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ABSTRACT

In the present investigation, single crystals of L-Aspartate were grown successfully by slow cooling method.
Powder X-ray diffraction(XRD) studies were carried out for the grown crystal and the lattice parameters were
calculated. Absorption of the grown crystal was analysed using UV-VIS-NIR studies and it was found that
these crystals possess minimum absorption from 360 nm to 2250 nm. The crystal was characterized by FT-
IR and Thermal studies. Nonlinear optical property of the grown crystal was also studied by Kurtz-Perry powder
technique.
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INTRODUCTION

In recent years, Non linear optical materi@dLO) for optical second harmonic generatibave received
much attention because of their practical ligpfion in the field of optoelectronics anghotonics [1,2].
Frequency conversion is an important technidoe extending the useful wavelength rande lasers [3].
New types of NLO materials have been grofnom organic-inorganic complexes. The mechanistkngth
of these semiorganic NLO crystals are mdrantthe organic NLO crystals [4]. The crystaigineering of
this NLO material is based on the anchorafeorganic molecules exhibiting a large NLe&dficiency on
the amino acid groups [5]. Aminoacids are vényeresting materials for NLO applicationschese all of
them except glycine contain chiral carbonnatand crystallize in non-centrosymmetric spageups [6,7].
Many number of natural amino acids are imliglly exhibiting the nonlinear optical propes because
they are characterized by a proton-donatiagoaxyl (-COOH) group and the proton-acceptangino (-NH)

group [8]. Hence they give rise to opticalc@ed Harmonic Generation (SHG). In addition, maniacids have
peculiar physical and chemical properties bseaof their dipolar nature. Already some toé amino acids
like L-Arginine phosphate (LAP) have been mpd to have NLO activity [9].

As one of the group of naturally occurringamino acids, L-Aspartate is a very importastmpound with
molecular formulaCsH;NO,. In  the present study, pure crystals ofdpartate are grown by slow cooling
method. Good quality, transparent and defede frtiny crystals were  formed due to $poeous
nucleation. Powder XRD studies were carried and lattice parameters of the grown ctyste evaluated.
It is observed that L-Aspartate belongs tonawhinic structure with space group 1B2;. FT-IR, UV-VIS-
NIR and thermal studies were carried outtlier grown crystal. The SHG efficiency of tbeystal was also
studied using Nd:YAG Q-switched laser withe tKurtz Perry powder technique.

MATERIALS AND METHODS

An agueous solution of L-Aspartate was pregaby dissolving L-Aspartate in distilled eatPure seed
crystals of L-Aspartate were grown by sloaoling method. Good quality seed crystals wased to grow
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the single crystals of bigger size. The @algstwere found to be transparent and fireen fdefects. Figurel
shows the photograph of the grown crystahwimensions 1.25cm x 0.5cm x 0.25cm.

3.1 Powder X-ray diffraction

RESULTS AND DISCUSSION

Figure 1 : Photograph of the grown L-Aspartate cngtal

Powder X-ray diffraction studies of pure Lp&state crystals were carried out using Srenig500 X-ray

diffractometer with Culki (A=1.5418A°) radiation. The L-Aspartate crystalystallize into the monoclinic

crystal system with space group of; B2, The sample was scanned fdrvalues from 10°- 50° at a rate of
2°/min (Figure 2). The powder pattern were katk and the lattice parameter values for ¢gnewn crystal

were calculated. The calculated values andraperted values [10] are presented in Table 1.

Table 1: Lattice parameter values for L-Aspatate crystal

Lattice parameters

L-Aspartate

Reported Values

crystal
a(A) 7.676 7.617
b(A) 6.995 6.982
c(A) 5.211 5.142
Crystal system Monoclinic Monoclinic
Space group R2,2; P22:2,
Volume(A3) 275.93 273.46
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Figure 2 : Powder XRD pattern of L-Aspartate cystal

3.2 FT-IR Specrtoscopic analysis
In order to qualitatively analyse the preserof functional groups, the FT-IR analysi§][lof L-Aspartate
was carried out between 400tamd 4000 ciusing the instrument FT-IR 4100 type A spmueter. The
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spectrum is shown in Figure 3. The broad kpes with few peaks between 1787 trand 3400 cnt
includes overlapping of stretching modes diee N-H and C-H. The peak at 2036 tnindicates the
asymmetric bend of Nfi The band at 1559 ¢his due to C=O stretching of carboxylic grpapd at
1447 cmt is due to C-C stretching and at 1375'cim that of COOsymmetric stretching mode. The peak
at 1008 crit indicates the C-N stretching mode.
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Figure 3: FT-IR spectrum of L-Aspartate crysal

3.3 UV -VIS = NIR Spectrum

Absorbance spectra is very important for alyO material because a nonlinear optical emaltcan be of
practical use only if it has a narrow albsmce window. To find the absorption range -U8-NIR
spectrum of L-Aspartate single crystal swaaken in the range between 200 nm an@0 2Bn using a
varian carry 5E model dual beam spectrophetemThe spectrum (Figure 4) indicates that tmgstal has
minimum absorption between 360 nm and 2250 Hinis transparent nature in the visible ranige a
desirable property for this material to beedifor NLO applications. From the spectruinjsi also seen that
the lower cut-off wavelength of the crystal 360 nm. There is no transmittance of lightany appreciable
extent in the visible range of the electronet spectrum, which is an intrinsic propedf all the amino
acids. The transmittance within the UV rangeagain a very important property of amino a¢i?].
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Figure 4 : Optical absorption spectrum of L-Asmrtate crystal
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3.4 Thermal studies
The thermo gravimetric analysis (TGA) of L-Asmte single crystal was carried out in tleenperature

range of 30 °C — 870 °C in the nitrogen atmesphat a heating rate of 20 °C/min using TG&F500
instrument (Figure 5). The decomposition staatsund 220 °C. The material is found to kexrfally stable
upto 220 °C. The DTA trace of L-Aspartate showhat, there is a sharp endotherm matchinily the
decomposition of L-Aspartate crystal. TGA amsédy shows that the softening starts at 220/7€ight loss of
about 35% are observed between 220 °C and@30he total weight losses of 48% obserbetween 330
°C and 850 °C corresponds to the decompaositid L-Aspartate single crystal. The decomposibf L-

Aspartate single crystal is as shown in  Table 2.

Table 2 : Decomposition of L-Aspartate crystal

Temperature range °C  Decomposition steps Weliggs observed  Calculated
0°C—-220°C GH/NO, Nil Nil
220 °C - 330 °C ¢H, O, 34.6% 32%
330°C -850 °C Entire sample 48.06% 46%
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Figure 5: TGA-DTA curve of L-Aspartate crysgl

3.5 NLO studies
The grown crystal of L-Aspartate was subject® Kurtz-Perry powder second harmonic getimratest

(SHG) using the Nd-YAG Q switched laser bedor the nonlinear optical (NLO) property [13]h@ sample
was illuminated with the laser input pulsé 6.8 mJ. The output pulse was obtained @8 &J. The second
harmonic signal(532 nm) was obtained for thedaniThe second harmonic generation in thestal was
confirmed by the emission of green radiatifstom the crystal. Hence it was confirmed thHatAspartate
single crystal is an NLO material. It was fdurthat the efficiency of SHG is 0.44 timéisat of the

standard KDP.

CONCLUSION

Single crystals of L-Aspartate were grown slpw cooling method. Powder XRD studies weagied out
and the lattice parameters are calculateds Ifound that the calculated values agreé wadth the reported
values. The TGA studies show that the cty®athermally stable upto 220 °C. The UV-MMBR spectrum
shows that the crystal is transparent in ethiire visible range and has minimum absonptetween 360
nm and 2250 nm. The functional groups presanthe crystal was confirmed by the FT-IRestrum. The
second harmonic signal generation proved that crystal is an NLO material. Thus L-Aspaetatrystals can
be used as a promising NLO material for tfabrication of photonic and optoelectronicvides.
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