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f compounds that has been known for decades. There s,

ofbenzene, borazine is a class 0
investigation on its applications except for its use as ceramic BN

however, rarely any
precursors
Molecules are the promising materials for the d
This is due to the fact that they have large nonlinear optical (NLO) response with an
applied field [1-3]. First and second hyperpolorizabilkies of molecules are the origin of
macroscopic second and third nonlinear optical response of molecules to the applied

field. The possible applications of the NLO materials are in the development of photonic
ges, optically based computers

evelopment of photonic devices,

devices, optical processing, optical storage of data/ima

and telecommunication systems etc. [4-1 3]. Extensive efforts have been made to
understand the NLO properties of donor-acceptor type molecules with conjugated chain
in between [14-20]. Theoretical prediction of NLO properties of molecules and their
suitability for the photonic applications can be tested with the help of quantum chemical
methods. Once a suitable material is found with high NLO properties, one can go forits
svnthesis.

Borazine, the inorganic analogue of benzene, can be obtained by replacing each
carbon with alternating boron and nitrogen atom. Borazine has been known for more
than 30 years.The inorganic analogue of benzene is the borazine which can be obtained
by replacing each carbon with alternating boron and nitrogen atom. Borazine is more
reactive than the prototype of aromatic systems. The vibrational spectrum of borazine
was examined by Niedenzu et al. using isotropically labeled derivatives and identified the
two B-N ring vibrations at 1465 and 1406 cm™.[21] Johnson and Zoellner have
investigated the novel conformers of smallest possible borazine-fused Cyclacenes, Cyclo-
BN-anthracene and Cyclo-BN-tetracene using Hartree-Fock and density functional theory

and determined their structure and properties.[22] Erkoc has used the semiempirical
molecular orbital self consistent field calculations at AM1 level within RHF formulation
for the investigation of structure and electronic properties of borazine cyclacenes and
found that the structure becomes more exothermic with an increase in number of borazin®
rings in the areniod belt.[23] The evidence for the ionic nature of B-N bond has beet

provided by Shen et.al. by studying the electronic structure, geometries and aromacity of
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was studied by Miao et.al and found thal the electron withdenwlng substiuents have
swronnen DN=T-N wherenas for

shortened the B<N bonds, decrease the DI JN=13 nnd inere
a the opposite s true.| 25 Ab initio nid 56 o enleulntions
have been performed by Byod etal. for benzene, s-rinzine, borazine and bornxine [ 26|

They found that the delocalization ol the D-clectrons dec swensed nnd the polarity ofring,
in tho ring become more scisnimilar, The

the electron donating substituent

bonds increased by substantially as (he ntoms
1 the carbon eyelneene und borazine cye lncene hive been compared

ory caleulations | 27]
wlpr structure,

aromacities betwee
by Yang te.al, using ab initio and density functional the
The im of this work is to study the optoelectronicapplications,nie )l

vibrational assignment and nonlinear optical propertics of b wazine using density functional

theory method.

Methods
The Density Functional Theory (DFT) with BILY PP exchangie and correlation

functional has been used for the optimization of borazine, We have used amino groups s
adonor and -NO,, -Ca"N, -COCl and -NMg, groups as acceptors, These molecules
arc optimized at B3LY P/6-3 1 1-4--G** level of theory. The geometrical parameters of
borazine at this level are compared with the available experimental determinations,™*!)
The vibrational frequencies are also obtained at the sume level of theory. A scaling factor
0f0.97 has been used for the vibrational [requencics, The vibrational frequencies off
borazine are compared with the available experimental determinations,™ The static
hyperpolarizabilitics & and & are calculated using the Finito=Field method " The field is
applied either in X, Y or Z direction. The stable hyperpolarizabilitics are obtained using,
different field strengths to avoid numerical instability. The static hyperpolarizabilitics f and
dare also obtained for various methods and basis sets for the fixed field strength, Time
dependent density functional theory (TDDFT) method has been used to obtain the
absorption spectra of the molecules. All the caleulations are carried out using Gaussinn

03 suit of programme.[28]



" Jnnnie | XXV, Vol . VI
lt:,fw UNIVEEHBAL fEaEARG | ANALY 1%

esnlt nnd Discunslon
e optimbzed lraelureso

omeltienl parameters e rep
Al (e calenlnted geometrical parsineters for hotizine

K[l fmental determinntions | 2611 e

IS5 22704418
G, 2077 1 Ve sy ’
: ¥

Tl I i ,Y'i/“ TEERL jee ""/"lIll!’,f',hllf//”'”,

[ horizi
centedd i Table T alongewrith the nunifibg,

(g, | i g

axperimentnl vatlues for bornzing

wment with (he aynllnhle
aited by 0,000, 0,000, 0,011 aud 0.005 A for

NO L CiN, COCand NMe, num't'«'pml‘mmum|v,t1|w,u|ivulyinlunn'/,im:!//uhu” 4
i ' | ;
lenpth It ahortened by 0,01 1, 0,000, 0,01 and 0,007 A for O |

with NI, s donon 1 here s almost neo

are dn excellent e
calentated hond length of 11N i elon

donor, The D=1 hond
CaN, COCHand NMe, s aceeptors in bornzine
chinge i the NI hond length i horazine upon donor and neceptor aubstitition, The
CaN bond Tength in NI CN [ 15 A wheren (
118 A reapectively in N - 'OC] An enn be seen NN angle s e
and 0.3 i NEHL-BNO, ind NI, 1-CN respectively than the borazine, TN I angle s
inereased by 11 and 0.3 in N <B=NO), and NI 13- CN renpectively than the horazine,
[13-N anple i incronsed by 0,47 in NH=B=NO, and decrensed by 0.2, 0.5 and 04"
NIL=13-CN, NIL=B-COCTand NH -B-NMe, respectively than the borazine, AIFEH

13 angles nre decrensed by 0,9, 0,7, 0.8 and 0,2 respectively in NO,, Ca” N, €O T and
NMe, asncceplors in borazines than the borazine, ‘The caleulated dipole moments are
aubmtituted

LOLCLO bond Dengths are 1,62,
wereased U"/ |

listed in‘Table 1, The dipole moment of borazine is clotie 1o zero wherens the

borazines have large dipole moment, _?

.




o Jssue < XXV, Vol . VI m ISSN 2
229-
/_,,ELE*E‘LL Syt EmTa e -
25

E,%’ZE UNIVERSAL RES
U \g-‘-\

[nfrared spectra
The calculated and cxpcnmcntal vibrational frequencies for borazinc are in excellent
agreement. Comparative vibrational spectra of borazine is shown in fig. 2. As can b
seen from F ig. 2, the vibrational spectra of borazine has three vibrational modes of significant
IR intensity. The most intense modeisthe B-N stretching mode observed at 1435 cm’!
whichisin close agreement with the cxpcrimcmal valucof 1456 cm!. Other than this, the
B-H stretching and N-H & B-H out-of-planc stretching modes are the second and third
intense modes respectively appeared at 2533 and 005 cm'. These two modes are also
in close agreement with the expen'mental determination of2520and 927 e respectively.
Also. theN-H out-of-plane stretching and N-H stretching modes are also intense and
appeared at 703 and 3521 om! respectively.
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Fig. 2
Table 1 Optimized geometries for borazineat B3LYP/6-31 14++G** level alongwith
ebye.

experimental values. Bond lengths in A, anglein degrees and dipole momentind
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| Par S | Expt.* | Borazine
| Parameters | p | (B3N3H6)
BN (14360004 | 1.431
B-H 125820020 | 1.191
~N-H 11,030 £0.020 | 1.008
N-BN 117.7 £2.0 117.0

| <B-N-B 1'121.1 2.0 122.9

a {H_B_\\' 3 S 12]4

| <H-N-B L - : 118.5

' Dipole moment | -—- 1 0.01D

Abbreviztion: B- BN H," Experimental values from ref[26].
Nonlinear Optical Properties
The static hyperpolarizabilities (B and v) have been calculated by using energy
based equations. We have used the finite field method, for obtaining the hyperpolanzabilities.
First we applied different field strengths to calculate p and y and to avoid numerical
instability. Since the finite field equations are sensitive to the precision in the energy
calculations. We have also used fi and v for various methods and basis sets. The optimized
’ structures at B3LYP/6-3114+G** level of theory is used for f and y calculations since at
this level of theory, the geometrical parameters and vibrational frequencies for borazine
are in excellent agreement with the available experimental determinations. To obtain p
and y using various basis sets and methods, the field strength is kept fixed. We have
applied ficld either in X, Y or Z direction to study the hyperpolarizabilities by applying the
field in different direction.

Figure 3 shows the variation of  and @ with field strengths for borazine. Borazine
show numerically stable hyperpolarizability about field strength of 0.006 a.u. applied
cither in X, Y or Z direction. Therefore for the calculation of 4 and 3 using various methods
and basis sets, the field strength of 0.006 a.u. is used applied in X direction since application

of field in X direction gives higher Bandy thanY or 7 direction.

Figure 4 shows the variation of B and ¥ for borazine obtained using different
methods and basis sets with the field of 0.006 2.y applied in X-direction. In the Fj g4

when diffuse function are added to the 6-311G basis set, the magnitude of 4 and 4
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obtained using different methods changes significantly. T ‘he magnitude of }is higher where
there is no inclusion of diffuse function in the bhasis set. The values of f obtained using
MP2 are slightly higher than the DFT method. The correlation effect by the MP2 method
increases the p at the HF level. The f values using DFT with different exchange and
correlation functional viz. PBE1PBE, PBEPBE, B3PW91 and BLYP are nearly equal
for all the basis sets with the same method. As seen in Fig. 4(b) when diffuse functions are
added to the split valence triple zeta basis set (6-311G), the magnitude of 7 obtained
using different methods changes si gnificantly. The 7 obtained by adding diffuse and
polarization functions to the 6-311G basis sets are found to be higher than those with the
6-311G basis set for all the methods used here. The correlation effect by the MP2 and
DFT method increases the v at thc HF level. For both fp as well as 4, the basis set effects
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Conclusion

We have performed optoelectronic applications by DFT calculations and also
the study of first and second hyperpolarizabilities (B and y) of borazine. The optimized

geometries and vibrational frequencies for borazine are i excellent agreement with th
ith the

available experimental determinations. The B-N stretching mode observed is the most
os

intense vibrational mode for borazine molecule and is in the excellent agreement with the
experimental determinations. The substituent effect on NLO pro S ———
been investigated by using finite field method. The 4 and 5 values are calculated at field
strength 0f0.006 a.u. for borazine using different methods and different basis sets. The
NO, as acceptor and NH, as donor gives highest p and y values among the substituents
used here at B3LY P/aug-cc-pvdz level of theory. A large change in dipole moment is
observed upon donor-acceptor substitution in borazine,
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