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ABSTRACT- Organic nonlinear optical crystal N, N-dimethylamino-N’-methylstilbazolium
p-chlorobenzenesulfonate (DASC) has been successfully grown from mixed solvent of
methanol :acetonitrile (1:1) solution by adopting slow solvent evaporation technique. Single
crystal X-ray diffraction analysis was carried out and it shows that DASC crystal belongs to
monoclinic structure with Cc space group. The optical absorption is studied by UV-Vis
absorption spectra. Dielectric studies were also carried out for different temperature by varying

the frequency.
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1. INTRODUCTION

During the last three decades, there has
been intensive research efforts have been put
in exploring and developing second order
NLO materials for applications such as
frequency  conversion, electro  optic
modulation, optical parametric oscillation,
parametric light generation and more recently,
THz generation and detection. In this
connection the THz emitting organic non-
centrosymmetric nonlinear optical (NLO)
crystals are attractive due to their superior
NLO properties when compared to
semiconductors and inorganic materials.
Among organic NLO crystal, the popular ionic

organic  crystal  4-N,N-dimethylamino-4-
methyl-stilbazolium tosylate (DAST) have
made special attention. And now a day’s THz
spectrometers based on DAST crystal is
available commercialy. In DAST and its
derivative  crystal, the supramolecular
interactions of ionic DAS analogous crystals
are strong Coulombic interactions between the
stilbazolium cation and benzenesulfonate
anions. The m-nt stacking interactions between
cations and -SO....H-C= interactions
between the sulfonate group on anions and
hydrogen atoms on cations makes this crystals
has been potentia crystal for NLO
applications [1-2]. In this work we have
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synthesized DAST derivative crystal of N,N-
dimethylamino-N’-methyl stilbazolium p-
chlorobenzenesulfonate (DASC), which has
DAST like structure and it is environmentally
stable. We have made an attempt to grow bulk
crystal in the mixed solvent system by slow
solvent evaporation method. Here, the
structural, optical and electrical properties of
DASC single crystal have been investigated.

2.  SYNTHESIS

GROWTH

DASC was prepared by
metathesization of the 4-N,N-dimethylamino-
N’-methylstilbazolium iodide (DMSI) sat
with  sodium  p-chlorobenzenesulfonate.
DMSI was synthesized by the condensation of
1,4-dimethyl pyridinium iodide (2.35 g, 10
mmol), methanol (30 ml) and 4-N, N-

& CRYSTAL

dimethylamino-benzaldehyde (1.79 g, 10
mmol) in the presence of piperidine (0.2 ml).
The total mixture was taken in a round-bottom
flask and refluxed for 12 hours and cooled to
room temperature. The product was filtered
and recrystallized from methanol at least three
reaction was

times. The metathesizaton

3. RESULTS& DISCUSSIONS
3.1. Singlecrystal X-ray diffraction analysis
The crystalographic structure of
DASC was determined via single X-ray
diffraction analysis using a Bruker Kappa
APEX |l diffractometer. The structure was
determined from the single crystal XRD; it is
found that DASC single crystal belongs to
Monoclinic Crystal system, with the space
group Cc. The unit cell parameters are a =
10.395A, b = 11201A, ¢ = 1786 A,
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carried out as follows: Initidly, 0.732 g (2
mmol) of DMSI was dissolved in 100 ml of
distilled water by heating and simultaneously
04292 g (2 mmol) of sodium p-
chlorobenzenesulfonate was dissolved in 30
ml of water with continued heating. These two
hot solutions were mixed and further heated
for 30 minutes at 70° C and then cooled to
room temperature. The reaction resulted in the
appearance of ared precipitate and the left out
aqueous sodium iodide was separated from the
former by vacuum filtration. The purity of
DASC was further improved by successive
recrystallization.

The crystal growth of DASC was a challenge
since it dissolved well in various solvents but
did not yield single crystal. It was speculated
in this case that mixed solvent may provide a
solution to this problem [3]. Crysta growth
was performed by slow solvent evaporation
technique. The solution was prepared with 2 g
of DASC dissolved in 150 ml of mixed
solvent of methanol and acetonitrile (1:1) at
35 ° C in a constant temperature bath. After a
period of 10 to 15 days time the single crystals
were obtained and its showed in the figure 1.
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3.2. Optical absorption analysis

Figure 2 shows the absorption
spectrum of DASC recorded in solid phase
between the wavelength region 200 t02100
nm. Since the DASC crysta is iso-structural
to DAST one may not expect much deviation
in the optica absorption property. DASC
indicates strong absorption upto 700 nm, it
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correlating with the charge transfer process.
This crystal is very transparent in higher wave
lengths but a 1700 nm weak absorption
observed for DASC crystal which is most
probablydue to the overtones of the C-H

HKbsorbance fau)
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stretching vibrations [4]. This crystal shows
weak absorption at 700-1600 nm which makes
the DASC is the potential crystal for NLO
applications.
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Figure 2- UV absorption spectrum of DASC crystal

4. DIELECTRIC STUDIES
The dielectric constant and dielectric
loss of the DASC crystal were measured at
different temperatures (313, 328, 348, 368 and
388 K ) using a HIOKI 3532-50 LCR
HITESTER in the frequency range 50 Hz to 5
MHz. The capacitance of the paralld plate
capacitor with DASC sample kept as dielectric
medium at different temperatures (308,328,
348 and 368 K) was measured. The dielectric
constant (g;) was calculated using the relation:
Cd
&r = €0A
Where, C the capacitance, d the thickness of
the sample, ¢, the permittivity of free space
and A the area. of the crystal. Fig.3a shows the
variation of dielectric constant as a function of
frequency at different temperatures. It is
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observed that the value of dielectric constant
decreases with frequency and becomes almost
constant at higher frequency. The observed
low dielectric constant at higher frequency
may due to the loss of significance of al these
polarizations gradually. Fig. 3b illustrates the
variation of dielectric loss as a function of
both the applied frequency and temperature.
The sample shows large dielectric loss at low
frequencies. The dielectric loss decreases with
increase in  frequency a amost Al
temperatures. The larger value of dielectric
loss at low frequencies can be ascribed to the
space charge polarization due to charged
lattice defect [6]. The low value of dielectric
constant at higher frequencies is significant
for the fabrication of materials for photonics
and electro-optic devices.
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Figure 3- Frequency dependence of a) dielectric constant and b) dielectric loss of DASC
crystal
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CONCLUSION

An efficient stilbazolium derivative crystal of
DASC was successfully grown by slow
evaporation technique in a mixed solvent
system. The single crystal X-ray diffraction
analysis confirmed the noncentrosymmetric
space group and the monoclinic structure. The
optical absorption property was found for the
developed material. Dielectric measurements
in the frequency range of 50 Hz - 5 MHz
suggest that the permittivity and the dielectric
loss of DASC decrease with increase in
frequency at different temperatures.

ACKNOWLEDGEMENT

The authors acknowledge the DST-SERB,
India for funding this research work
(SR/S2/LOP-29/2013).

REFERENCES

[1]. Jerdd Vijay R., Melikechi N.,
RajeshKumar T., Joe G.M. Jesudurai and
Sagayarg P., Journal of Crysta Growth, 312,
(2010), 420-425.

[2]. Brahadeeswaran S., Onduka S., Takagi
M., Takahashi Y., Adachi H., Kamimura T.,
Yoshimura M., Mori Y., Yoshida K and
Sasaki T., Crystal Growth and Design, 6,
(2006), 2463-2468.

[3]. Jerald Vijay R., Mélikechi N., Tina
Thomas., Gunaseelan R., Antony Arockiarg
M., and Sagayarg P., Material chemistry and
physics, 132, (2012), 610-617.

[4]. Z. Sun, X. Liu, X. Wang, L. Li, X. Shi, S.
Li, C. Ji, J. Luo, M. Hong, Cryst. Growth Des.
12 (2012) 6181-6187.

[5]. R. Gunaseelan, A. Antony Rg, P.
Sagayargj, Optik 125 (2014) 3791-3797.

A. Antony Rg, S John Sundaram, R.
Gunaseelan, P. Sagayarg, Spectrochimica
Acta Part A: Molecular and Biomolecular
Spectroscopy, 149, 957-964 (2015)



