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Abstract

The non-linear optical

properties of two Schiff bases,

N-(3,5-dichlorobenzylidene)aniline  (A) and N-(3,5-

dichlorobenzylidene)4-nitroaniline (B) have been studied by ab initio Hartree-Fock method using 6-311G (d,p) basis set. In
this study, we report the dipole moment (u), polarizability (a) and hyperpolarizability () of both compounds. The
hyperpolarizability (B) value of B is much greater than that of the compound A as it is expected because of the strong
intramolecular charge-transfer interaction. The geometrical parameters of the optimized structure of both A and B are
reported here and compared with the available experimental data of the relevant compounds. We also calculated the Apqyx
values of compounds A and B. The UV-visible spectra show that both compounds are transparent in the visible region (>
400 nm), implying non-zero microscopic hyperpolarizability. All calculations have been performed using GAUSSIAN09

programme.
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l. Introduction

Searching for new materials with non-linear optical (NLO)
response is an important research area’. Research in this
area involves design, synthesis and fabrication of materials
exhibiting large second-order NLO response. Numerous
compounds have been studied experimentally as well as
theoretically’® because of its application in optical
computing, telecommunications, optical signal processing,
modulators and second harmonic generators’ . Nowadays,
the researcher are more interested to the NLO organic
materials'*? because conjugated organic compounds have
large NLO response than traditional inorganic materials
such as LiNbOs®, KH,PO,*, LiB3Os™ etc. Organic
compounds for NLO applications have excellent
environmental and thermal stability, high mechanical
strength, low refractive indices and dielectric constants®®.
Organic compounds of NLO activity are generally consist
of m-electron conjugated moiety substituted with an
electron acceptor group on one end and electron donating
group on the other end. Thus it generates a ‘push-pull’
conjugated structure’’. Among organic compounds with
NLO activity, Schiff bases are of special interest because of
their large hyperpolarizability () due to delocalization of
the m-electron clouds™®?%.
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Fig. 1. Chemical structure of the compounds A and B.
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The aim of this study is to investigate the microscopic
nonlinear response of a Schiff base N-(3, 5-
dichlorobenzylidene)aniline (A) and N-(3, 5-
dichlorobenzylidene)4-nitroaniline (B). In this paper, we
present a theoretical investigation of the dipole moment (L),
polarizability (a), hyperpolarizability (8), electronic
properties and UV spectra of the compounds A and B with
acceptor substituent nitro group (-NO,) at para position (B)
and electron donating substituent chloro group (-Cl) at meta
position by ab initio Hartree-Fock method.

Il. Computational Method

Geometries of the two compounds (A and B) were fully
optimized at the ab initio closed-shell restricted Hartree-
Fock (HF) level using the 6-311G (d,p) basis set, where two
polarization functions have been used. Geometry
optimization was taken to be converged if the maximum
force was smaller than 0.000045 hartree/ Bohr and no
symmetry was imposed in the calculation. Electric dipole
moment (W), polarizability (a) and hyperpolarizability (R)
values were calculated at the same level of theory as this
method was found to be appropriate for getting reliable
trends in hyperpolarizability (R) values**?. Electronically
excited state calculations were performed on the optimized
structure by Time-Dependent Density Functional Theory
(TD-DFT) at the 6-311+G (d,p) basis set. All calculations
were performed using GAUSSIAN09? programme.

The average linear polarizability < « > of the compounds
A and B is calculated using the following equation?*

<a>=13axt ay, +a,,)

Values of the average linear polarizability, < a > of the
GAUSSIANO9 output file given in atomic units (a.u.), were
converted into the electrostatic units (1 a.u. = 8.6393 x 10
esu).
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In this study, we report total hyperpolarizability, B, for the
investigated molecules. The magnitude of the
hyperpolarizability tensor is given by the following
equation

Brot = (Bzx + 82y + [322)1/2

Where, By, Bxxya Bxyya Byyy, Bxxzs Bxyz» Byyb Bxzz, Byzz» B2z are
the hyperpolarizability tensor and the magnitude of the

hyperpolarizability, f is as follows?*

Brot = [(Bxxx + Bxyy + szz)2 + (Byyy + Byzz + Byxx)2 + (Bzzz + Bzxx
+ Bzyy)z]llz

The hyperpolarizability values are also converted into
electrostatic units, which is given in the Gaussian output
file in atomic units.

I11. Results and Discussion
Geometric parameters

From the optimized structure of the two molecules, it is
seen that, the molecules are non-planar (Figure 2). It is
found from the compound A that, the two Schiff base
moieties ((C1-C6, N1) and (C7-C13, CI1, CI2)) are inclined
at an angle of 138.4 ° and the compound B, the two Schiff
base moieties ((C1-C7, CI1, CI2, N1) and (C8-C13, N2, O1,
02)) are inclined at an angle of 134.3 °.
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Fig. 2. The optimized molecular structure of the investigated
compounds A and B.

Selected bond lengths and bond angles of the optimized
compounds A and B are given in the Table 1. Investigation
of the bond length of the compounds A and B shows that
the r-bonds are conjugated throughout the structure except
for the N2-C11 bonds (for B). The N2-C11 bond connects
the nitro (-NO,) group with the phenyl ring. All the bonds
(except N2-C11 and C-H bonds for B) show both 7 and o-

bond character. The C-C bond lengths in the phenyl ring
range from 1.375 A to 1.392 A (for A) and 1.374 A to
1.392 A (for B) respectively. The C1-N1, C7-N1 and C7-
C8 (for A) and C8-N1, C7-N1 (for B) bond lengths are
shorter than typical single o bonds. The C-CI bond lengths
in the two compounds are longer than the single ¢ bonds
(see table 1). The C,,2-N bonds between the phenyl group
and nitro group are clearly single ¢ bonds for B. The C7-N1
bond length (1.251 A) of A and B compounds show a
partial double bond character which is also an evidence for
conjugation®?,

Table 1. Some selected bond lengths (A) and bond
angles (°) for the compounds A and B

Compound A
Bond length (A)
C1-N1 1.409 C7-C8 1481
C7-N1 1.249
C10-Cl1 1.741
C12-CI2 1.742
Bond angle (°)
C2-C1-N1 117.6 N1-C7-C8 122.1
C6-C1-N1 122.9 C9-C10-Cl1 119.4
C1-N1-C7 120.3 Cl1-C10-Cl1 119.2
Cl1-C12-CI2 118.7 C13-C12-CI2 119.5
Compound B
Bond length (A)
C8-N1 1.403 C11-N2 1.461
1.416*
C7-N1 1.251 N2-O1 1.187
1.276* 1.225*
C3-Cl1 1.739 N2-02 1.187
1.233*
C5-CI2 1.740
Bond angle (°)
C7-N1-C8 120.1 01-N2-02 124.8
C1-C7-N1 122.3 C4-C3-Cl1 119.3
C11-N2-01 117.6 C4-C5-ClI2 118.7
C11-N2-02 117.6 C6-C5-ClI2 119.6

C2-C3-Cl1 119.4

*experimental values*

The bond lengths of C8-N1 and C7-N1 of the compound B
found in this theoretical work agree well with the
experimental value™. C8-N1 bond length is 0.013 A which
is 0.91% shorter than the experimental value, whereas C7-
N1 bond length is 0.025 A, that is also 1.95% shorter than
the corresponding experimental value.

Linear and non-linear optical (NLO) properties

Conjugated organic molecules containing both donor and
acceptor may exhibit second-order NLO activity, because
of strong donor-acceptor intramolecular charge transfer.
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The intramolecular charge transfer between two groups of
opposite nature i.e., electron donor at one end and electron
acceptor group at the other end of the dipolar organic
molecules may have large hyperpolarizability values, a
direct measure of NLO property. To design a new
compound which may have high hyperpolarizabilities, one
has to investigate the influence of donor-acceptor
substituent position and the computational approach is the
inexpensive way for this purpose before synthesis. In this
study, we have investigated two compounds having only
chloro groups at the one aromatic ring (compound A) and
containing donor chloro- in one ring and acceptor nitro
group at the other aromatic ring (compound B).

Table 2. Calculated electric dipole moments (x) and
dipole moment components of the compounds A and B

Compound m Ly e / DSbye
A -0.71942  -0.64499  -0.04490  2.4585
B 1.62773 -0.39931  -0.03663  4.2610
Electric  dipole moment, hyperpolarizability = and

polarizability values are given in the table 2, 3 and 4
respectively. It is noticed that, compound A has only
electron donor group (-Cl) in one ring having no acceptor
group but compound B contain an electron donor group (-
Cl) in one ring and an electron acceptor group (-NO,) in
another ring. Thus, there should be a strong delocalization
resulting high R values. The hyperpolarizability (Byy), value
of the compound B is much greater than the compound A
(Table 3). Table 2 shows that, the electric dipole moment of
the compound B is greater than that of compound A. The
higher dipole moment values are associated in general, with
lager projection of By, quantities?’. The connection between
the electric dipole moments of an organic compound having
donor-acceptor substituents and hyperpolarizability is
widely recognized in literature? 2% 3032,

Marder et al.**%*, worked on NLO properties of organic

molecule and concluded that, the higher dipole moment
value is related to higher B values. In this study, it is
obtained that the higher hyperpolarizability (%) value of B
corresponds to higher dipole moment value. In this study it
is found that, the polarizability («) value of the compound
B is slightly greater than that of the compound A and is
shown in Table 4.

Table 4. Calculated a components at HF level using 6-
311G (d, p) basis set by GAUSSIAN09 for the
compounds A and B.

<a>x10%
compound Ay ayy Ayy Jesu
A 253.18 166.57 83.06 1.45
B 282.25 174.44 93.54 1.58

UV-visible spectroscopy

UV-visible spectral analysis can be used to predict the non-
linear optical properties of organic molecules after
synthesizing the compound®’. Computational method is an
inexpensive and quicker tools to study the UV-visible
spectral property of the organic compound even before
synthesizing the compound. The UV-visible spectra and
major transition of the two compounds, A and B are shown
in Figure 3 and Table 6.

Albert et al.®® found that the correct substitutions of the
donor-acceptor group in the porphyrin ring could produce
high NLO responses. The donor-acceptor systems was
characterized by strong intramolecular m-7m* charge
transition found through UV-visible spectral analysis. The
NLO properties and UV-visible studies of push-pull
ferrocene complexes containing hetero-aromatic rings in the
conjugated chain were investigated by Thermal et al.**.

Electron absorption spectral studies in solution of
compound, designed to possess NLO properties are
important because of mainly to know the transparency
region and the solvatochromatism. Zhou et al.*® have found
the Amax Values for a large number of samples of novel
paraphenylene alkynes macrocycles below 400 nm.
Compounds studied were transparent above 400 nm but
hyperpolarizability values were higher.

The linear optical and NLO properties of donor-acceptor
substituted diazabutadiene and hexatriene were investigated
in a combined theoretical and experimental study by
Dworezal et al.*.

Karakas et al* studied NLO properties by computational
method and experimentally measured UV-visible spectra of
substituted benzylideneaniline having electron donor group
in one ring and electron acceptor group in other ring. The
two compounds studied were found to have high B values
and did not show any absorption peaks above 350 nm.

Table 3. Calculated 3 components and 3, at HF level using 6-311G (d, p) basis set by GAUSSIANO9 for the

compounds A and B

R x 1030
Compou nd r3)<><)< Bxxy Bxyy Byyy Bxxz Bxyz Byyz szz Byzz Bzzz /ESU
A 21301 -76.81  -69.09 -51.41 -31.02 756 -11.84 -11.99 -4.98 2.27 1.66
B -828.73 -136.12 16.78 -33.71 -3565 -53.02 -1656 57.78 -257 3.56 6.69
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Fig. 3. Computational UV-visible absorption spectra of the
compounds A and B.

Table 5. The dipole moment (p), linear (a) and non-
linear () polarizability, band gap (AE), and maximum
wavelength (L,x) Of the compounds A and B.

<a>x Bx10%
Compound  p/Debye 10%/esu Jesu AE/eV  Apa/nm
A 2.46 1.45 1.66 2.250 335.6
B 4.26 1.58 6.99 2.211 329.2

The calculated 8 value of one compound is much higher
and the experimentally observed Ay, value is smaller,
whereas, for another compound, calculated [ value is lower
and experimentally observed Anm. IS larger. The relation
between the hyperpolarizability (B) value and Apg Of two
compounds found in this work by computational method
agrees well qualitatively with the results of Karakas et al*!.
Compound A has smaller B value but the Ay Value is
larger whereas compound B has higher B value with the
smaller Apay value. The Ayay Value of the compound A found
in this work by computational method is larger (20 nm)
than the experimental value. This discrepancy is probably
because of solvatochromism as the experimental
measurement of Ay IS done in solution.

Table 6. The maximum absorption wavelengths and
molar extinction coefficients respectively, obtained from
the UV-visible spectral analysis of the compounds A and
B in gas phase.

Both compounds studied in this work do not show any
absorption above 400 nm (Figure 3), therefore both are
transparent above 400 nm region.

Table 7. Calculated HOMO-LUMO energy (eV) and
band gap (E,) of the compounds A and B.

HOMO LUMO Band gap
Compound eV eV eV
A -8.365 -6.115 2.250
B -8.365 -6.154 2.211

Compound Al nm e Mtem™
A 335.6 10000
B 329.2 18500

V. Conclusion

Dipole moment, polarizability and hyperpolarizability
values of the compound B are much greater than those of A.
This higher 8 value of B can be linked with the strong
donor-acceptor intramolecular charge transfer interaction as
this compound B has electron donor —CI group at one end
and an electron acceptor -NO, group at the other end of the
molecule. The NLO properties of organic compound are
associated with the larger 3 values. UV-visible spectra of
both compounds show that, the maximum absorption takes
place in the UV regions and the compounds are transparent
in the visible region. It can be concluded that the compound
B may exhibit microscopic NLO behavior. From the
optimized structure, it is seen that both compounds are non-
planar and selected geometric parameters are in good
agreement with the available experimental values of the
relevant compounds.
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