequencies are in excellent 

agreement with the experimental determinations.  

 

 
     Fig. 2 Variation of β and γ for TATB with field 

strength at B3LYP/6-311++G** level. 

  

 The β values are zero irrespective of the level of 

theory and direction in the applied field. However γ 

values are nonzero for TATB as can be seen from Fig. 3. 

Figure 3 shows the variation of γ of TATB obtained 

using different methods and basis sets with field strength 

of 0.008 a.u. applied either in X, Y or Z direction. 
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Fig. 3 Variation in γ for TATB obtained using various methods 

and basis sets using field strength of 0.008 a.u.. 

 

4. CONCLUSIONS 
NLO properties of TATB molecule are studied 

systematically. The field is applied either in X, Y or Z 

direction. TATB shows zero β values irrespective of the 

applied field direction. There is no large change in β 

values of TATB. However a significant increase in β 

values is obtained for the field applied in X direction. 

Large γ values are also obtained for the TATB. Among 

different levels of theory used here for obtaining the 

hyperpolarizabilities, MP2 level shows higher β and γ 

values than the DFT method with different exchange and 

correlation functionals. The optimized geometries 

obtained at B3LYP/6-311++G** level of theory are in 

excellent agreement with the experimental 

determinations.  

REFERENCES 

[1] (a) Bosshard, C.; Sutter, K.; Preˆtre, P.; Hulliger, J.; 

Flo¨rsheimer, M.; Kaatz, P.; Gu¨nther, P. Organic 

Nonlinear Optical Materials Vol. 1; Gordon & Breach: 

Amsterdam, 1995. (b) Meyers, F.; Marder, S. R.; Perry, 

J. W. In Chemistry of AdVanced Materials: An 

OVerView; Interrante, L. V., Hamden-Smith, M. J., 

Eds.; Wiley-VCH: Weinheim, Germany, 1998. 

[2] (a) Zyss, J.; Ledoux, I. Chem. ReV. 1994, 94, 77. 

(b) Verbiest, T.; Houbrechts, S.; Kauranen, M.; Clays, 

C.; Persoons, A. J. Mater. Chem. 1997, 7, 2175. (c) 

Alcaraz, G.; Euzenat, L.; Mongin, O.; Katan, C.; 

Ledoux, I.; Zyss, J.; Blanchard-Desce, M.; Vaultier, M. 

Chem. Commun. 2003, 2766. (d) Srinivas, K.; Sitha, S.; 

Rao, J.; Bhanuprakash, K.; Ravikumar, K. J. Mater. 

Chem. 2006, 16, 496. Kang, H.; Evmeneko, G.; Dutta, 

P.; Clays, K.; Song, K.; Marks, T. J. J. Am. Chem. Soc. 

2006, 128, 6194. 

[3] van der Boom, M. E. Angew. Chem., Int. Ed. 2002, 

41, 3363-3366. 

[4] van der Boom, M. E.; Marks, T. J. Layer-by-Layer 

Assembly of Molecular Materials for Electrooptical 

Applications. In Polymers for Microelectronics and 

Nanoelectronics; Lin, Q., Ed.; ACS Symposium Series 

874; American Chemical Society: Washington, DC, 

2004; pp 30-43. 

[5] D.F. Eaton, Nonlinear optical materials, Science 253 

(1991) 281–287. 

[6] W.D. Cheng, K.H. Xiang, R. Pandey, U.C. Pernisz, 

Calculations of linear and nonlinear optical properties of 

H-silsesquioxanes, J. Phys. Chem. B 104 (2000) 6737–

6742. 

[7] P. Hermet, G. Fraysse, A. Lignie, P. Armand, P. 

Papet, Density functional theory redictions of the 

nonlinear optical properties in a-quartz-type germanium 

dioxide, J. Phys. Chem. C 116 (2012) 8692–8698. 

[8] C. Hättig, H. Larsen, J. Olsen, P. Jorgensen, H. Koch, 

B. Fernández, A. Rizzo, The effect of intermolecular 

interactions on the electric properties of helium and 

argon. I. Ab initio calculation of the interaction induced 

polarizability and hyperpolarizability in He2 and Ar2, J. 

Chem. Phys. 111 (1999) 10099–10107. 

[9] R. Horikoshi, C. Nambu, T. Mochida, Metal-centered 

ferrocene clusters from 5- ferrocenylpyrimidine and 

ferrocenylpyrazine, Inorg. Chem. 42 (2003) 6868–6875. 

[10] N.J. Long, C.K. Williams, Metal alkynyl r 

complexes: synthesis and materials, Angew. Chem. Int. 

Ed. 42 (2003) 2586–2617. 

[11] N. Islam, S. Niaz, T. Manzoor, A.H. Pandith, 

Theoretical investigations into spectral and non-linear 

optical properties of brucine and strychnine using density 

functional theory, Spectrochim. Acta A 131 (2014) 461–

470. 

[12] M. Kauranen, T. Verbiest, A. Persoons, Second-

order nonlinear optical signatures of surface chirality, J. 

Mod. Opt. 45 (1998) 403–423. 

[13] P. Fischer, F.W. Wise, A.C. Albrecht, Chiral and 

achiral contributions to sum frequency 

generation from optically active solutions of binaphthol, 

J. Phys. Chem. A 107 (2003) 8232–8238. 

[14] S. Sioncke, T. Verbiest, A. Persoons, Second-order 

nonlinear optical properties of chiral materials, Mater. 

Sci. Eng. 42 (2003) 115–155. 

[15] F. Hache, Quantum calculation of the second-order 

hyperpolarizability of chiral molecules in the ‘‘one-

electron” model, J. Phys. Chem. A 114 (2010) 10277–

10286. 

[16] P. Fischer, F. Hache, Nonlinear optical spectroscopy 

of chiral molecules, Chirality 17 (2005) 421–437. 

[17] Tamagawa, K.; Iijima, T.; Kimura, M. J Mol Struct 

1976, 30, 243. 

[18] Kimura, K.; Kubo, M. J Chem Phys 1960, 32, 1776. 

[19] Karle, I. L. J Chem Phys 1952, 20, 65. 

[20] Soscún, H.; Hernández, J.; Escobar, R.; Toro-

Mendoza, C.; Alvarado, Y.; Hinchliffe A. Int J Quant 

Chem 2002, 90, 487. 

[21] Zhu, W.; Wu, G.; Jiang, Y.  Int J Quant Chem 2002, 

86, 347. 

[22] Gaussian 03 (2004) Frisch, M. J.; Trucks, G. W.; 

Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; 

Cheeseman, J. R.; Montgomery, J .A Jr.; Vreven, T.; 

Kudin, K. N.; Burant,  J. C.; Millam, J. M.; Iyengar, S. 

S.; Tomasi, J.; Barone, V.; Mennucci, B.; Cossi, M.; 

Scalmani, G.; Rega, N.; Petersson, G. A.; Nakatsuji, H.; 



 

    Journal of Advances in Applied Sciences and Technology  (2022)         Vol. 8|Issue 1|        Page 66-69 

Deshmukh V.P.                                                                                                                                                              69 

 
  

Hada, M.; Ehara, M.; Toyota, K.; Fakuda, R.; 

Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; 

Kitao, O.; Nakai, H.;  Klene, M. Li. X.; Knox, J. 

E.;Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, 

C.;  Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; 

Yazyev, O.; Austin, A. J.; Cammi, R.;  Pomelli, C.; 

Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G. 

A.; Salvador, P.;  Dannenberg, J. J.; Zakrzewski, V. G.; 

Dapprich, S.; Daniels, A. D.: Strain, M. C.; Farkas, O.; 

Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; 

Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; 

Clifford, S.; Cioslowski, J.; Strfanov, B. B.; Liu, G.; 

Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R. L.; 

Fox ,D. J.; Keith, T.; Al-Laham, M. A.; Peng,  C. Y.; 

Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; 

Johnson, B.; Chen, W.; Wong,  M. W.; Gonzalez, C.; 

Pople, J. A.; Gaussian Inc.: Wallingford, CT. 

 

 


