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The ool mm conmenty. varioue bmding of TUNQ componnd have heen performed using ,](,,",v"
wrommtromal theorn DD T1 method wirh 6 174, () hoacic cot The intermalecular interaction in the r(-/V(} W(‘r’(

e 2y e NRO aimh The NLO activiny of moleonle was « onfirmed by theaoretical calculation

Nev woards TONQ. DEFT.NBO, SHG. NLO
I.Intreducthion

The nonlimear optical (N1.O) materials have attracted great attention owing to their wide range of
potential apphication in the recent technologics such as laser, optoelectronics, optical communication and
data storage svstem (1)Kajzar et al., 2003). Recently advance in the design of novel organic molecules
containing clectron donor and electron acceptor moieties have aroused renewed interest in 7,78 3
tctracvanoquinodimethane (TCNQ) and its, derivaties (2) Nalwa et al.,1997). The present study 15 to
understand the structural analysis of 7,7,8,8-tetra cyanoquinodimethane (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 calculation. The quantum chemical
calculations were performed by applying DFT method with Becke3-Lee-Yang-Parr (B5LYP)
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 carried out with the aid of VEDA
program. The polarizability first and second order hyperpolarizability were calculated using Gaussian 09
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.1.1.
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 Eet UL el
be 1.352A Normally C = C bond Jength of quinone
ring is 1.322A . This increase in bond length is due to
the poor = 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
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blete). | | Al com w-C-Crodihedral angles are 0% and 180° ‘
JoV pont vibrational ene ponnds poseess perfect ca-planar nature. |
: 2 energy sho e planar nature. ‘The caleulated value of
11— \ ore NV O active nature of TCNO). ¥ \
3.2 NBO analysis |
The DET level computation | . |
jarge number of stabihizing mls"r | Lo “c‘."‘ used to predict the delocalization or hyperconjugation. A ~
deri\'nti\'cs. most of \hcmbl» “ " ‘mm.m\“m“ nre observed in the 7'7'“'“"C""('y;mml“in“dimc‘h;mc \
e B s Tie ind catce n m\h‘\:ik\.k.‘; \'.u'm:\\ Nl!()s and a few hetween terminal or remote orbital. A \
! cly intense interaction between the clectron danor and acceptor (3] \

The mtramolect ' i

: 3 lar interaction are forme [ -C A

antibonding orbital which result it n Tored b e o ranefr ( i Saihsaion of |
qstem. These interactions S v an intramolecular charge transfer (1CT), causing stabilization of the |
o'ﬂ“m]g e '.;‘:\:tf\.l\scrvcd as an increase in clectron density in C-C, and C-N anti bonding

C e nito weahen e .chclwc bonds. In TCNQ the most intra molccular interaction energy in 6(Cy-
ct:bilimtion cnergy ¢ & Fi (Cn-Cha) leads to the sabilization energy of 19.6 kJ/mol respectively. The

sabilizat gy contribution from the o(Cy-Cs)—0*(Cs-Co) interactions is 1.6 kifmol. The high
cabilization energy shows more NLO nature of TCNQ ' .

33 Charge analysis
\J

The charge distribution of molecules have significant influence in vibrational spectra. In TCNQ,
the carbon atoms Ci,C2, C (and C s show low negative charge. This indicates the poor & electron
system in quinone ring. In .C 12, C 14, C17and C g there is high positive charge due to the presence of
pitrogen In the CorresPondmg carbon atoms. Due to the accommodation of electron at N 13, N s, N
and N x atoms have high negative charge . All the hydrogen atoms in TCNQ have positive charge.

‘34NLO Calculation

der hyperpolarizability are calculated based on the

The average polarizability linear second or
d order hyperpolarizability o

.,, finite field approach[4,5,6]. The calculated secon f TCNQ. The mean 1
. polarizability of TCNQ is 49.29% 107%. The first order hyperpolarizability measures the NLO activity of \
CNQ is 16.33x107. The second order ‘

" the molecule. ‘The first order hyperpolarizability of T
’ hyperpolarizability is found to be 1.458x107%. The calculated value of polarizability, first and second |
order hyper polarizability shows more NLO active nature of TCNQ compounds. \
. |

~ 4. Conclusion
d vibratienal spectra were in good agreement

C,,C3,Ca in TCNQ indicates poor T \
nteraction of NLO compounds such as \
theoretical techniques.All the results
g candidate for future nonlinear optical

The computed molecular structure geometry an
 with experimental results. The low negative charge atCi,C
i electron system. The structural activity and charge trandfer 1
. 1,1,8,8-tetra cyano quino dimethane were perfonned usin.g'

conclude that 7,7,8,8 tetra cyano quino dimethane is a promisin

‘ material.
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