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ABSTRACT

Single crystals of pure and thiourea doped Glycyl L-Alanine(GLA) were grown by slow evaporation method. The
cell parameters were determined using single crystal X-ray diffraction method. To improve the physical properties
of the GLA crystal, thiourea dopant was added by 2 mol%. EDAX studies confirm the presence of thiourea in the
grown GLA crystal.The thermo gravimetric analysis (TG) and differential thermal analysis(DTA) of GLA and
thiourea doped GLA(TU-GLA) crystals were performed by using TG / DTA Instrument. Dielectric constant
measurements were carried out at different temperatures and frequencies. HR-SEM analysis was carried out in
order to study the nature and surface features of the grown crystals.
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INTRODUCTION

Recently, the growing of single crystals has helgddance modern technology. Nonlinear optical (Nb@)erials
have been studied extensively for their possiblgliegtions and are expected to play a major rolghotonic
technology such as telecommunication, optical cdmguoptical data storage and optical informatmncessing
[1-3]. A series of studies on semi-organic aminm aompounds such as L- argininium dinitrate [4],dtginine
hydrochloride[5], L- alanine acetate[6], and Glyeisodium nitrate[7] as potential NLO crystals hbeen reported.
L- alanine is an amino acid, and it forms a numbiecomplexes when reacted with inorganic acid aalts 40
produce an outstanding material for NLO applicatiolt is very clear from the previous reports ttreg physical
properties of NLO crystals can be enhanced by dppiith organic additives [8]. In this paper we repbe study
of the effect of thiourea on various physical pmipe of L-alanine single crystals. The presentkngives a
systematic study on the growth of pure Glycyl-L-#ilee (GLA) and thiourea doped GLA (TU-GLA) by low
temperature solution growth method. An attemptiteen made to improve the physiochemical propedfiegSLA
by adding thiourea as dopant.

SYNTHESIS

The recrystallized salts of Glycine and L-AlanideéR(grade chemicals from E- Merck India Ltd) weredisn the
present crystal growth experiment. The GLA seedtaly were prepared by dissolving equimolar ratici@e and
L-Alanine in Millipore water. The synthesized maaémas further purified by repeated recrystalli@atand it was
used for the growth of GLA crystals. [Yield: 60%nd&. (%) for GH1oN,O3 : Found: C, 39.83%; H, 0.59%; N,
18.58%; Calc.: C, 41%; H, 0.6%; N, 19.17%. FT-IRB¢(Kdisc, cn)1620 cnmi(vco-ni)]. The reaction that took
place in L-Alanine and Glycine in water medium ssfallows:
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Similarly 0.2 M of thiourea salts was used for ttewth of TU-GLA crystals respectively [Yield: 60%nal. (%)
for CsH1,N4O5 @ Found: C, 34.16%; H, 4.61%; N, 26.32%; Calc.:36,29%; H, 5.88%; N, 27.45%. FT-IR (KBr
disc, cm')1620 cmt(veo-nt); 820 cmt(ve-d)] single crystals. The structural formulae foroiliea doped GLA
crystals is as shown below:
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Figure 1 Photograph of grown crystal of GLA

GROWTH

The GLA solution was prepared in Millipore waterdaie temperature of the growth solution was maieth at
36°C using a constant temperature controller. Trarent good quality seed crystals formed due totspeous
nucleation were used for growth experiments. Trarest single crystal of dimension10x8x4 frwas obtained in a
period of 30 days. The photograph of as grown atygif Glycyl L-Alanine crystals is shown in Figute Similarly
crystals are also grown with thiourea as dopanurdted solution of GLA was prepared at room terapee and
the solution was filtered and thiourea was dope2 wt% after adding the dopant the solution is mg#irred well in
a closed vessel for more than an hour and thesdh#ion was filtered and dried in dust free atnhesp at 35°C.
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These crystals obtained with thiourea as dopantioadbservable morphological changes. The as gwystal of
dimension 10x5x4 mitis shown in Figure 2.

Figure 2 Photograph of grown crystal of TU-GLA

CHARACTERIZATION

SINGLE CRYSTAL XRD ANALYSIS

Single crystal X-ray diffraction (XRD) analysis &flycyl L-Alanine was carried out using BRUKER axappa
apex2 CCD diffractometer with MaK (A=0.71073A) radiation. It is observed that GlycylAlanine crystals
crystallize in the orthorhombic system and beloagP®2,2, space group which is recognized as non Centro
symmetric, thus satisfying one of the basic anermsal material requirements for the SHG activifyttee crystals.
The lattice parameter values were calculated as9s680 A, b = 9.565 A, ¢ = 7.436A. The volume oftwell
V=690 A and compared with the literature valuesg8d [10].

In the case of thiourea doped GLA crystals sligiiations in lattice parameters as well as celura values are
observed. The lattice parameter values were caézlilas a = 9.695 A, b = 9.564 A, ¢ = 7.437A, wigl wolume
V=710 A. The crystallographic data of GLA, TU-GLA@GU-GLA crystals are shown in Table 1.

Table 1 Crystal data of GLA and TU-GLA

Crystal System| aA | bA cA|l a| B | y [volumeA®
GLA 9.690| 9.565| 7.436 90 96’ | 9C¢° 690
TU-GLA 9.695| 9.564| 7.437 90 96’ | 9C¢° 710

wn

B

]
T T T T 1
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Figure 3 EDAX Spectrum of GLA
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Figure 4 EDAX Spectrum of TU-GLA

ENERGY DISPERSIVE X-RAY ANALYSIS

Energy dispersive X-ray analysis (EDAX) used injoaction with all types of electron microscope th@zome an
important tool for characterizing the elements gn¢sn the crystals. It is a microanalytical teciu@ that uses the
characteristic spectrum of X-rays emitted by thegla after excitation by high- energy electronse Tesults
obtained in the elemental analysis of GLA and TUAGItystals are shown in Figures 3 and 4. The EDA%csrum
confirms the presence of carbon, nitrogen, oxygeGLA grown crystals. In TU-GLA crystals, the prese of
sulphur confirms the inclusion of thiourea in th#ite of pure Glycyl L-Alanine crystals.

THERMAL ANALYSIS

The thermal behavior of GLA single crystal was &ddin the temperature range from 100°C to 800°@gus
NETZSCH STA 409C/CD system. Figure 5 shows the TGIAX curves. The DTA curve indicates that the materi
has an exothermic peak at 241°C which represeatm#iting point respectively. The TGA curve of GitAlicates
that the sample is stable from ambient up to 247G a weight loss of 33.62%. A systematic weigbtad was
observed as the temperature further increases dbevaelting point. The total weight loss of thenpde is 98.4%
at 300°C. It is observed that there is no phasssitian or decomposition up to the melting poind§2C) and also
there is no mass reduction or decomposition upd °Z indicating that one can crystallize this matey slow
solvent evaporation solution growth technique.
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Figure 5 TG-DTA traces of GLA

The thermal stability of pure and doped GLA singlgstal was estimated by TGA and DTA techniquee TGA
curve of TU-GLA indicates that the sample is stdbten ambient up to 242°C with a weight loss of6236. A
systematic weight loss was observed as the temyperhtrther increases above the melting point. ot weight
loss of the sample is 98.4% at 300 °C. The DTA eundicates that the material has an exothermik pe241 °C
which represents the melting point respectivelys lbbserved that there is no phase transitioneoohposition up
to the melting point (241°C) and also there is ressreduction or decomposition up to 200°C indicathat one
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can crystallize this material by slow evaporatiofuson growth technique. However in TU-GLA, the BPpeak is
largely shifted to 245 °C .This increment in thecalmposition temperature is evident for the dopegbtats,
suggesting that the substitution of thiourea enbarthe thermal stability of GLA crystal. The TG-DTfaces of
TU-GLA are shown in Figure 6.
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Figure 6 TG-DTA traces of TU- GLA

DIELECTRIC STUDIES

The dielectric analysis is an essential charadterttat can be used to get information based endiectrical
properties of a material medium as a function ofigerature and frequency. Based on this study, iiigyaof
storing electric charges by the material and abiit transferring the electric charge can be evalli®ielectric
properties are associated with electro optic ptygpef the crystals; particularly when they are iiasing
materials[11,12].Electronic and Microelectronicslustries need low dielectric constant materialamsnterlayer
dielectric [13].

The dielectric constant of GLA and TU-GLA crystalgre studied at different temperatures using HIGEB2
LCR HITESTER in the frequency region 50 Hz to 5 MiFmures 7 and 8 shows the plot of dielectric tamisg,)
vs log frequency.

The dielectric constant has high values in thegleBequency region and then drops with the apgdhieguency. The
very high value o, at low frequencies may be due to the existencallathe four polarizations namely, space
charge, orientation, electronic and ionic polaiatand its low value at higher frequencies maylbe to the loss
of significance of these polarizations progressivéirom the plot, it is also observed that dielectonstant
decreases with increasing temperature, which dependhe purity and perfection of the sample. Tagations of
dielectric loss (ta) with frequency are shown in Figure 9 and 10slbbserved that the dielectric loss decreases
with increasing frequency. The low value of diefecloss indicates that the grown crystals are otlarately good
quality. The larger values of dielectric loss (t&n at lower frequencies may be attributed to spacarge
polarization owing to charged lattice defects.dhde noted that the dielectric constant for TU-LAt¢ more than
that of LAH at all frequencies region. The very lgalue of dielectric constant at higher frequen@amportant for
extending the material applications towards phatogliectro-optic and NLO devices.
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Figure 7 Variation of dielectric constant with logfrequency for GLA
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Figure 8 Variation of dielectric constant not withlog frequency for TU-GLA
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Figure 9 Variation of dielectric loss with log frequency for GLA
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Figure 10 Variation of dielectric loss with log frequency for GLA

HR-SEM ANALYSIS

The micro-morphology of the growth axis was obseérlag a scanning electron microscopy (SEM) using 258
SEM analyzer.The crystals were cut into few mmdbserving the surface morphology. The SEM image&LA

and TU-GLA is shown in Fig.11 and 12. The HR-SEMmagraph reveals thatthe presence of dopant osutiace
of the doped thiourea crystals. The HR-SEM studigeal that the crystals are free from dislocatiamsl
impurities.

Figure 11 HR-SEM of GLA
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Figure 12 HR-SEM of TU-GLA

CONCLUSION

Single crystals of Glycyl L-Alanine (GLA) and thicea GLA (TU-GLA) has been successfully grown bywslo
evaporation solution growth method at room tempeeatThe effect of thiourea dopant on crystal props has
been studied. Single crystal XRD analysis confititms structure and change in lattice parameter salae the
doped crystals. GLA and TU-GLA single crystals tajlize in the orthorhombic system and belong tq222
space group which is recognized as non centrosyrmonétus satisfying one of the basic and essentiaerial
requirements for the SHG activity of the crystdlbe chemical composition and presence of sulphtrUrGLA
crystals was confirmed by EDAX analysis.

The TG/DTA analyses reveal that GLA is thermallgdé up to 242 °C while TU-GLA upto 250 °C. Henbte t
crystals can be used as a potential material fotgulic applications below this temperature.

Dielectric studies prove the low values of dielecttonstant and dielectric loss in the samplesigtt frequency.
The low value of dielectric constant and dieleckoiss at high frequencies enhance the utility efc¢hystals in their
applications. All the above studies confirm thetahility of the grown GLA and TU-GLA crystals fomptcal
devices and optoelectronic devices.
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