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DOC-20231109-WAO.. 
Abstract 

The geomeiical parameters, difleren inter and intra molecular interactions of 

2,2-Benzene -2, 4-diylbis(imino aceto nirile) (BDIN) and its water complex 

(BDIN.H;0) has been perforned using density unctional theory (DFT) 

nethod with 6-311++G(D.P) basis set. Nalural bonding orbital (NBO) 

analysis and optimized molecular structure show the clear cvidence for 

clectronic interaction of with in the molecules. HOMO0- LUMO energy gap 

local sofness and clectrophilicity indices selccted atomic site of the BDIN and 

its water complex were determined. The first and second order 

hyperpolaristability confirm the NLO property of the Molecules. 

Keywords:DFT:NBO;HOMO-LUMO;NLO. 

1. Introduction 
Non-linear optical (NLO) materials have recently engaged a lot of 

concentration due to their potential use in the fields like laser technology, 

opical communication, opical data storage and optical signal processing. In 
this respect organic nonlincar optical materials are found to have high 

nonlinear coefficient equated to those of inorganic materials. In he present 
work he structural analysis of NLO compound 2,2-Benzene-2, 4 

diylbis(imino aceto nitrile) (BDIN) and its water complex (BDIN.H,O)have 

been perfomed. The review of literature explore that there is no detailed 
theoretical spectroscopic study on BDIN have been performed. This 
encourages performing the structural analysis of BDIN and BDIN,H20 

complex compounds. In he present investigation, the structural and spectral 

analysis of the NLO compounds BDIN and BDIN.H20 complex have been 
selected for comparative study, and their calculations were performed with the 
belp of density functional theory (DFT) approach. BDIN and BDIN.H20 
complex has been selected to compare the structure activity, relationship and 
NLO activity by computational mcthods. 

2. Compulational methods 

Gaussian 09 sofiware package as used for theoretical calculation. 

The quantum chemical calculations were performed by applying DFT method 
with Becke3-Lee-YangParr (B3LYP) supplemented with the standard 6 

311G(d.p) basis sel[1]. The optimized geometry coresponding to he 
minimum on the potential energy surface has been sccure by solving sclf 
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consivent field eyuation iteratively. The natural bonding orbital (NBO) 
cakulations were perfomed using NBO 3,1 (2) prgram and were 
implemented in the Garsion ufiware. HOMO- LUMO energy gap kcal 
fines and eletruphilicity indices elected alomic site of he BDIN and its 
waler cumplex was prepared by ing the gassum 2.2 program. The 
hyperunjugative interaction energy ws deduced from he second order 
peturtation appruach |3). The polarizab1lity firt and second order 
hyperpolarizability were calculased using Gaussian 09 software package at 
BA.YP/ 6-301 Gtd.p) hasis yet level. 

3 Result and Discussion 
Optimizcd geomctre of the compound BDIN and BDIN,H;O complex 

with atom numbering scheme adoptcd in the computation are shown in fig.l 
and 2 

Fig 3.1. Optimized structurr f A, BDIN and BDIN.H,O complkx 
In BDIN and BDIN.HO, both intcr and intera molecular hydr 

bonds can be deseribed as H-donor X-H and H-acceptor(y). In BDI 
BDINH0, bodh inter and intera molecular hydrogen bonds can be describ 

as H-donor X-H and H-acceptor(y). In BDIN.H20 complex C4-H9 bond 
length is increased when compared with BDIN. This is duce to C4-H9...021 
hydrogcn bonding interaction. The corresponding stabilization energy is 60 
kJMol-1. In BDIN and BDIN.H20 complex the ring C-C-C bond angle is 120. 

This indicates Ring is perfccly aromatic nature. The C2-C2-C3-C16,C2-C 

Có-CII Dihydral angle is o and 180. This shows tide molecule is perfectly 

planar nature. The calculated value of electrophilicity index 3.84, which shows 

more NLO active ature of BDIN WATER complex while comparing with 
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BDIN (2.35). Thc clectric.ficld induced second-order hyperpolarizability. g (-2) for BDIN and BDIN.H20is found to be 10.684 X 10 and 14.8I3 X 10" 
c.s.u. The calculalcd valuc of olarizability, first and sccond order hyper polanizability shows more NLO xtive nature of BDIN.H;Owhile comparing wih BDIN. 

4. Conclusion 

The theorctically predicted optimized geometry of BDIN and BDIN 
H20 complex by DFT method suggests the possibility of sirong C-H.O 

hydrogen bonding networks. The lowering of HOMO and LUMO energy gap 
of BDIN.H20 complex while compaing with BDIN indicates the charge 

Lransfer interaction with in the molecule by which it leads to an NLO ctivity. 

NBO analysis confim the possibility of strong C-H...0 hydrogen bondng 
networks, While comparing the HOMO and LUMO cnergy gap the lowcring 
of BDIN.H20 with BDIN leads to an NLO activity. The DFT. NBO analysis, 
HOMO-LUMO energy gap, fist order hyper polarizability. and 
clecrophiliciy index shows he BDIN.H20 complex is the more NLO active 

compared with BDIN. 

References 
) Jesintha John C..Xavier T.S, Amalanathan M., Hubert Joe 1. , Rastogi 

V.K.. Spectrachim.Acta A 86, (2012)174-180. 

(2) Frisch MJ et al, GAUSSLAN 09, Gaussian, Inc., Wallingford CT,20 

[3) Tian S., X 2004 J. Phys. Chem. B 08 20388 

CORSIKA based muon ratio at DEASA detectors for a proton 

primary in Quark Gluon String Jet Model. 
Sonai Bhatnapar 
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Insanute Agra. lndkT 

Halilhatxurure dei.uc.in 
Abstract 

Cosmic ray particles with energy >10eV can be measured by the extensive 

air shower phenomenon. An extensive air shower is generated when a highly 

energetic cosmic ay cnters atmosphere resulting in soft, hard and nucleonic 

componcnts which can be mcasured by array of detectors on the ground. 

Thesc phenomena have been studied by many groups including Stockholm 
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