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ABSTRACT

Sngle crystals of pure and doped L-Arginine maleate (LArM) were grown successfully by slow
evaporation technique. In the present study, to improve the device characteristics of LArM
crystals, metal dopant was incor porated into the pure crystals. The grown pure and doped LArM
crystals were confirmed by X-ray powder diffraction studies. The pure and doped crystals were
characterized by Fourier Transform Infrared (FT-IR). Absorptions of the grown crystals were
analyzed using UV-Vis-NIR studies. Nonlinear optical studies of pure and doped crystals were
carried out and it reveal ed that the dopant has increased the efficiency of the pure crystal.

INTRODUCTION

Nonlinear optical (NLO) materials capable of getiagasecond harmonic frequency play an
important role in the domain of optoelectronics @hdtonics. Nonlinear optical (NLO) crystals
with high conversion efficiencies for second harmogeneration (SHG) and transparent in
visible and ultraviolet ranges are required for roous device applications [1, 2, 3]. Within the
last few years, much progress has been made ideelopment of nonlinear optical (NLO)
organic materials for second harmonic generatiddGp L-Arginine is one of the essential
amino acids widely distributed in biological sulmstes. The functions and role of L-arginine
molecules in living matter are characterized bgrggrbasicity of the guanidyl group. As a result
L-arginine forms a number of salts with organic amakganic acids showing non-linear optical
properties [4]. L-Arginine maleate {8:4N,O, C;H,04,2H,0) is one of these L-arginine salts
which is a complex of strongly basic amino acidyboaylic acid and provides useful
information in relation to molecular interactionpresent day biological systems and to prebiotic
self-organism [5]. It is also a nonlinear opticahterial with second harmonic generation
efficiency 1.68 times that of KDP. In the preserdrky we report the growth of a promising
nonlinear organic crystal of both pure and dopedNlAcrystals which are grown by slow
evaporation solution growth technique. The growystals were characterized by powder crystal
X-ray diffraction, UV-Vis-NIR and FT-IR. The growarystals are also subjected to dielectric,
photoconductivity, mechanical and thermal studies.
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MATERIALSAND METHODS

Experimental Procedure

L-arginine maleate (§H14N40.C4H404.2H,0) LArM was synthesized by the reaction between a
weak organic maleic acid §8,0,) and the strongly basic amino acid, L-arginine (8¢ taken

in equimolar proportions. Purification of the syesized salt was done by repeated
crystallization until optically clear crystals weobtained. The solubility (Figure 1) of LArM in
water was determined by saturating the aqueousi@olat high temperature and then slowly
reducing the temperature in the presence of ptatgal solid to maintain equilibrium and then
sampling and analyzing the solution at defined temraures. Initially single crystals of LArM
were grown by solvent evaporation of the saturatgdeous solution of LArM at constant
temperature (35°C). Saturated aqueous solutiorAdfLwas taken in a crystallizing vessel with
perforated covers and placed in a constant temperaath. The as grown crystals are shown in
Figure 2.

3 Characterization

3.1 Powder XRD studies

The structural properties of single crystals ofgpand doped LArM have been studied by X-ray
powder diffraction technique. Powder X-ray diffiact studies of pure, Gtand Md* doped
LArM crystals were carried out, using Siemens D50@ay diffractometer with Cu K(A =

1. 54061&) radiation. The samples were scanned fervalues from 10° to 70° at a rate of
2° Imin. Figure 3 shows the Powder XRD patterrhef pure and doped LArM crystals. The
diffraction patterns of the pure and doped LArMatays have been indexed by least square fit
method. The lattice parameter values of the pdmvLcrystal has been calculated and is well
matched with the reported literature [5]. It is rsebat both the pure and doped crystals
crystallizes in triclinic P1 space group and thiéida parameters are shown in Table 1. There are
slight variations in the lattice parameters and welume of the pure and doped crystals. These
variations are due to the incorporation of@md Md" in the LArM crystal lattice.
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Figure 1 Solubility curves of pureand doped LArM crystals
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2 Photographs Figure of theasgrown (a) pure LArM, (b) Cu-LArM
and (c) Mg-LArM crystals
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Figure 3 (b) XRD pattern of Cu-LArM
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Figure 3 (c) XRD pattern of Mg-LArM

Table5.1 Lattice parameter valuesfor the pureand doped LArM

Lattice PureLArM Cu? - LArM Mg?- LArM
parameters

a (A) 5.268 5.271 5.275

b (A) 8.041 8.048 8.050

c (A 9.788 9.790 9.791

o 106.20 106.4 106.8

B° 97.26 97.22 97.28

" 101.68 101.66 101.70
Crystal System Triclinic triclinic triclinic
Space group P1 P1 P1

3.2 Atomic Absorption studies

The exact weight percentage of the’land Md"* present in doped crystals is determined. 10mg
of fine powder of the doped LArM crystals were dised in 100ml of triple distilled water
respectively, and the prepared solutions were stdgleto Atomic Absorption Spectroscopy
(AAS) Analysis. The results shows that only 0.91o#4Cw"and 1.31 % of Mg are present in
the respective samples, out of 2 % of the dopanis Iseen that the amount of dopant
incorporated in to the doped crystal is less tha@ toncentration of the dopant in the
corresponding solution. It is also seen that morg ibhs have gone into the LArM lattice
compared to Cu ions. This may be due to the raafildg (O.GSA) compared to Cu ions (0.72

A).

3.3 UV-VisNIR Studies

The optical transmission spectrum of LArM singlgstal was recorded in the wavelength region

of 200-2000 nm using VARIAN CARY 5E spectrometdihe spectra of pure and doped LArM

crystals are shown in Figure4. It is evident tHae pure crystal possesses a wide optical

transparency window from 390 -980 nm. It is alseady indicates that the UV cut-off

wavelength lies at 290 nm. The presence of lowofutwvavelength and the wide optical
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transmission window are the suitable parameterréguency doubling of laser radiatidfrom

the spectra it is seen that the doped LArM crysaadsmore transparent than the parent crystal in
entire transmission range of 300 - 1100 nm witheny absorption peak. The above studies
reveal that the doped crystals possess improvechbptoperties.
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Figure 4 Optical absorption spectra of pure LArM, Cu-LArM and Mg-LArM crystals

3.4 NLO studies

Kurtz SHG tests were carried out on the pure amedd.ArM samples using the Nd:YAG Q-
switched laser beam as a source. For a laser aiflui2mJ, the second harmonic signal (532nm)
of 91.66mW, 272.12mW, 352.48mW and 434.39mW wetainbd for KDP, pure LArM, Ctf
and Md" doped LArM respectively. Thus, the SHG efficierscief pure, C& and Md* doped
crystals are 3, 3.8 and 4.7 times respectivelydrighat of KDP. Thus, the &land Md* metals
have increased the efficiency of pure LArM.

35 FT-IR Studies

The FT-IR spectra of LArM, Cii-LArM, and Mgf*-LArM were recorded on BRUKER IFS 66V
FT-IR SPECTROMETER using KBr pellet in the rang®@@ni* to 400 cnt and are shown in
the Figures 5.5 .Investigating the absorption bawodsLArM below 1000 cm'® three
characteristic bands were identified, one at 6627 'cfCOO in plane deformation),
one at 578crh (COO wagging mode)and the third oneat 864 cm' (C-C
stretching). The band corresponding to fBsymmetric deformation vibration occurs at 1681
cm ™, COO asymmetric stretching at 1513 ¢mHigh wave number region (3750 - 2300 ¢m
contains the NH and CH, stretching vibration anchisimation of them. Band at 3409 chis
due to the presence of water molecules which isnaganfirmed from X-ray diffraction study.
The characteristics bands of FT-IR spectrum alstficoed the ionization of L-arginine and
maleic acid in the crystal lattice of LArM.
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Figure5 (a) FTIR spectrum of LArM
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Figure5 (b) FTIR spectrum of Cu-LArM
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Figure5 (c) FTIR spectrum of Mg-LArM
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Table5.2 FT-IR spectral assignments of pure and doped LArM

Wave number (cm™)
Pure LArM Cu?- LArM MgZ-LArM Assgnments
3750 - 2300 3750 - 2300 3750 - 2300 NH and CHdlireg vibration
1681 1682 1670 NH asymmetric deformation
1513 1513 1513 COG@symmetric stretching
1360,1400 1360,1400 1361,1400 COmmetric stretching
1170 1170 1170 NH rocking
1042 1041 1041 C-N stretching
864 865 864 C-C stretching
662 662 662 COO plane deformation
578 582 560 COOwagging mode

CONCLUSION

Single crystals of pure and doped LArM are convethyegrown by employing slow evaporation
technique. Powder XRD studies confirm the structirgrown crystals. The presence of dopants
has marginally altered the lattice parameters witlaéfecting the basic structure of crystals. The
optical transmission spectra of pure LArM confifmat the crystals possess higher percentage of
transmission over a wide range from 250-900 nm. piesence of dopants has improved the
transparency window. SHG in the pure and dopedalsys/ere confirmed by NLO test.
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