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ABSTRACT

Amino acid family crystals exhibit excellent nonlinear optical and electrooptical properties.
Sngle crystals of pure, Cu**and Mg** doped L-alaninium maleate (LAIM) were grown
successfully by slow evaporation technique The growth conditions of the crystals are studied
and the grown crystals are confirmed by powder X-ray diffraction studies. The Second Harmonic
Generation in the samples are confirmed by the Kurtz powder technique. The crystals are
characterized by FTIR, optical absorption and photoconductivity studies.

INTRODUCTION

In the modern world, the development of sciencenany areas has been achieved through the
growth of single crystals. Nonlinear optical (NL@pterials are expected to play a major role in
the technology of photonics including optical infation processing [1, 2, 3]. Many research
efforts are undertaken to synthesize and charaeteew molecules for second-order nonlinear
optical (NLO) applications such as high-speed mf@tion processing, optical communications,
and optical data storage. These applications departhe various properties of the materials,
such as transparency, birefringence, refractivexndielectric constant, thermal, photochemical
and chemical stability. Among NLO materials, orgaNLO materials are generally believed to
be more versatile than their inorganic counterpadge to their more favorable nonlinear
response. In the organic class, R-amino acids &xine specific features such as molecular
chirality, weak Vander Waals and hydrogen bonds,ahsence of strongly conjugated bonds,
wide transparency ranges in the visible and UV spkpegions, and zwitter ionic nature of the
molecule which favors crystal hardness. Other atdwgs of organic compounds apart from the
above include, amenability for synthesis, multifumeal substitutions, higher resistance to
optical damage and maneuverability for device apgpilbns, etc. The importance is due to the
fact that amino acids contain chiral carbon atowh enystallize in the noncentrosymmetric space
groups, therefore, they are potential candidatesgtical second harmonic generation [4]. This
paper deals with L-alaninium maleate (LAIM), an lagaof L-alanine. The structure of L-
alaninium maleate (LAIM) was solved by Alagar et(2001) [5]. In the LAIM compound, the
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alanine molecule exists in the cationic form anel mhaleic acid molecule in the mono-ionized
state. LAIM is stable up to 180 °C and transpafemh 300 to 1200 nm thus enabling the use of
this material for SHG applications [6]. The growthermal, spectroscopic and optical studies of
LAIM were carried out by Natarajan et al (20Q8). In the present investigation, a systematic
study has been carried out on the growth of pur metal (Cdand Md") doped LAIM
crystals. Powder X-ray diffraction studies wererieat out and the lattice parameters were
calculated by least square method for the growe pad doped crystals. The content of Cu and
Mg has been determined by Atomic absorption studiesrier transform infrared (FT-IR) and
UV-Vis-NIR studies were carried out for the growmystals. The SHG efficiency of the pure and
doped LAIM crystals were also studied using Nd:YA&Eswitched laser. The results of these
investigations are discussed in this paper.

MATERIALSAND METHODS

2 Experimental Procedure

Analytical grade L-alanine (AR grade) and maleicagas dissolved in double deionized water.
In order to grow good quality crystals, it is edsrto increase purity up to a respectable level.
In the present study, the commercially available was dissolved in water and purified by the
repeated recrystallisation process and the redligeth material was used to prepare the
saturated solution. The solubility of the pure atmped LAIM was measured at different
temperatures and the drawn solubility curves aosvehin Figure 1. It is seen that the solubility
of both pure and doped LAIM increases with temperatThe resulting aqueous solution was
filtered and allowed to evaporate under optimizemhditions to grow crystals by slow
evaporation method at room temperature (30°C). Téwmction that takes place between
L-alanine and maleic acid in water medium is di®ves:
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Figure 1 Solubility of LAIM, Cu- LAIM, Mg- LAIM

The same procedure was applied to grow the met&l46d Md¢") doped crystals by adding 2
mol % of C*and Md" to the respective LAIM solution. The growth andesiaf the doped
crystals are respectively faster and better tharptire crystals. The incorporation of dopant into
the parent solution has promoted the growth rateimproved the quality of the crystals. The
pure and doped LAIM crystals were grown by slowpsration technique at room temperature.
The photographs of the as grown pure and dopedatsyare shown in Figure 2. Bulk crystals
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were grown by successive recrystallisation andfipation and the crystals are found to be
transparent and free from defects. The synthesictien is as follows:

C3H/NO, + C4H304 + HO _ > @‘lgNOz+ . GH304
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Figure 2 Photograph of (a).LAIM (b) Cu- LAIM (c) Mg- LAIM

3 Characterization

3.1 Powder XRD studies

The structural properties of single crystals ofepand doped LAIM have been studied by X-ray
powder diffraction technique. Powder X-ray diffiact studies of pure, Gtand Md¢"* doped
LAIM crystals were carried out, using Siemens D50@ay diffractometer with Cu K(A =
1.5406&) radiation. The samples were scanned fov&@ues from 10° to 50° at a rate of 2° /min.
Figure 3 (a) shows the Powder XRD pattern of the uAIM crystal. The powder XRD pattern
of the C*and Md* doped crystals are shown in Figure 3(b) and 3(a diffraction patterns of
the pure and doped LAIM crystals have been inddxedeast square fit method. The lattice
parameter values of the pure LAIM crystal has bealculated and is well matched with the
reported literature [5]. It is seen that both therep and doped crystals crystallizes in
orthorhombic P2,2; space group and the lattice parameters are showmble 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 LAIM crystal lattice.
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Figure 3(a) XRD pattern of LAIM
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Figure 3(b) XRD pattern of Cu-LAIM
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Figure 3(c) XRD pattern of Mg-LAIM

Table 1 L attice parameter valuesfor the pure and doped LAIM

S0

L attice Pure LAIM | Cu®- LAIM | Mg*- LAIM
parameters
a (A) 5.584 5.590 5.586
b (A) 7.378 7.381 7.380
c (A) 23.710 23.692 23.691
Crystal System  Orthorhombic orthorhombic orthorhamb
Space group R2:2, P22,2, P22:2;
Volume (&) 976.82 977.526 976.65

3.2 Atomic Absorption studies
The exact weight percentage of the’and Md¢* present in doped crystals is determined. 10mg
of fine powder of the doped LAIM crystals were dised in 100ml of triple distilled water
respectively, and the prepared solutions were stdgeto Atomic Absorption Spectroscopy
(AAS) Analysis. The results shows that only 0.85%#Cw and 1.22 % 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 mom@ ibhs have gone into the LAIM lattice
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compared to Cu ions. This may be due to the raofiddg (0.65,&) compared to Cu ions (0.72
A).

3.3 UV-VisNIR spectra

Optical absorption data were taken on the pure domed LAIM polished crystal samples of
about 4 to 6 mm thickness using a Varian carry Sehdual beam spectrophotometer between
200 — 1200 nm. The spectra (Figure 4) indicate thatpure and doped LAIM crystals have
minimum absorption in the entire region betwe&0-2200 nm. From the spectra, it is seen
that the doped LAIM crystals have better lowerafitwavelengths than that of the pure LAIM
crystals. Interestingly, both the €and Md¢* doped crystals have reduced absorption. The
required properties for NLO activity are minimunsalption and low cut-off wavelength. These
properties are improved in the doped crystals.
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Figure4 UV spectrum of LAIM, Cu- LAIM, Mg- LAIM

3.4 FT- IR spectra
In order to qualitatively analyze the presenceuoictional groups in LAIM, FT-IR spectra of the
pure and metal doped LAIM crystals were recordethanrange 400 cthto 4000 crit, using
KBr pellet on BRUKKER IFS FT-IR Spectrometer. Th&-R Spectra of both the pure and
doped LAIM crystals are shown in Figure 5. A brpsiiong absorption in the 3300-2300tm
range, including the absorptions at 3206 and 2980 eorrespond to the stretching bands of the
NHs" ion of the aminoacid. This region results from esippposed O—H and Nf stretching
bands. Absorption in this region is also charazesgtiby multiple fine structures on the lower
wavenumber side of the band and the weak absogptina to COOions. A strong band arising
from C—COO stretching is observed at 1219 ‘tnfurther strong carbonyl absorption at 1720
cm? confirms the COOH and CO@roups of the compound. Other characteristic vibna
establishing the identity of the functional groymesent in the compound are represented in
Table. 2. The FT-IR Spectra of both the pure and doped LAbvifcm the structural aspects of
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pure compounds. The spectra do not show any signife change due to the addition of metal
dopant into the crystal lattice.
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Figure5 (a) FTIR spectrum of LAIM
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Figure5 (b) FTIR spectrum of Cu-LAIM,
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Figure5 (c) FTIR spectrum of Mg- LAIM
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Table 2 FT-IR spectral assignments of pure and doped LAIM

Wave number (cm™)

Pure LAIM | Cu®*-LAIM | Mg®- LAIM Assignments
3206 3206 3206 N asymmetric stretching
2930 2920 2931 C-H stretching
1720 1719 1719 COOasymmetric stretching
1374 1364 1374 COOsymmetric stretching
1219 1218 1218 COOvibration
1107 1106 1106 C-O stretching
862 862 862 C-C stretching
762 754 761 Chkirocking
661 660 661 COO- plane deformation
587 586 587 COO wagging
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Figure 10 (a) Field dependent conductivity of LAIM crystal
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Figure .10 (b) Field dependent conductivity of Cu- LAIM crystal

166

Scholar Research Library



M. Victor Antony Raj et al Arch. Phy. Res,, 2011, 2 (1): 160-168

300

Mg-LAIM
275 e

250 o

225 o

200 . A |

175 o L

Current (nA)

150

e -
125 - oy aaa

100

T T T T T T T T T T T T
0 500 1000 1500 2000 2500 3000
Applied field (V/cm)

Figure 10 (c) Field dependent conductivity of Mg-LAIM crystals

3.5NLO studies

The grown crystals of pure and doped LAIM were eatgd to Kurtz Second Harmonic
Generation (SHG) test using the Nd:YAG Q-switchadel beam for the nonlinear optical
(NLO) property. The second harmonic signal of 3/, 325 mW and 375 mW, respectively
were obtained for pure, €and Md* doped LAIM with reference to KDP (275 mW). Thtise
SHG efficiency of pure, Ci2and Md"* doped crystals is nearly 1.1, 1.2 and 1.4 timestgr
than KDP.

3.6 Photoconductivity Studies

Field dependence of dark and photocurrent of pnded@ped LAIM are shown in Figure 10. The
photocurrent is found to be less than the darkecuirat every applied electric field. This
phenomenon is known as negative photoconductivitys interesting to note that both pure and
doped LAIM crystals exhibit negative photoconduityiv

CONCLUSION

Single crystals of pure and doped LAIM are convetiyegrown by employing slow evaporation

technique. The grown crystals were confirmed by gewcrystal XRD. The various functional

groups present in the crystals were identified emafirmed. It is further observed from the FT-
IR spectra of doped LAIM that the intensities dfelient peaks are marginally shifted from that
of the parent compound. The cut-off wavelength ofepsample was found to be 250 nm.
However the doped samples are more transparentttieparent crystal. The above study
reveals that the doped crystals possess improvéidabgproperties. NLO test confirms the

enhancement of the NLO property for the doped sasaflhe photoconductivity studies confirm
the negative photo conducting nature of the samples
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