Trade Science Ine.

ISSN : 0974 - 7486 Volume 9 Issue 11

A Tndéian Yournal

— Pyl Paper

M SA1J, 9(11), 2013 [428-432]

Growth and characterization of Glycyl L-Alanine single crystals for
NL O devices

P.Malliga!, C.Alosious Gonsago?, A.Joseph Arul Pragasam*
1Department of Physics, Sathyabama Univer sity, Chennai - 600 119, Tamil Nadu, (INDIA)
2Department of Physics, A.J. College of Engineering, Chennai - 600 302, Tamil Nadu, (INDIA)

ABSTRACT

The crystalline material of Glycyl-LAlanine (GLA) was synthesized and
the single crystals of the title compound grown by slow evaporation
solution growth technique. The powder was characterized through XRD
and FTIR technigues. EDAX studies indicated the presence of elements
inthegrown GLA crystals. The UV-Vis- NIR spectral studieswere carried

KEYWORDS

Non linear material;
EDAX;
UV-VisNIR;
TGA/DTA;
Dielectric studies.

out to analyze the optical absorption of the grown crystals and was found
that the absorption is very low in the wavelength region between 250-
1000nm. Thethermal stability of the crystalswas studied using TG/DTA
analysestechniques. The second harmonic generation (SHG) of the material
was confirmed by using Nd:YAG laser. The dielectric constant and

dielectric loss of the grown crystal was measured.
© 2013 Trade ScienceInc. - INDIA

INTRODUCTION

TheNLO materidsplay pivota rolein SHG, laser
technol ogy, optoel ectronics, optical communications,
optical datastorage and optical signal processing™*®.
Thankstotheextremey high optica nonlinearity pos-
sessed by the organic molecular crystals, they steal a
march over theinorganic analoguesinthe potential ar-
eas of applications akin to el ectro optic modul ations,
frequency doubling of lasers, etc. Theformer classof -
comprehensive properties. Amino acid crystals are
widely used and thoroughly studied NLO crystals. L -
aanineisoneof the 20 proteinogenic amino acidsand
has been currently recognized as one of themost abun-
dant amino acids in natural proteind® L-Alanine
(CH,CHNH,COOQH), the simplest acentric member
of theamino acid family wasfirst crystdlized by Bernd(”

and later by Simpsonet. a® and Destroet.al®, who
refined the structure (a=6.032 A, b=12.343 A,
c=5.784A) and assigned it the P2,2 2, space group.
Many researchershavetried to modify the properties
andthegrowth rates of theamino acid crystal by either
changing thegrowth conditions or by adding different
impurities. This paper reportsthe synthesis, growth
aspect, optical, thermal, and electrical properties of
dipeptide Glycyl-L-Alaninecrysta whose SHG effi-
ciency has been estimated to be 18% that of KDP.

EXPERIMENTAL

Crystal structure

Theunit cdl for crystdline GLA containsfour mol-
ecules. Thelatticeiscomposed of columnsof molecules
inwhich boththeamine (N1) hydrogen and theamide
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(N2) hydrogen are oriented towardstheterminal car-
boxyl oxygen (02/3) in order to facilitate hydrogen
bonding. Moleculeswithinthecolumn existinlayers
and formshead — to — tail hydrogen bonds. Each mol-
eculeisconnected viahydrogen bondsto seven neigh-
boring molecules. The peptide carboxyl projectsintoa
hydrophobic cavity with no strong hydrogen bondswithin
a4dradiusaroundit. Thelattice structure and hydrogen
bondingin GLA isshownin Figurel.
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Figurel: Latticestructureand hydrogen bondingin GlyAla.

Crysal growth

Therecrystallized sdltsof Glycineand L-Alanine
(AR gradechemicasfrom E- Merck IndiaLtd) were
used inthe present crystal growth experiment. Theseed
crystaswere prepared by dow evaporation of GLA in
millipore water at room temperature. Good size and
optical quality of GLA are grown in aperiod 50-52
days. Thetemperature of the growth solutionwasmain-
tained at 36°C using a constant temperature controller.
In thispresent work, two dropsof hydrogen peroxide
were added to the solution of Glycyl L-Alaninetoin-
hibit the growth of micro organismg*®tl. Thegrowth
solution was stirred continuoudy during the growth of
the crystal to maintain homogeneity. Figure 2 shows
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Figure2: Photographsof asgrown GLA singlecrystals
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photographs of asgrown crystals of Glycyl L-Alanine
crydds.

CHARACTERIZATION

Singlecrystd X-ray diffraction (XRD) analysisof
Glycyl L-Alaninewascarried out using Enraf- Nonius
CAD4 X-ray diffractometer with MoKa
(A=0.71073A) radiation. The FTIR spectra of the ma-
terialsinthe wavenumber range of 400-4000cm™* was
recorded on aK Br pellet technique. The percentage of
all the elementsin the grown crystal's has been con-
firmed by INCA 200 energy dispersive X- ray ana
lyzer (EDAX). The optical absorption spectrum of
grown crystal swastaken using Perkin ElImer UV-Vis-
NIR spectrophotometer in the range 200-1200nm.
Thermal studies(TGA/DTA) wascarried out Simulta-
neoudy inthetemperature range between 25°-1200°C
at a heating rate of 10° C using the instrument
NETSZCH STA 409C/CD. The SHG efficiency was
measured with respect to KDP by Kurtz and Perry
powder technique using aQ-switched Nd: YAG laser
withfirst harmonic output of 1064nm. Dielectric mea-
surement was carried on GLA using the instrument
HIOKI 3532-50 LCR Hitester.

Singlecrystal x-ray diffraction

Thephysical propertiesof thesingle crystal may
change when the defects are created during growth.
Also, thequality of thecrystal highly dependsonthe
method and materid used for thegrowth. Themechani-
cd damagesaremoreviableinthecaseof organiccrys
talsbecause of their soft nature. Single crystal X-ray
diffraction studies havebeen carried out to confirm the
crystdlineandto caculatethelattice parametersof the
grown crystals. It isobserved that Glycyl L-Alanine
crystascrystalizein the orthorhombic system and be-
long to P2,2 2, space group which is recognized as
non centrosymmetric, thus satisfying one of thebasic
and essentia materia requirementsfor theSHG activ-
ity of the crystal§*2. Thelattice parameter valueswere
calculated asa=9.695A, b=9.564 A, c =7.437A
and compared with theliterature values®3.

FT IR spectrum

TheFT-IR Spectrum of Glycyl L-Alaninecrystd is
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shownin Fgure 3. N-H stretching frequenciesof amino
group arefound between 3100 cm and 2600 cn for
LA crystal. The LA compound shows absorption at
1618 cmrt indicating the presence of primary amino
group. Thecharacteristic absorptionfor the-NH group
inthearomaticringisobserved at 1306 cm™ for LA.
The broad absorption around 3080 cnrindicatesthe
co presence of C=0 stretching and O-H stretching.
The broad envel ope between 2150 cnt and 3900 cmr
tincludesoverlapping of stretching modesdueto N-H
and C-H. The peaks at 1568 cm* and 1454 cm™ are
duetothe symmetric and asymmetric stretching modes
of NH.*" and COO'. respectively. The FTIR spectra
and the corresponding band assignment clearly indicate
the presenceof functiona groupsinthegrown sample.
Moreover the presence of absorption peak at 1620
cm'* confirmsthe presence of peptide bond between
L-Alanineand Glycing*. Thewavenumbersobserved
from therecorded spectraarefoundto bein closeagree-
ment with theliteraturevalues®>7.
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Figure3: FTIR of GLA singlecrystal

EDAX analysis

Energy dispersive X-ray anadysis(EDAX) usedin
conjunction with al typesof e ectron microscope has
become animportant tool for characterizingtheele-
ments present inthe crystals. Theresultsobtainedin
EDAX of thedoped crystal are showninFigure4 with
itsquantization valuesasgivenin TABLE 1. Thiscon-
firms the presence of all the elementsin the grown
sample.
Optical absorption

Inorder to get aninsight on the perfection andim-
Woteviaty Science Cmmm—

purity content of Glycyl L-Alaninecrystals, UV-Vis-
NIR studiesare carried out between 200nm-1200nm.
Therecorded absorption spectrum of GLA crystalsis
showninFigureb. It isseen from the spectrathat for
thegrown crystal absorptionisnot observed between
400nm to 800nm (visibleregion). Theabsence of ab-
sorption of lightinthevigbleregionisanintringc prop-
erty of dl theaminoacids™®. Thecrystd ishighly trans-
parent inthe entirerange (250nm-1200nm) without any
absorption peak, whichisan essential parameter for
NLO crystals. The maximum absorption liesaround
250nm. Thistransparent nature of crystalsinthe UV-
Vis-NIR region can be exploited for variousNLO ap-
plications.
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Figure4: EDAX spectraof GLA singlecrystal
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Figure 5: UV-visible absor ption spectra of GLA single
crystal

Thermal analysis

Thethermal behavior of GLA singlecrysta was
studiedinthetemperaturerangefrom 100C° to 1400C°
at a heating rate of 25/10(K/MINO /1400 IN THE
Nitrogen atmosphereby using NETZSCH STA 409C/
CD system. Figure5 showsthe TGA/DTA curves. The
DTA curveindicatesthat the material has an exother-
mic peak at 235C° which represents the melting point
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respectively. The TGA curveof GLA indicatesthat the
sample is stable from ambient up to 242 C° with a
weight lossof 33.62%. A systematic weight losswas
observed asthetemperature further increases above
themelting point. Thetota weight lossof thesampleis
98.4% at 300C°. It is observed that there is no phase
transition or decomposition up to the melting point
(235C°) and also there is no mass reduction or de-
composition up to 200C° indicating that one can crys-
talizethismateria by 4 ow evgporation solution growth
technique. Thecrysta isfound to be stablein the Ni-
trogen atmosphere under normal humidity conditions.
Thestability of thiscrystal isauseful property for its
possibleNLO applications.
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Figure6: TGA and DTA curvesof GLA singlecrystal

Nonlinear optical studies

The SHG efficiency of grown sampleswas mea-
sured by using the Kurtz powder technique®®. Inthis
technique, thegrown crystalsweregrounded into fine
micro crystalline powder and densaly packed between
two transparent glass dlides. The fundamental beam
1064nm from Q-switched Nd: YAG laser (Prolab 170
Quantaray, pulsewidth 8ns, repetition rate 10 Hz) was
madetofal normaly onthecrystaline powder densdy
packed inamicro-capillary tube. Thebright emission
of greenlight from the pureand doped samples (A=532
nm) confirmsthe second harmonic generation behavior
of crystals.

Dielectric studies

The cut and polished surface of GLA singlecrystal
was mounted between the el ectrodes to measurethe
dielectric constant and dielectricloss. The capacitance
was measured in thefrequency range between 10 and
10° Hz for different temperatures (50K, 100K, and
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150K). Figure 7 and 8 shows the diel ectric constant
anddidlectriclossof GLA crystd for different tempera
turesand different frequencies. Thedid ectric congtant
of GLA isincreasinginthelower frequency regionand
asotheresonanceeffectismoreinthelower frequency
region. Thedidectric congtant of organic crystasshows
resonance effect in thelower frequency region?”. A
similar effectisobserved for GLA singlecrystalsa so.
Thelarger values of dielectric constant at lower fre-
guencies may be attributed to space charge polariza-
tion dueto charged latticedefects?. Thedidlectricloss
also decreaseswith increasing frequencies. Thelow
vaueof didectriclossindicatesthat thegrown crysta
isof good quality.
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Figure 7 : Variation of dielectric constant with log frequency
for GLA single crystal
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Figure 8 : Variation of dielectric loss with log frequency for
GLA single crystal

CONCLUSIONS
Opticdly clear pure GLA crysta shavebeengrown
successfully by slow evaporation solution growth tech-
nigque from aqueous solution. XRD and FTIR studies
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confirmed theidentity of grown crystals. The EDAX
studies suggest the presence of al theel ements present
inthecrystal lattice. Optical assessment show that the
grown crystal hasalargetransmission window and it
may be used for frequency doubling and other NLO
applications. Thethermal behavior of the GLA crystal
wasandysed by TGA/DTA studiesand thethermd sta
bility of thematerid was determined. Thepowder SHG
efficiency of GLA single crystalsis 18% that of KDP.
Thelower valueof didlectric constant from dielectric
studiesisasuitable parameter for the enhancement of
SHGggnds
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