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ABSTRACT

Sngle crystal organic nonlinear optical materials of pure and S (11)-doped L-asparagine monohydrate (LAM) were
successfully grown by slow evaporation method at room temperature. The lattice parameter of the grown crystals
was subjected to single crystal X-ray diffraction method. The UV-Vis-NIR spectrum of pure and doped LAM possess
a wide optical transmission window of range 230 - 1100 nm. The grown compounds were also characterized by
FTIR analysis. The presence of S(I1) in the grown crystal was confirmed by Inductively-Coupled Plasma (ICP)
elemental analysis. The dielectric behaviour of the grown crystals has been studied at room temperature in the
frequency range 50 Hz - 5 MHz Thermal stability of the crystal was also studied by TGA/DTA and DSC analyses.
The mechanical strength of the grown crystal has been determined with the aid of Vickers hardness test. The
nonlinear optical property of the crystal wastested by Nd: YAG laser source.

Keywords: Solution growth; Optical analysis; Dielectric steslj Thermal analysis; Microhardness analysis.

INTRODUCTION

The search and design of highly efficient nonlingatical (NLO) crystals for visible and ultraviol@V) region are
extremely important for laser processing. In viewhis, it is desired to find new NLO crystals whibave a shorter
cut-off wavelength. High quality organic NLO crylstanust possess sufficient large NLO coefficieransparent in
UV region and high laser damage threshold powaltyegiow with large dimensions [1, 2]. Amino acidrhilies of
crystals are under extensive investigations inmetimes owing to their favourable nonlinear optigeoperties [3].
In general, most of the organic molecules desigioednonlinear optical applications are the derivasi of an
aromatic system substituted with donor and acceqibstituent’s [4, 5].

Asparagine is one of the twenty most common natmaho acids in living organism. It is a very imfant amino
acid because it plays a role in the metabolic cbmtr some cell functions in nerve and brain tissaed is also used
by many plants as a nitrogen reserve source [GH&gghis being part of different drug and foodadparagine
monohydrate ¢HgO3N».H,O (LAM) single crystal have orthorhombic structy and belong to space group
P2,2,2, with four molecules per unit cell and lattice pasders:a = 5.593 A,b = 9.827A,¢c = 11.808 A. The
molecule is in the zwitterions form and is linkembéther by seven distinct hydrogen bonds forminthrae
dimensional network. It is an interesting matet@ainvestigate as it crystallizes in structuresiliting a complex
network of hydrogen bonds among asparagines andrwaplecules [8]. Based on this, asparagine conmgboun
materials such as L-asparagine-L-tartaric acid (CAL9], L-asparaginium picrate (LASP) [10], L-aspgimium
nitrate (LAsN) [11] and L-asparagine cadmium clderimonohydrate [12] are proved to be good NLO apfitin
materials. Recently, investigation of Kindoped L-asparagine monohydrate single crystal been found to
improve the crystallinity, optical transparency andchanical strength that are useful for optoadeatrapplication
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as reported by Mohd.Shaldgral [13]. In this perspective the present work invelggowing of as-grown bulk single
crystals of pure and Sr(ll)-doped LAM by solutiorogth technique and subjecting to them single atyXtray
diffraction to confirm the cell parameter. The matwf constituents and functional groups presenh@écrystals
were confirmed by FTIR studies. The optical, digiecand microhardness studies of both pure anceddpAM
crystals were carried out. Thermal stability of \gnocrystals has been analyzed with the aid of TGAA and
DSC. The NLO property of the title compounds wasficmed by powder technique of Kurtz and Perry.

MATERIALSAND METHODS

2.1. Solubility of LAM

The solubility test gives a key to select the tsmdvent and temperature to grow good quality ctgstia solution
growth technique, selection of a solvent, whichmisderately soluble, plays a major role. The soiybdf LAM
was tried for different solvents like water, acetpethanol and their mixtures. It is found thatevas suitable to be
good solvent to crystallize LAM. Hence the solupilstudies for LAM in water have been performedtlie
temperature range between@@nd 46C in steps of £. The measurement was performed by dissolving LM
in 100 ml of triply distilled water in an air tigltontainer maintained at a constant temperaturke egntinuous
stirring. After attaining saturation, the equililom concentration of the solute was analyzed gravicadly. The
same procedure was repeated for Sr(ll)-doped LAMagalifferent temperatures. The solubility cufee different
temperatures is drawn and shown in Fig.1. As teatpes increases, the solubility of both pure angedosalts is
found to increase.
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Fig.1. Solubility curve of pureand Sr(I1)-doped LAM crystals.

2.2. Growth of pureand doped LAM crystals

The commercially available L-asparagine monohyd(@i#isOsN,.H,O) from HiMedia Company was purified by
repeated recrystallization process using triplyilthsl water. Since the solubility is high (29.5 gn100 ml of
solvent), it is easy to grown good quality singtgstal of suitable size. The seed crystals werainbt after 10
days and among them the defect free and perfebdpes] ones with high transparency were used asebd
crystals for further growth experiments. The semsdtals were first seasoned in the mother solutidhe mason jar
crystallizer using nylon thread and then allowedjtow into bigger size. The jar was covered witif@ated lid to
facilitate the slow evaporation of the solvent abastant temperature of 305 K. A good LAM transpaicrystal of
dimension (13.9 x 7.8 x 5.1 mijrwas obtained in a period of 15 - 20 days. Thetafytends to grow flat and was
colourless with good transparency. The photogrdgheogrown crystal of LAM is shown Fig 2(a). Siegirystal of
Sr(ll)-doped LAM was grown by dissolving stoichiotme amount of L-asparagine monohydrate in 100 niplyt
distilled water and then followed by addition of @l % of strontium chloride to the above transpamlution
under magnetic stirring. The growth experimentseagarried out using the same procedure adoptdteicdse of
pure LAM. The crystals tend to grow bigger thanepane (21.4 x 13.2 x 7.3 nijrand were harvested in the grown
period of 25 days. Fig.2 (b) shows the photogrdp®r(ll)-doped LAM single crystal.
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Fig. 2. Photographs of as-grown: (a) pureLAM (b) Sr(I1)-doped LAM crystals
RESULTSAND DISCUSSION

3.1 Singlecrystal X-ray diffraction analysis

The single crystal X-ray diffraction studies of puand Sr(ll)-doped LAM single crystals were catraut using a
Bruker AXS Kappa APEX Il single crystal CCD difftacneter equipped with graphite-monochromated MoK
radiation § = 0.71073A) at room temperature with crystal disien of 0.35 x 0.25 x 0.15 and 0.36 x 0.23 x 0.21
mn?. Intensity data was collected and accurate unitpgrameters were determined from the reflectioh86
frames measured in three different crystallograpbites by the method of difference vectors. The jaund doped
LAM crystal crystallized in orthorhombic crystalstgm with space group B22;. The lattice parameters are shown
in Table.1. The results of the present work argdad agreement with the reported values [7]. Incése of Sr(ll)-
doped LAM crystals, slight variations in the lagtiparameters and cell volume were observed. Trasgions may
be attributed to the incorporation ofSn voids space of the LAM.

Table 1. Single crystal XRD data of pureand Sr(I1)-doped LAM crystals.

Crystal Parameters Pure LAM Sr(Il)-doped LAM
a(A) 5.597 5.551
b (A) 9.819 9.765
c(A) 11.792 11.764
Volume(A%) 648.05 637.67
Crystal System Orthorhombic Orthorhombic
Space group R2:2, P22:2,
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Fig.3. UV-Vis-NIR transmittance spectrum of a pureand Sr(I1)-doped LAM crystal

3.2. UV-Vis-NIR spectral analysis

The UV-Vis-NIR transmission spectra of the crystatse recorded in range 200 to 1100 nm using Vatiary 5E
spectrometer. It gives limited information abou gtructure of the molecule because the transroétaf UV and
Visible light involves promotion of the electromsthes ‘andr ‘orbital from the ground state to a higher energyest
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A nonlinear optical material can be of practicaé umly if it has a wide transparency window. Figi®ws the
transmittance spectrum of pure and doped LAM ctyStae lower cut-off wavelength is found to be 82 m and
236 nm for pure and Sr(ll)-doped LAM respectivdlyis clear that LAM crystal has good optical trpasency in
the complete UV-Vis region and optical transparen€ySr(ll)-doped LAM crystal increases the percgetaf
transmission. This confirms the incorporation of tihetal dopant [13]. In the visible region, thestay is highly
transparent and it could be used for optoelectrapplication [14].

3.3FTIR analysis

The recorded FTIR spectrum of pure and Sr(ll)-dopé#1 were recorded on Perkin-Elmer FTIR spectromete
using KBr pellet in the range 4000 - 450 tnThe FTIR Spectra of both the pure and doped LAWstals are
shown in Fig.4 (a) and (b) respectively. A peakesgypd at 3447 chindicating the presence of O-H stretching
vibration. The intense and fairly sharp band at2388i* should be assigned to the Nbtretching vibration. The
appearance of the broad band at 3110 can only be due to the NHtretching vibration confirming the zwitter
ion structure of the molecule. The €symmetric stretching vibration is observed in 2@62". The band at 1643
cm® is attributed to N deformation vibration in FT-IR spectrum. The pealt#ained at 1428 cris due to
symmetric vibrations of COO Other characteristic vibrations establishing ithentity of the functional groups
present in the compounds are represented in TaAlB@FTIR Spectra of both the pure and doped LAdvificm
the structural aspects of pure compounds. Althabhghspectrum of Sr(ll)-doped LAM provides simil@afures as
that of pure LAM, there is slight shifting obsetivesuggesting that it may be due to the incorpomatif Sf* ions in
the lattice of LAM.
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Fig.4. FTIR spectrum of (a) pureLAM (b) Sr(l1)-doped LAM

Table 2. FTIR spectral assignments of pureand Sr(I1)-doped LAM

Wave number (cr)
Pure LAM  Sr(ll)-doped LAM

Vibrational Assignments

3447 3447 O-H stretching
3382 3392 NH stretching
3110 3110 NH' stretching
2952 2944 C-H stretching
2000 2000 N-H stretching
1643 1651 NH" deformation
1528 1518 NHbending
1428 1425 COGym. stretching
1360 1356 CH bending
1314 1314 CHwagging
1235 1235 NHrocking
1149 1149 NH' rocking
1074 1074 C-N stretching
910 910 CHrocking

807 808 C-C stretching
666 663 HO rocking

511 520 C-N torsion
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3.4. 1CP elemental analysis

ICP (Inductively Coupled Plasma) is an emissioncspphotometric technique, based on the fact thatted
electrons emit energy at a given wavelength as thyn to ground state. The fundamental charatierof this
process is that each element emits energy at gpe@felengths peculiar to its chemical charactéis technique
is used to find qualitative and quantitative defeation of strontium present in the LAM crystal. & result shows
that the amount of strontium present in the samle determined as 26.7 ppm for strontium waveleog#07.771
nm. From the obtained results, it has been confirthat the concentration of strontium concentradiompresent in
the sample. It is also confirmed that'3ons have entered into the crystal lattice of paaagine monohydrate.

3.5. Dielectric analysis

The dielectric study of pure and Sr(ll)-doped LARhgle crystals were carried out using HIOKI 3532450R
HITESTER and a conventional two terminal sampledénl In order to ensure good electrical conduciveenh the
crystal and the electrodes, silver paint was agpitethe surfaces of the crystals. Dielectric mezments were
made in the frequency range 50 Hz to 5 MHz at reemperature. Fig.5, shows the variation of dieleatonstant
(er) as a function of frequency of pure LAM and Srdhped LAM crystals. It is observed that the ditdec
constant has higher values in the lower frequeagion and then it decreases with applied frequehieg.very high
value ofeg, at low frequencies may be due to the presencelldha four polarizations namely space charge,
orientational, electronic and ionic polarizatiorheTlow value ok, at higher frequencies may be due to the loss of
significance of these polarization gradually. Sariif, the variation of dielectric loss with frequgrs shown in the
Fig.6. In the case of Sr(ll)-doped LAM the samenttds observed with reference to pure LAM. Howeites
marginally altered in the dielectric nature of pu#M, which may be due to the incorporation of nietapant. It is
confirmed that the grown crystals possesses entamptical quality with fewer defects, and this paeder is of
vital importance for various second harmonic geti@naapplications [15, 16,].
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Fig.5. Dielectric constant of a pureand Sr(l1)-doped LAM crystals
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Fig.6. Dielectric Lossof a pureand Sr(I1)-doped LAM crystals
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3.6. Thermal analysis

The Thermo gravimetric analysis (TGA) / Differemtihermal Analysis (DTA) and Differential Scanning
Calorimetric (DSC) analysis of pure and Sr(ll)-ddpeAM crystals were performed in the temperaturegea20 to
800°C using SDT Q600 V20.9 Build 20 analyzer, underogien atmosphere and a heating rate ofQ/nin was
maintained. From Fig.7 (a) for pure LAM crystalethGA curve shows three stages of weight loss.fiFbiestage
(between 102 and 20Q) is about 11 % due to the evaporation of adsoviegdr. The second stage is between 207
and 250°C and the third stage is between 258 and“&®With a weight loss of 24 % and 38 % due to therftion
of volatile substances. The remaining residue i®®@hich is upto 800C. From the DTA curve, there is sharp
endothermic peaks at 113.45is showing the thermal stability of the crystaitBin the case of Sr(ll)-doped LAM
crystal, the decomposition temperatures slightagim than pure LAM crystal as shown in Fig.7(bxAding to
DSC curve, the decomposition peaks exactly matelitasDTA trace. Fig.7(C) shows DSC curve of bothrgpand
Sr(ll)-Doped LAM crystals, the curve shows that treaks of doped LAM crystal are slightly lower ialwe and
shifted accordingly. This supports the fact of immration of isovalent ion &rin the host crystal [17]. There is a
reduction in the decomposition temperature of tbped crystal which is attributed to the decreasdtité energy
caused by the addition of metal ion [18].
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Fig.7 (b). TG/DTA Curveof Sr(Il)-Doped LAM crystal
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Fig. 7 (c). DSC Curveof pureand Sr(I1)-Doped LAM crystals

3.7. Microhardness analysis

Mechanical properties of the pure and Sr(ll)-dop&d1 single crystal were studied by making indergas on the
selected (011) plane using a Reichert MD 4000Eauthicro hardness tester fitted with a Vicker's disuth
pyramidal indenter. The static indentations were@lenat room temperature with a constant indentdtioe of 3 s
for all indentations. Vicker's microhardness numfiy)) was evaluated from the relation:

H, - 1.8544 P / t((kg/mnt)

Where ‘P’ is the applied load and ‘d’ is the meaagdnal length of the indenter impression. A pletvieen the
load P and hardness numbey isl shown Fig.8 (a). The hardness number was faaridcrease with increase in
applied load up to 20 g. After 20 g the hardnessreeses with increasing load. Beyond the load of3the
hardness value increase slightly with the load.hSoehaviour were observed for both LAM crystalse Thight
increase in micro hardness with increase of loaddcbe attributed to the heaping up of materighatedges of the
impression made by the diamond pyramid. Same tedsml observed in Mii doped LAM crystal [13].The His
found to be 103.82 and 108.72 kg/ffor pure and Sr(ll)-doped LAM crystal at 75 g. Rrdhe results, it is
observed that the hardness of the pure LAM cryisizeases when it is doped with Sr(ll). This incean the
hardness value of doped sample can be attributdtetimcorporation of an impurity (strontium) irethattice of the
LAM crystal. Plots of log P versus log d for theogn crystals are shown in Figure 8(b). It can bensthat log P
versus log d is linear for both the crystals arelglope of the straight line gives the work hardgrdoefficient (n).
The values of ‘n’ were determined to be 1.98 ardd 2espectively. According to Onitsch, K < 1.6 is for hard
materials and n > 1.6 is for soft materials [19jisTsuggests that the pure and"$ioped LAM crystals belongs to
soft material category. Because of the high medahrstrength, both crystals can be very well usaddivice
fabrication.

115
—&— Sr(Il) - Doped LAM

1104 —e— Pure LAM
"
/ .¥. -_— . =
u
u

S

/)

1054

1004

H, (Kg mm™®)

95

90

st
0 10 20 30 40 5 60 70 80

Load P ( X10° Kg)

Fig.8 (a). Variation of (H,) with load (P) for pureand Sr(Il)-doped LAM crystals
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3.8. Etching analysis

To get the preliminary idea about the quality && drown crystals, etching technique has been eraglotching
process was done on the (011) face of the Sr(lpedd.AM crystal with water as an etchant for 10,&2@ 30 s
were carried out and are shown in Fig.9 (a),(b) @)aespectively. Each time, surface of the cilystes observed
by high magnification (4000X) REICHERT POLY VAR 2 BT microscope. The etching analysis shows
predominant straight striations on the grown ciysthe size of the pit increases with the increafsetching time.
The pit pattern remains the same. The observedpéichre due to the layered grown of the cry3tais shows how
the crystal would have been formed from the sofufo].

AN

Fig. 9. Etching micrographs of Sr(I1)-doped LAM (a) 10 s(b) 20sand (c) 30 s.

3.9. Second har monic generation (SHG) studies

The SHG efficiency was measured for the grown pame doped LAM crystal using the Kurtz and Perry
experimental technique [21]. A Q-switched Nd:YAGda emitting a fundamental wavelength of 1064 nra used
with an input power of 0.5 J, pulse width of 8 mpetition rate of 10 Hz. The crystals was groundana
homogenous powder of particles and densely packédeen two transparent glass slides. The secorndomée
signal generated was confirmed from the emissiogreén radiation\(= 532 nm) from the samples. The intensity
of the green light was measured using a photonfieitiube. The SHG efficiency of the grown crystals found to
be 2.7 mJ and 2.9 mJ were obtained for pure arl)-8oped LAM respectively. A sample of powderedassium
dihydrogen phosphate (KDP) was used as the referematerial in the SHG measurement. The standard KDP
crystal gave a SHG signal of 8 mJ per pulse forstmae input energy. From the obtained data, wusd that the
SHG efficiency of the pure LAM sample is 0.33 tinza®l that of the Sr(ll)-doped LAM sample is 0.36ds of the
well known KDP crystal.

CONCLUSION

The single crystals of pure and Sr(ll)-doped L-aggiae monohydrate organic crystal were grown fiaguoeous
solution by slow evaporation technique under roemgerature. The grown crystals are transparenhaund well
defined external appearance. Single XRD studiediroorthat both pure and doped LAM crystals crystallin
orthorhombic crystal structure. The UV-Vis-NIR spuidentified the UV cut-off wavelength of pure addped as
230 nm and 236 nm respectively. The FTIR spectrumfions the presence of functional groups of grown
compounds. ICP elemental analysis confirms thegmass of strontium in the grown crystal. The diefecstudies
reveal the low dielectric constant and dielectigsl of the crystal at high frequency region. The\MT A and DSC
studies show that the Bimpurity have slightly altered the thermal stailbf the molecules. The micro hardness
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studies indicate the soft nature of the crystals Interesting to note that the incorporatiordopant have slightly
improved the hardness of the parent. Etching ofvgr&r(ll)-doped LAM crystal shows the crystallinerfection.
The second harmonic generation of grown crystabwéudied by using Kurtz and Perry powder technique
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