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Nonincar Optical Activity Stndy on 7,7,8,8-Tetra (yann Quino Dimethane 

Ahsract 

""Drr iml o/ h A fsehm A olle ge. lhit wvithan Code.629174. TumiiNd. 
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fun, tho ol th7} ethot h 6.21/G lp) boit tct lhe intcmolecular interactinn in the TCNO wee 

he wors TNQ. DIT NBO, SUi: NLO. 

1. Intmduction 

V.h.Sma', D.Arullhas 

The nonlncar optical (NLO) materials have altracted great attention owing to their wide range of 
potential applhcation in the recent technologics such as lascr, optoelectronics, opical communication and 
data storagc system (1 )Kajzar ct al., 2003). Recently advance in the design of novel organic molecules 
containing clectron donor and clectron acceptor moieties have aroused renewed interest in 7,7,8,8 

1etracvanoquinodimethane (TCNQ) and its, derivaties (2) Nalwa ct al., 1997). The present study is to 
understand the structural analysis of 7,7,8,8-tctra cyanoquinodimethanc (TCNQ) using theoretical 

studies. The literature review reveals that there is no detailed study on computational techniques for the 
structural analysis of 7,7,8,8-tetra cyanoquinodimethane has been performed. 

2. Computational Methods 

Gaussian 09 software package as used for theoretical caleulation. The quantum chemical 
calculations were perfomed by applying DFT method with Becke3-Lee-Yang-Parr (BSLYP) 
supplemented with the standard 6-311G(d,p) basis set. The optimized geometry corresponding to the 
minimum on the potential energy surface has been secure by solving self-consistent field equation 
iteratively. The detailed interpretation of the vibrational spectra was caried out with the aid of VEDA 
program. The polarizability first and second order hyperpolarizability were calculated using Gaussian 09 

6 software package at B3LYP/ 6-311 G(d,p) basis set level. 

3.Results and Discussion 

3.1 Optimized geometry 

The optimized molecular structure of TCNQ with atom numbering scheme are shown in fig.l.1. 
The molecular structure of TCNQ consist of quinone ring and dicyano methane geometry. The calculated 
C-C(C,-C,C4-Cs) bond length of TCNQ is found to 
be 1.352Å¢ Normally C = C bond length of quinone 
ring is 1.322A. This increase in bond Jength is due to 
the poor n electron orbital system of the quinone ring. 
It makes small positive charge in the ring carbon. All 
the C= N bond length is observed as 1.156 A, which 
shows electron withdrawing nature of the cyano group 
and creates high negative charge in cyano nitrogen 
atoms. So the cyano group shows high NLO active 
nature similar to the title compound. 

Figure 3.1 Optimized structure of 7,7,8,8-tetra cyanoquinodimethane 

wmfrmd bv ne AR) lhe N) oci of molcoule wo (onfrm cd by theoretical calculation 



In Cs-Co-C1-C1, C-CrCh-.nnd Ca.(,.(C,Ch. (,CCu-Cudihcdral angles are 0 and To0 
(Table.lc), which indicates that all conyounds ssess ertect co planar nature. The calculated value of 
Jow zero pont vibrational cnergy shos moe NI )acive nature of I( NO. 

3.2 NBO analysis 
The DFT level computation has been uscd to pcdict the delocalization or hyperconjugation. A 

large number of stabilizing orbital intenctions re observcd in the 7.7.8,8-tctracyanoquinodimcthane 

derivatives, Most of thcm betwen vicinal NBOs and a few betwccn terminal or remote orbital. A 

largc E*'valuc indicates a relatively intensc interaction betwcen thc clcctron donor and acccptor (3. 

The intramolecular interaction are forued by the orbital overlap bctwccn C-C bonding and C-N 

antibonding orbital which result in an intramolecular chargc transfer (1C), causing stabilization of the 

S'stem. These intcractions are observed as an incrcase in clcctron density in C-C, and C-N anti bonding 

orbitals that weaken the respective bonds. In TCNo the most intra molccular interaction energy in o(C& 

Cu) bond to antibonding o( Cu-Ch4) lcads to the stabilization energy of 19.6 kJ/mol respectively. The 

33 Charge analysis 

The charge distribution of molecules have significant influence in vibrational spectra. In TCNQ, 

the carbon atoms Ci, C2,C4and C s show low negative charge. This indicates the poor T elecron 

Svstem in quinone ring. In C 12,C 14 ,C 17 and C 19 there is high positive charge due to the presence. of 

nitrogen in the coresponding carbon atoms. Due to the accommodation of electron at N 13, N Is,N 8 

and N 0 atoms have high negative charge. All the hydrogen atoms in TCNQ have positive charge. 

3.4 NLO Calculation 

NANONA. M:MIVRON1UNONA. MhRI1.S AND ITS APLICATIONS 

The average polarizability linear second order hyperpolarizability are calculated based on the 

: finite field approach[4,5,6]. The calculated second order hyperpolarizability of TCNQ. The mean 

polarizability of TCNQ is 49.29x 10, The first order hyperpolarizability measures the NLO activity of 

the molecule. The first order hyperpolarizability of TCNÌ is 16.33x10. The second order 

hyperpolarizability is found to be 1.458x10, The calculated value of polarizability, first and second 

order hyper polarizability shows more NLO active nature of TCNQ compounds. 

4. Conclusion 

The computed molecular structure geometry and vibratienal spectra were in good agreement 

with experimental results. The low negative charge at Ci,C 2 ,C3,C4 in TCNQ indicates poor t 

1 electron system. The structural activity and charge trandfer interaction of NLO compounds such as 

. ,1,8,8-tetra cyano quino dimethane were performed using theoretical techniques.All the results 

Conclude that 7,7,8.,8 tetra cyano quino dimethane is a promising candidate for future nonlinear optical 

material. 
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stabilization energy contribution from the o(C,-C)-*(C+C) interactions is 13.6 kJ/mol. The high 

stsbilization energy shows more NLO nature of TCNO 
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