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Abstract: Nucleation parameters such as surface energy peratga, energy per unit volume, radius of
critical nucleus, critical free energy barrier, menof molecules in the critical nucleus and nuchearate have
been evaluated for L-arginine maleate dihydratglsinrystals. The theoretical predictions of optied growth
conditions were confirmed by growing the crystahgssolution growth technique and can grow bulkstay
with good optical quality with less poor. Unit cethirameters are confirmed by single crystal X-rdfyattion
studies. Photoluminescence study is carried fogtban crystal and the result reveals that vidigbriescence
emission occurs at 395 nm. Second harmonic geaerafficiency of the crystal was determined by Kuwhd
Perry powder technique.
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1. Introduction

Amino acid family based nonlinear optical crystale considerable interest towards the researchers d
to its peculiar features such as weak Vander Warashydrogen bonds, wide transparency range inisitgle
region and zwitterionic nature of the moleculese§é materials are finding a number of applicatiies
frequency conversion, optical switching, light mtadion and optical memory storage [1]. BelongshattL-
arginine maleate dihydrate single crystal is rdgeniscovered organic nonlinear optical materiald an
characterized. Thus LAMD single crystal was fouaaitystallizes in triclinic system and non-centrosyetric
space group { Cell parameters were found to e 5.27A, b = 8.04A andc = 9.79A; a = 106.15°8 =
97.26° andy = 101.64° with unit cell volume V= 383.4¢°. Recently, T. Baraniraj et al reported that second
harmonic generation efficiency of the crystal i fimes that of standard material KDP. Even thosgberal
reports are available for the growth and charazatidn of LAMD [2-6], there is no report is availalon the
nucleation kinetics at various temperatures of ttthte compound. However, the grown crystals haveeso
defects and transparency was poor. In order to gnystals with optical qualities for NLO applicat® a
systematic investigation is necessary. Hence, énptiesent investigation the nucleation parametevar@ous
temperatures of the LAMD were investigated. Morepwaptical materials are required photoluminescence
study, is also carried out in this paper.

2. Solubility data

The solubility data of the material are very essgifior analysing the growth conditions.The solitpil
data of LAMD were obtained using gravimetric anidyet temperaures 303, 308, 313, 318 K. The sdtybil
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curve of LAMD is shown in Fig. 1. It is found thidie solubility of the material increases linearlighwincrease
of temperature. The solubility data provide infatian to prepare saturated solutions at differemtperatures
and to estimate the interfacial energy of the tsmtucrystal interface.
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Fig. 1 Solubility curve of LAMD crystal

3. Nucleation kinetics

In the present investigation, LAMD was grown usshgw evaporation of the solution. During the cri/sta
growth from the mother solution, a nucleus is fadmethe initial stage. The change in Gibbs freergn AG)
associated with the formation of the nucleus istemias

AG = AGs +AGy (1)

where AGs is the surface excess free energy AGg is the volume excess free energy. When the crystal
nucleus is formed well within the mother phase, tifpee of nucleation is termed as homogeneous nimea
For homogeneous nucleation, the nucleus is asstortée spherical. For the spherical nucleus,

AG = dnr’c,+ 4 i’ AGV (2)

wherego, is the interfacial or surface energy per unit aard AGv is the volume free energy change per unit
volume and it is a negative quantity. Accordingctassical nucleation theory (CNT) the surface epergs
assumed to be same throughout nucleation. Thialisdccapillarity approximation. As the nucleus gsoin
size, AG increases, attains maximum and then starts deogealhe size corresponding to maximum free
energy change is called critical nucleus. At thdcal stage, the conditionedG)/dr = 0 is applied to obtain
the radius of the critical nucleus)(end critical Gibbs free energy changes(). The expression for nucleation
parameters are thus obtained as,

' =- 204 AGV (3)
and AG = 161 6,13 AGV? (4)
The value ob, is estimated from the following expression [7]eivoy-
6o = (KT/&) [ 0.173 — 0.248In ()] (5)

where k is the Boltzmann constant , T is the teiedoee, a is the inter-ionic distance anglis the mole
fraction of the solute at equilibrium. The volumeess free energy is calculated using the expnessio

AGV = - (KTAV) InS (6)

where v is the specific volume and S (= §/i8 the supersaturation. Here, C is the actuateoimation of the
solution and Cis the equilibrium concentration. The number dfical nuclei formed per unit time per unit
volume is known as nucleation rate which is givgrthe Arrhenius reaction velocity equation. Thelaation
rate (J) is given by Becker and Doring [8] as,

J = A exp{ -AG*/KT} (7
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where A is the pre-exponential factor and its vasugG® for nucleation from solution [9]. Hence the urfitlds
number of critical nuclei per chper sec. SincAG*/kT is a dimensionless quantity, the unit of Assme as
that of J.

The classical nucleation theory makes use of tpdladty approximation in which the surface energy
0, iS assumed to be same throughout nucleation fanen@tical simplicity. In real situation, the sudanergy
and other properties will change in the micro lestelge. Jayaraman et al [10] have derived an esipreor
the surface energy as a function of size of théemscand the expression is written as

6 =oo[ 1-6/r] (8)
where J is the size of the monomer.

Wheno,is replaced by in the Gibbs free energy change equation (2)cépdlarity approximation is
corrected. After this correction, the expressianiacleation parameters are modified as

I' = (6o AGV) [ 1+(1-AGV/ 65)7 (9)
and AG =4ur [oo(r'-8)- (1/3) r* AGV] (10)

Using the classical nucleation theory (CNT) and fifiedl classical nucleation theory (MCNT), the
nucleation parameters have been calculated for LAdDifferent supersaturation and temperaturesleTab
presents the nucleation parameters of LAMD caledlatsing the equations (3), (4), (5), (7), (8), 48y (10)
with A = 10 for CNT and MCNT. The surface energyis found to decrease with increase of temperattire.
is observed that the volume free energy changeup#rvolume increases with supersaturation at adfix
temperature. Consequently, the critical raditisgnd critical free energy changeQ) decrease with increase
of supersaturation. As a result, the nucleatioa matreases considerably with increase of supeetain at a
fixed temperature. Hence, it is a sensitive fagthich controls the growth of the crystal. The sgpéuration
for which nucleation rate J=1 is called criticalpstsaturation ($ Figs.2 and 3 show the plots of
supersaturation against nucleation rate at diffetemperatures 303, 308, 313 and 318 K using CNd an
MCNT. The predicted critical supersaturations amgntl to be 1.73, 1.72, 1.67 and 1.58 and 1.69, 163
and 1.54 at different temperatures 303, 308, 33 K using CNT and MCNT respectively. Fig.4 skow
the plot of crititical supersaturation against temgture using CNT and MCNT.

4. Experimental

Analytical grade of L-arginine and maleic acid welissolved in double distilled water and stirred
continuously using magnetic stirrer to get a saturasolution. Then the prepared solution was &lteand
allowed to evaporate by slow evaporation at roomperature. After the period of 30 days, good qualit
single crystals harvested.

Single crystal XRD studies were carried out usimgkBr Kappa APE XlI single X-ray diffractometer
to confirm the grown crystal. Fluorescence speuwtesie recorded with the help of Perkin Elmer LS45UV
fluorescence spectrophotometer. Nonlinear promedfeLAMD crystals was confirmed by Kurtz and Perry
powder technique using Q-switched high energy Nd3vlaser (QUANTA RAY model LAB-170-10).

5. Results and Discussion
5.1 Single crystal XRD

Single crystal XRD data of the grown crystal isrfdwout by using Bruker Kappa APE XllI single X-ray
diffractometer with Mok, (A = 0.71073A). In order to obtain the crystal datd AMD single crystals were
collected by subjecting the samples to single aiy$RD. It is observed from the single crystal XRBta that
LAMD crystallize into triclinic system and belong the space group of PThe lattice parameters ages= 5.27
A, b=8.04A andc = 9.79A; a = 106.15°5 = 97.26° and/ = 101.64° with unit cell volume ¥ 383.42A°,
These values agreed well with the reported valligk [
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Table 1 Nucleation parameters of LAMD

Temperatu  Surface AGYX1T " (A) AG" x 10%mJ AG'IKT
re energy(©.) S 3
(K) mJ/mZO mJ/m CNT MCN CNT M$N CNT MC-:I_NT

T
1.58 5 34.9 34.4 4.43 4.06 105.9 97.1
1.6 5.1 33.9 33.4 4.19 3.83 100.3 91.7
1.62 5.3 33.1 32.6 3.98 3.63 95.2 86.8
1.64 54 32.3 31.7 3.78 3.44 90.6 82.4
1.66 55 31.5 31.0 3.60 3.27 86.3 78.3
303 K 8.7 1.68 5.7 30.8 30.2 3.44 3.11 82.3 74.5
1.7 5.8 30.1 29.6 3.29 2.97 78.7 71.1
1.72 5.9 29.4 28.9 3.15 2.84 75.3 67.9
1.74 6 28.8 28.3 3.02 2.71 72.2 64.9
1.76 6.2 28.2 27.7 2.90 2.60 69.3 62.2
1.78 6.3 27.7 27.2 2.78 2.49 66.6 59.6
1.56 4.9 35.4 34.9 4.56 4.16 107.4 97.9
1.58 5.1 34.4 33.9 4.31 3.92 101.5 92.3
1.6 5.2 33.5 33 4.08 3.70 96.1 87.2
1.62 5.3 32.6 32.1 3.88 3.51 91.3 82.5
1.64 5.5 31.8 31.3 3.69 3.33 86.8 78.3
308 K 8.719 1.66 5.6 31 30.5 3.51 3.16 82.7 74.4
1.68 5.8 30.3 29.8 3.35 3.01 78.9 70.8
1.7 5.9 29.6 29.1 3.20 2.87 75.4 67.5
1.72 6 29 28.5 3.07 2.74 72.2 64.5
1.74 6.1 28.4 27.9 2.94 2.62 69.2 61.7
1.76 6.3 27.8 27.3 2.82 2.51 66.4 59.1
1.52 4.7 36.1 35.6 4.64 4.26 107.4 98.7

1.54 4.9 35 34.5 4.36 4.00 101.0 92.6
1.56 5 34 33.5 4.11 3.76 95.2 87.1
1.58 5.2 33 32.5 3.88 3.54 90.0 82.0
1.6 5.3 32.2 31.6 3.68 3.35 85.2 77.5
313K 8.512 1.62 54 31.3 30.8 3.49 3.17 80.9 73.4

1.64 5.6 30.5 30 3.32 3.00 76.9 69.6
1.66 5.7 29.8 29.3 3.16 2.85 73.3 66.1
1.68 5.8 29.1 28.6 3.02 2.72 69.9 62.9

1.7 6 28.5 28 2.89 2.59 66.9 60.0
1.72 6.1 27.9 27.4 2.76 2.47 64.0 57.3
1.46 4.3 37 36.5 4.59 4.23 104.6 96.3

1.48 4.5 35.7 35.2 4.27 3.92 97.4 89.5
15 4.6 34.5 34 3.99 3.66 91.1 83.4
1.52 4.8 33.4 32.9 3.75 3.42 85.4 78.0
318 K 8.012 1.54 4.9 32.4 31.9 3.52 3.20 80.3 73.1
1.56 51 31.5 31 3.32 3.01 75.7 68.7
1.58 5.2 30.6 30.1 3.14 2.84 71.5 64.7
1.6 5.4 29.8 29.3 2.97 2.68 67.8 61.1
1.62 55 29 28.5 2.82 2.54 64.3 57.8

5.2 Photoluminescence studies

Photoluminescence study is a non-destructive toatarry out the luminescence behaviour of the
grown optical material. The emission spectrum oMIA crystal was recorded in the range from 300 t0 B&
is shown in Fig. 5, after exciting the sample & 8&n. From the emission spectrum, a broad pealobsarved
at 395 nm. The result indicates that the LAMD ays@s violet fluorescence emission. The maximuemisity
peak at 395 nm is ascribed torhtransition of carbonyl group. The presence ofboayl group is thus
confirmed.
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Fig. 4 Plot of critical supersaturation vs temperatire  Fig. 5 Fluorescence emission spectrum of LAMD

5.3 NLO test

Nonlinear optical test was carried out for the gnawystal of LAMD and reference material KDP. The
signal amplitude of both in milli-volts indicateset second harmonic generation efficiency and it fwasd to
be 1.5 times that of KDP. This result agrees wdth earlier report [6]. Therefore, NLO test revetiat the
grown crystal LAMD is a potential nonlinear optical/stal and SHG efficiency is higher than thastandard
crystal KDP.

6. Conclusion

In the present work, the solubility curve of LAMBystal was determined experimentally. It is found
that solubility increases with increase of temp@etThe critical supersaturation were predicteth@ésolution
growth technique at different temperatures 303, 303 and 318 K using nucleation theories to opt@rthe
growth conditions. The theoretical prediction wasfoemed by growing the crystal at room temperat&iegle
crystal XRD studies confirm that the grown cryskalongs to triclinic system and space groupr ke
fluorescence studies indicate that L-arginine nieledihydrate single crystals have a violet fluoeswe
emission. Kurtz and Perry powder technique confithessecond harmonic generation efficiency of twevg
crystal.
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