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Abstract: Non-linear optical materials find wide range of applications in the
fields of optoelectronics, fiber optic communication, computer memory
devices etc. Tris-Glycine Zinc Chloride (TGZC) is one of the NLO materials
exhibiting more efficiency. In the present study Tris-Glycine Zinc Chloride
was grown using slow evaporation technique. Single crystal X-ray
diffraction analysis revealed that the crystal belongs to orthorhombic system
with the space group Pbn21. The optical absorption study was showed that
the crystal is transparent in the entire visible region with a cut off
wavelength of 210 nm. The optical band gap was found to be 4.60 eV.
Various functional groups present in the material were identified by FTIR
analysis. The dielectric study was showed that the dielectric constant and
dielectric loss decreases exponentially with frequency at different

temperatures.

1. Introduction

Non linear optical materials are known as high level of signal processing,
which are required for the applications of optical communication [1-2]. A
common and often productive route to organic materials has been to utilize
molecules with electron donating and accepting moieties attached to a

conjugated system. The optical response of an SHG active material is
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influenced by both the chemical purity and structural composition of the
bulk sample [3]. A variety of both organic and inorganic nonlinear crystals
have been proposed in the past fifteen years some of them having even
reached the level of development and industrialization [4-5]. Inorganics are
highly resistant owing to their ionic or covalent nature of their
intermolecular bonding, while their figure of merit reaches a plateau
exemplified by KTP [6] which may well be a ceiling. In contrast while
organic materials are often more fragile their nonlinearity may surpass by
several orders of magnitude than that of inorganic materials owing to the
possible involvement of highly polarizable m-electron system. Moreover, the
structural flexibility of organic molecules and the possibility of precise and
adequate organic syntheses assisted by predictive molecular engineering
rules may well be a decisive fascinating asset of organics in contrast to the
more rigid nature of minerals [7]. The thermal and mechanical stabilities of
these organic crystals are not convenient for industrial applications as a
frequency doubler of high mean power. In order to improve on these
drawbacks, a new type of hybrid organic- inorganic crystal was proposed in
1991 [8]. This crystal engineering provides salts with large nonlinear
responses and enhanced stabilities compared to the corresponding
molecular organic crystals. Moreover, they exhibit a wider transparency
range and bulky crystal morphologies [9- 10]. In this research article XRD,
FTIR, optical and electrical properties of the grown single crystal of TGZC

are reported and verified with reported work.

2. Experiment

2.1 Crystal growth

Glycine and zinc chloride were taken in the ratio of 3:1 and dissolved in
distilled water using magnetic stirrer for six hours to get homogeneous

solution. The reaction between glycine and zinc chloride is as given below,
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3C,H5NO, + ZnCl, — (C2H5N02)3ZIIC12
The as prepared saturated solution was filtered and kept in a constant
temperature bath maintained at 45 °C for slow evaporation of solvent. The
single crystal of tris-glycine zinc chloride was grown in a period of 30 days
of dimension (13mm x 7mm x 3.3mm). The as grown crystal of tris glycine

zinc chloride crystal is shown in Fig.1.

Fig.1. TGZC single crystal from slow evaporation method
3. Results and discussion
3.1 XRD analysis
The well grown tris glycine zinc chloride single crystal was subjected to
single crystal X-ray diffraction analysis in order to determine the lattice

parameters. It was found that the crystal has the lattice parameters a=11.189
A, b=15.192 A, c=15.496 A with volume about 2634.1 A3. The crystal is
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belongs to orthorhombic primitive system. The obtained lattice parameters

are given in Table-1.

Space 2 o o V( a=p
Formula System Group a(A) [b(A) | c(A) A3) -y
(CoHsNO2)3ZnCly | Orthorhombic | Pbn21 | 11.189 | 15.192 | 15.496 | 2634.1 | 90°

Table-1 Unit cell parameters of tris glycine zinc chloride single crystal

3.2 FTIR

The FTIR Spectra of the as grown TGZC crystals were recorded in the KBR

phase in the frequency region 400-4000 cm™. The recorded FTIR spectrum is

shown in Fig.2 and was compared with the standard spectra of the

functional groups. The characteristic peak at 1520 cm™ is due to COO

stretching. The very broad peak at 3199 cm™ is due to O-H stretching. The

strong band at 1134 cm™ established the presence of C-N stretching. The

band 2694 cm represents the existence of CH; stretching and the peak at

1637 cm™? represents C=O stretching and 1610 cm? represents NH>

deformation. The wave number assignment for the functional groups

present in TGZC is tabulated in Table 2.
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Fig.2 FTIR Spectrum of TGZC NLO single crystal

WAVE NUMBER ASSIGNMENTS
1520 COO- Stretch
1610 NH; deformation
1637 C=0 Stretch
2694 CHo Stretch
3199 O-H Stretch
1134 C-N Stretch

Table-2 FTIR Spectral data of NLO single TGZC
3.3 ULTRA VIOLET TRANSMISSION STUDIES
A good optical transmission is desirable for NLO crystal. To determine the

optical transmittance range and hence to find the suitability for the

application of optical device, the grown crystal was analyzed by UV-Visible
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spectral analyses. The absorption spectrum is recorded in the wavelength
range of 190-1100 nm wusing SHIMADZU MODEL UV 1650 PC
Spectrophotometer. It is clear from the spectrum, that the crystal is highly
transparent in entire visible region, confirmed by very low absorbance. UV
cut off of the crystal is found to be 210 nm which is one of the desirable
properties of the materials possessing NLO activity [14, 15] The plot of
variation of (ahv)? versus hv is shown in the Fig.4 and the band gap of tris-
glycine zinc chloride crystal is found out to be 4.6. As a consequence of wide

band gap, the grown crystal has large transmittance in the visible region
[16].
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Fig.3 UV-vis-NIR Absorption spectrum of NLO single crystal
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Fig.4 Tauc’s plot of TGZC NLO single crystal
3.4 DIELECTRIC STUDIES

Dielectric constant and loss measurements with respect to frequency were
measured and are shown in Fig.5 and 6 respectively. From the graph, it is
observed that the dielectric constant and dielectric loss decreases slowly
with frequency and attains saturation at higher frequencies. The dielectric
constant of material is due to the electronic, ionic, dipolar and space charge
polarization [17]. The lower value of dielectric constant at higher frequencies
is a suitable parameter for the enhancement of SHG. The variation of
dielectric constant is due to incorporation of metal ions inside tris-glycine
zinc chloride crystal lattices and also, the characteristic of low dielectric loss
with high frequency for the sample suggests that the crystal possesses
enhanced optical quality with lesser defects and this parameter plays a vital

role for the construction of devices for non-linear optical materials.
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Fig.5 Dielectric constant TGZC NLO single crystal
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Fig.6 Dielectric loss TGZC NLO single crystal
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CONCLUSION

The Tris-glycine zinc chloride (C2HsNO2);ZnCl; is one of the semiorganic
NLO materials. Good quality single crystal of TGZC was successfully grown
from aqueous solution by slow evaporation technique at a constant
temperature of 45 °C. The grown crystals were subjected to single crystal
XRD studies which confirm the crystalline nature and crystal structure. FTIR
spectral analyses confirms the presence of functional groups of the crystal.
UV-visible study determines the optical absorption of the TGZC single
crystal. The optical band gap is found to be 4.60 eV. Dielectric studies on the
grown crystal shows that the dielectric constant and dielectric loss decreases
with frequency and attains saturation at higher frequencies. In future,
attempts will be made to grow bulk single crystals of TGZC and also the
inclusion of suitable dopants will be identified. Characterization such as

SEM and Etching will be carried out to study the perfection of the crystal.

References

[1] J.Zyss, D.S. Chemla (Eds.), Nonlinear Optical Properties of Organic
Molecules And Crystals, Academic Press, Orlando, Florida, 1987, p.23.

[2] ]J. Zyss, (Eds.), Molecluar Nonlinear Optics: Material Physics and Devices,
Academic, New York, 1994.

[3] Christer B. Aakeroy, Alicia M. Beatty, Mark Nieuwenhuyzen, Min Zou,
A Structural Study Of 2-amino-5nitropyridine and 2-Amino-3-
nitropyridine: intermolecular forces and polymorphism, J. Mater. Chem. 8
(1998) 1385-1389.

[4] R Masse,].C. Grenier, Bull. Soc. Fr. Mineral. Cristallogr. 94 (1971) 437-439.
[5] F.C Zumsteg, ].D. Bierlein, T.E Gier, A Nonlinear optical material,
J.Appl. Phys. 47 (1976) 4980-4985.



Growth And Characterization Studies Of Glycine Zinc Chloride A Semi Organic Nlo Single
Crystal 78

[6] J.D. Bierlein, H. Vanherzeele, Potassium Titanyl Phosphate: properties
and new applications, J. Opt. Soc. Am. B 4 (6) (1989) 622-633.

[71 R.Masse, J. Zyss, A New Approach In The Design Of Polar Crystals For
Quadrtic Nonlinear Optics Exemplified By The Synthesis And crystal Of 2-
Amino-5Nitropyridinium Dihydrogen Monophosphate (2A5NPDP), Mol.
Eng. 1 (1991) 141- 152.

[8] N. Horiuchi, F. Lefaucheux, A. Ibanez, D. Josse, J. Zyss, Quadratic
nonlinear optical coefficients of organic crystal: 2-amino-5-nitropyridinium
chloride, J. Opt. Soc. Am. B 19 (8) (2002) 1830.

[9] A.Ibanez, J.P. Levy, C. Mouget, E. Proeur, Crystal Growt Of a promising
nonlinear optical material: 2-amino-5-nitropyridinium chloride, ]J. Solid
Chem. 129 (1997) 22-29.

[10] J.Zaccaro, B. Capelle, A. Ibaenz, Crystal Growth of hybrid nonlinear
optial materials: 2-amino-5-nitropyridinium dihydrogenphosphate and
dihydrogenarsenate, ].Cryst. Growth 180 (1997) 229-237.

[11] J. Zaccaro, M. Bagieu-Beucher, J. Espeso, A. Ibanez, Structural
characterization and crystal growth of the 2-amino-5-nitropyridinum
dihydrogenphosphate/ arsenate hybrid solid solution, J. Cryst. Growth 186
(1998) 224-232

[12] D.S. Chemla, J. Zyss, Nonlinear optical properties of organic molecules
and crystals, Quantum Electronics. Principles and Applications, Vol. 1(a),
Academic Press. Inc, 1987. pp. 23-191

[13] M. Barzoukas, M. Blanchard-Desce, D. Josse, ].M. Lehn, J. Zyss, Very
large quadratic nonlinearities in solution of two push-pull polyene series:
effect of the conjugation length and of the end groups, Chem. Phys. 133
(1989) 323-329

[14] Balakrishnan T, Ramamurthi K, “Structural, Thermal and Optical

properties of semiorganic nonlionear optical single crystal: Glyycine Zinc



S.Victor Antony Rajal, ].P. Angelena, M. Ambrose Rajkumar, D. Prem Anand
79

Sulphate, Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 68 (2007) 360-363

[15] V. Venkataramanan, S. Maheswaran, J.N. Sherwood, H.L. Bhat, crystal
growth and physical characterization of the semiorganic bis thiourea
cadmium choloride, J. Cryst. Growth 179 (1997) 605-610

[16] C. Justin Raj, S. Jerome Das, Growth and characterization of nonlinear
optical activeL-alanine formate crystal by modified Sankaranarayanan-
Ramasamy (SR) method, J.Cryst. Growth 304 (2007) 191-195

[17] K. Rajarajan, A. Selvakumar, Jinson P Joseph, S. Samikannu, I. Vetha
Pothehar, P.Sagayaraj, “Optical, delectric, photoconductivity studies of
Bis(dimethyl sulfoxide) tetrathiocyanato-cadmium (II) mercury(Il) NLO
single crystals”, Optical Materials, 28(2006) 1187-1191



Growth And Characterization Studies Of Glycine Zinc Chloride A Semi Organic Nlo Single
Crystal 80




