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Abstract : An organic nonlinear optical crystal of tris thiourea potassium chloride has been grown by slow evaporation
technique. The optical absorption study reveals that the grown TTPC crystal exhibit lower cut off wavelength at 300 nm and the
minimum band tail (urbach) energy indicates the good crystalline nature of TTPC crystal. The non-linear optical (NLO)
parameters are theoretically calculated by the DFT method. Non-linear optical properties were also estimated with the aid of a
TTPC molecule as a model of an acceptor, and a final set of optimal systems were identified as potential candidates to be
implemented as photovoltaic material. The above essential parameters manifest appropriate usage of TTPC as a nonlinear
optical material.
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1.INTRODUCTION

Nonlinear optics (NLO) is the branch of optics that describes the behavior of light in non-linear
media in which the dielectric polarization responds nonlinearly to the electric field of the light. The
nonlinearity is only observed at very high light intensities such as those provided by pulsed lasers. The
coherent radiation at a few discrete frequencies can be produced by laser devices as in solid-state lasers or
with narrow range of tenability as in dye lasers. The nonlinear optical properties give the detailed
information about the important aspect of the matter, because the nonlinear optical activity mainly depend
on the electronic and vibrational structure, inter and intra molecular structure of the molecules [1]. The
origin of the nonlinear optics effect was first investigated by Franken et al., 1961 with the discovery of
second harmonic generation (SHG) in quartz crystal shortly after the demonstration of the first working
laser by Maiman 1960. Thereafter, various new nonlinear optical phenomena have been discovered to
develop the nonlinear response [2]. At present NLO activity of a material plays a remarkable role in the
multidimensional fields like telecommunication, industry, medicine, remote sensing, optical data storage,
optical signal processing, optical computers, ultrafast switches, ultra-short pulsed lasers, sensors, laser
amplifiers [3] and so on. Apart from the SHG, there are other nonlinear optical effects, optical parametric

oscillation, acousto-optic effect, self-focusing of light, and simulated Raman scattering [4]. Nowadays,
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ultimate NLO materials gained great importance in most of the practical oriented applications of Science
and Technology.

2. EXPERIMENTAL DETAILS

Thiourea and potassium chloride was purchased from the Sigma Aldrich company with 98% purity
and used without purification. The slow evaporation method was used to grow the single crystals at room
temperature. Optically transparent crystals were obtained by spontaneous nucleation from the saturated
solution. The UV-visible spectrum of TTPC was examined in the range 190-900 nm using CARY 100 B10
UV-visible spectrophotometer in CdCls solvent. The spectral measurements were carried out at a

sophisticated analysis instrumentation facility (SAIF), IT Madras, Chennai.

3. COMPUTATIONAL DETAILS

The Gaussian 09W program package was used to perform DFT calculations at the B3LYP/6-31
G(d,p) to analyze the non linear optical properties of TTPC [5].

4. RESULT AND DISCUSSION
4.1 Crystal growth

Thiourea and Potassium chloride compound was purchased from Sigma-Aldrich company with a
stated purity of 98% and was recrystallized. The given compound was dissolved in distilled water,
thoroughly mixed using a magnetic stirrer (4 h) at room temperature to obtain a homogeneous solution. The
solution was tightly covered with a perforated polythene sheet in a glass beaker and kept at constant
temperature. Numerous tiny crystals were formed at the bottom of the beaker due to spontaneous nucleation.
Transparent colorless crystals of TTPC were harvested in a period of 25-30 days. Photograph of the grown

TTPC crystal is shown in Fig.1

Fig.1 Photographs of grown TTPC single crystal

The grown TTPC crystal was subjected to single crystal XRD analysis. The calculated lattice
parameters a = 7.565A%, b = 7.254A°, ¢ = 6.69A° and p = 376.8°.
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4.2 Optical Studies

Optical characterization is a vital parameter to be considered for good quality check of crystalline
materials. The optical transmission range and transparency cutoff wavelength of the TTPC are important
factors for optical applications. The UV-visible transmittance study of TTPC exemplifies the linear optical
properties. UV-visible spectral analysis gives information about the electronic transition of the compound
[6]. Also, it would help to understand the electronic structure and the optical band gap of the crystal. Here,
the UV spectrum shows less absorption between 300-900nm, which reflects the presence of wide
transparent window in the entire visible region. The high transmittance property is attributed to the good
optical quality and defect free volume of the crystal. At lower wavelengths, the optical transmission is
discontinued in the ultraviolet region due to absorption of energy which arises from the valence band to
unfilled conduction band. In Fig.2, a strong absorption with a fall of transmittance at 300nm shows the
lower cutoff wavelength of the title compound. Absorption bands observed in the region from 300-900nm is
attributed to intramolecular charge transfer transitions among the marginal donor group and acceptor group
core [7]. Sufficiently, low cutoff wavelength and wide transparency window of a crystal suggest good

optical quality.
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Fig.2. UV-vis Transmission spectrum of TTPC

The optical band gap (Eg) has been evaluated from the transmission spectra and the optical

absorption coefficient(a) near the absorption edge is given by
hva = A(hv-Eg)*?

where A is a constant, Eq the optical band gap, h the planck’s constant and v the frequency of incident
photons. The electronic band gap energy of TTPC crystal was evaluated. The band gap was found to be
4.10eV. The wide band gap of the TTPC crystals supports the requirement for the good quality nonlinear

optical applications [8].
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4.3 NON-LINEAR OPTICAL PROPERTIES (NLO)

Nonlinear optical (NLO) materials create new electromagnetic field by changing properties such as
frequency and phase of the radiation. These materials, which are effective in photonic signal processing, are
a source of interest for a large number of technological applications for optical communication and
computing, optical switching and limitation, data storage and recovery and dynamic image processing [9].
The polarity, first and second hyperpolarizability properties of the molecular system were calculated using
the DFT/B3LYP/6-31 G (d,p) method.

The isotropic mean polarizability <o>, anisotropy of the polarizability (Aa) and the total dipole

moment () are calculated using the following equations.

oo =

1)
A = [(axx - 0yy)2 + (Oyy— 0izz2)? + (022 — 0xx)2] 2 @

the second harmonic generation first-order hyperpolarizability B(-2m;®, ®) can be calculated using the x, y,

Z components

B = ((BroctByyy+Baze) +(Byyy tByzztByd “+H(BazztBooct Bayy)?) > (3)

The components of dipole moment, polarizability, first order hyperpolarizability and second order
hyperpolarizability of TTPC were estimated. The calculated value of total static dipole moment p, the
average linear polarizability ao, the anisotropy of the polarizability Aa and the first hyperpolarizability  are
1.019 Debye, 21.521x102%esu, 30.524x10%esu, 6.214x10%su, respectively. The B value of TTPC has
been compared with the B value of urea (0.3728x107** esu) which is a standard reference material. This large
B value (more than 16 times larger than urea) indicates the potential of TTPC to exhibit second order optical

effect [10].

The third-order response by second-order hyperpolarizability offers effective and richer behaviour
than the second-order NLO response due to the higher dimensionality of the frequency space. The equation

for average second hyperpolarizability is

(4)

The second order hyperpolarizability is found to be 64.258x10-%%esu. The higher values of dipole
moment, molecular polarizability and hyperpolarizabilities are important for NLO applications[11]. So, we
can conclude that, due to low band gap energy which has been explained in UV and high vy, B and p, TTPC

can have industrial application in the form of NLO material.
5. CONCLUSION

Single crystals of TTPC have been recrystallized by slow evaporation solution growth technique at

room temperature. Optical absorption studies depict the transparency of the crystal in the entire visible
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region which in turn highlights the nature of the material for nonlinear optical device fabrication and the
cutoff wavelength was found to be 300 nm and the energy gap value of the grown crystal is 4.10 eV. The
first and second hyperpolarizability value calculated was about 6.214x10%su and 64.258x10"*esu. The
calculated values were compared with non-linear optical material urea, the title compound was 16 times
higher. The high value of first and second hyperpolarizability shows that the title compound can be used as
a new material in non-linear optical studies. The outcome of all these results authenticated that the NLO
response, good thermal stability and wide optical transparency of TTPC crystal is a kind of excellent

material for photonics and optoelectronic device application.
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