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Abstract
The current manuscript is focused on the evaluation of the effect of L-glutamine (LG) on linear and nonlinear optical trait
of Zinc (tris) Thiourea Sulphate (ZTS) crystal. Monocrystal of L-glutamine doped Zinc (tris) Thiourea Sulphate (ZTS) has
been grown from aqueous solution by slow evaporation technique at room temperature. The UV-visible spectral
evaluation has been carried out within 200 to 900 nm to determine the optical transparency. The measured optical
transparency data has been used to determine the optical constants of grown crystals. The cutoff wavelength of the
present crystal was found to be 268 nm with wide optical band gap of 4.35eV. The enhanced optical transparency and
potent optical constants show material suitability for photonic applications. The influence of L-glutamine on SHG
property was studied by classical Kurtz and Perry powder SHG test and it is found to be 1.05 times than that of pure ZTS
crystal. The potential optical features and enhanced SHG efficiency of the grown crystal advocate its applicability for
distinct photonic devices.
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Introduction
The progress in photonics industries has been expedited due the invention of excellent advanced non linear optical (NLO)
materials. Moreover, the high-tech application in optoelectronic industries and optical data storage and transmission
devices, optical modulators and demodulators has been based these outstanding optical nonlinear materials.[1] The pure
organic or inorganic nonlinear optical materials are not suitable for designing of optical devices. However, the extensive
studies of the semioragnic materials show their suitability in designing of high-tech devices due the outstanding
physicochemical properties and optical nonlinearity. In last decade, the varieties of organometallic metal complexes with
excellent nonlinear optical nature have been reported. [2-3] Recently, addition of amino acids gives substantial
improvement in optical performance of various host NLO crystals due their Zwitter ionic nature. [4] The single crystal
growth and various parameters of ZTS crystal have been extensively studied by doping various amino acids. [5-6] In the
meticulous literature scan, the growth and investigation of linear and nonlinear optical properties of L-glutamine doped
ZTS (LG-ZTS) crystal did not encounter in literature. Hence, in present work the LG-ZTS crystal has been grown and
examined by linear and nonlinear optical characterization techniques.

1. Synthesis and growth
The enriched purity analytical reagent (AR) grade zinc sulphate (1mole) and thiourea (3mole) was dissolved in deionized
water and the pure zinc (tris) thiourea sulphate salt is achieved. The purity of ZTS salt was improved by employing the
successive recrystallization method. The ZTS salt was dissolved in deionized water and supersaturated ZTS solution was
prepared. The doping of L-glutamine was achieved by adding 0.5, 1.0 and 1.5mole % to supersaturated ZTS solution in
separate beakers. The solution allowed stirring well at constant speed for four hours to avoid co-precipitation and
achieved the homogeneity throughout the aqueous solution. The Whattman filter paper was used to filter the
homogeneous solution.  The filtered solutions were kept for the evaporation in constant temperature bath of accuracy+-
0.01 at 36oC. The transparent, colorless and enrich quality pure ZTS and LG-ZTS crystal were grown within the period
of 30 days which are shown in Figure 1.
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Fig.1. Crystals of LG-ZTS

2. Results and discussion
2.1. UV-Visible studies
The applicability of non linear optical materials for photonic devices can be well understood exploring the optical
parameters in visible region. The UV-visible transmission spectra of pure and L-glutamine doped ZTS crystals were
recorded by employing a Shimadzu UV-2450 spectrophotometer in the range 200–900 nm. The optical transmittance
spectrum is shown in Fig. 2. The LG-ZTS crystal exhibited a maximum transmittance of 93% in entire visible region,
which is appreciably higher than pure ZTS crystal (88%). This result indicates that the LG-ZTS crystal offers low
scattering of light and absorption of light. [7-8]. The lowest transmittance cut off wavelength (278 nm) of LG-ZTS
crystal substantive for effective laser frequency conversion and optoelectronics devices [9]. The optical band gap
illustrates the electron transition in energy band. The optical band gap (Eg) can be evaluated by employing Tauc’s
extrapolation plot shown in Fig. 3. The Tauc’s extrapolation plot noticed that the optical band gap of LG-ZTS crystal is
found to be 4.35 eV which is considerably higher than pure ZTS (4.32eV) crystal, stimulate its stringent requirement for
designing of optoelectronics devices. The high magnitude of optical conductivity is depicted in Fig.4 indicates the
potential candidature of the grown crystals for information processing devices. The lower extinction coefficient (Fig. 5)
of LG-ZTS crystal exhibits the minimum depletion of light energy. This signifies its need for high speed optical
computing devices [10]. The change in speed of photon can be perceived by assessing the refractive index of LG-ZTS
crystal plotted in Fig. 6. The reflectance of the grown crystal is shown in Fig. 7. The lower refractive index and
reflectance indicates the applicability of crystal for antireflection thin coating for photovoltaic devices [11]. The measure
of loss of photon energy in visible region due to scattering and absorption phenomenon can be realized with lower
extinction coefficient of material [8]. The extinction coefficient indicates the propagation of electromagnetic wave
through material evaluated using the relation k=αλ/4π. The gradual optical attribute of LG-ZTS crystal introduce in table
1 reside on its utility for photonic applications.

Table. 1. Linear optical parameters
Crystal Transparency σop Eg Calculated data at 532nm

n                    R               K

ZTS 88% 2.13x1011 4.32eV 1.50 4.2% 2.68x10-5

LG-ZTS 93% 2.89x1011 4.35eV 1.32 3.4% 0.24x10-5

Fig.2 Transmittance spectrum. Fig.3 Tauc's plot.
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Fig.4 Optical conductivity vs. photon energy. Fig.5 Extinction coefficient vs. wavelength.

Fig.6 Refractive index vs. wavelength Fig.7 Reflectance vs. wavelength.

2.2. SHG efficiency Studies
Kurtz and Perry’s powder technique was used to measure the enhancement in SHG efficiency of ZTS crystal due to
doping of L-glutamine [13]. The measurement were performed using pulsed Q-switched Nd:YAG laser model YG501C
(1064 nm) with the frequency of 10 Hz and 8ns pulse width , The operating energy of laser was 8 mJ/pulse. The highly
directional beam of Nd:YAG laser operating at 1064nm was focused on the powder sample and the emission of intense
green radiation (532nm) has been noticed at the output for both the samples. The second harmonic signal generated for
pure and doped ZTS were 60 mV and 66 mV. The SHG conversion efficiency of LG-ZTS is found to be 1.05 times
greater than that of pure ZTS. Thus L-glutamine doped ZTS crystals can be utilize for effective laser frequency
conversion and NLO applications.[13]

3. Conclusion
The L-glutamine added ZTS crystals harvested by slow evaporation technique. In optical studies, the LG-ZTS crystals
shows improved optical properties and effective NLO behavior. The high optical conductivity, less extinction coefficient,
low refractive index and reflectance of LG-ZTS crystal are discovered to be advantageous for various optical
applications. The SHG efficiency of doped ZTS crystal is found to be 1.05 times that of ZTS crystal material. The
inclusive linear and nonlinear optical studies indicate that LG added ZTS crystals are promising NLO materials for lasers
and photonic device fabrication.
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