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ABSTRACT

Unidirectional <110> bulk L-Threonine acetate (LTA)ngle crystal was successfully grown for thet firme by
Sankaranarayan—Ramasamy (SR) method. The <110ntedeplane have been placed as seed at the bofttime o
ampoule and a transparent single crystal of LTA@imm diameter and 50 mm length have been grovencilfstal
system and lattice parameters were analyzed frasithgle crystal x-ray diffraction study. FT-IRdaRT-Raman
analyses were used to confirm the presence ofutietibnal groups. The grown crystal was also chéedzed by
UV-Vis-NIR absorption and micro hardness. The sddmrmonic generation (SHG) in the sample was corid
by Kurtz and Perry powder technique. The laser dgerthreshold was also found.
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INTRODUCTION

Amino acids and its complexes belong to a familyoajanic materials which are also used in photob&sed
fabrications. Organic crystals show high damagesihold, wide transparency region and non-lineaicalpt
character which make them suitable for device &ation [1 - 3]. In experimental solid state physiB& method is
a novel technique and used for the growth of uadional LTA single crystal [4]. It is also a comient method
used significantly to control the orientation of eth growth of single crystals. Recently
L-Threonine acetate single crystals were reporgedramising nonlinear optical material [5]. In theesent study,
large size unidirectional single crystal of LTA wgown successfully by the SR method for the finste. The
techniques like single XRD, UV-Vis-NIR, FT-IR, FTaman and micro hardness were selected to chamectbe
grown crystal.

MATERIALS AND METHODS

2. Experimental Procedure
The experimental setup of SR method consists offir@ampoule made-up of glass with seed mounting pad
circular shaped heaters were placed at the topgtenthottom of the growth ampoule which provides ribguired
experimental temperature for solvent evaporatignTie temperature around the growth ampoule iscsedl based
on the solvent used and it is monitored with a terapre controller (40°C for top and 34°C for bwito The seed
crystal from the conventional slow solvent evaporatechnique was used for the current study. <ldl@me of the
seed crystal of LTA was chosen and it was transfeto the saturated solution of LTA. The chemieaction
involved for the grown L-Threonine acetate is giveow:

C4HgNO;z + CH;COOH > C4H;oNO; " CH;,COO
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Growth of highly transparent single crystal of LBA10mm diameter and 44 mm length was harvestegli(€il.)
in a period of 30 days and reported for the firsiet The average growth rate was found to be néaBlynm per
day. From this, it was depicted that the averagewtir rate of crystal by SR method was higher tham t
conventional method under prevailing conditions.

RESULTS AND DISCUSSION

3.1 Single Crystal XRD

The experimentally grown crystal was subjectedingle crystal X-ray diffraction study using ENRAFONWIUS
CAD F4 diffractometer. LTA Single crystal belonigsorthorhombic crystal system with a space gro22R, and
unit cell dimensions were found to be a = 5.542A= 18.131A, ¢ = 13.912A. The volume of the system is
V=626.903&. From the above values, it is evident that thet wril parameters agree well with the reported
values [5].

3.2 FT- Raman spectrum

In order to qualitatively analyze the presenceusicfional groups in LTA, Fourier Transform Ramaif{Raman)
spectrum was recorded in the range 500'em3500 crit. The FRA 106 module attached to IFS 66V FT-IR
spectrometer provided the FT-Raman spectral measmnts. The recorded FT-Raman spectrum of LTA isvshio
Figure 2. The O-H stretching is illustrated byemak at 2988 cthin the Raman Spectra. The bands at 2938 cm
and 2873 cnit are due to aliphatic GHand CH stretching. The less intense peak at 1481 is dutaeoCH
deformation. The peak at 1337 ©ris due to the C=@tretching. The weak absorption at 3100 ¢sndue to the N-

H stretching of amino group.

3.3 FT- IR spectrum

Freshly crushed powders of pure and doped weredwaspectively with KBr in the ratio 1:10 and pg&i#ted using

a hydraulic press and subjected to the Fouriersfoam Infrared (FT-IR) studies. The spectra wemrded in the
range 500 ci — 3500 crit employing BRUKER IFS 66V FT-IR spectrometer. THEIR Spectrum is shown in
Figure 3. The N-H stretching frequencies of amirmug are found between 3168 and 2874 émthe IR spectrum.
The absorption at 3026 ¢his due to O-H stretching vibration of carboxyliogp. The IR spectrum shows a strong
absorption at 1626 chrindicates the presence of primary amino group. dHeFacteristic absorption at 1479°tim
due to symmetric N-H deformation. The peak at 1448 corresponds to the symmetric CQsfiretch. The CH
deformation is found by the peak at 1319'cifihe wagging of COQgives rise to a band at 702 ¢nThe FT-IR
spectrum of LTA confirms the structural aspectthef compound.

3.4 UV - Vis — NIR Analysis

The absorption spectra of the directional SR wagistl by a Varian Cary 5E spectrophotometer. Atedyof 1mm
thickness was used to perform UV-Vis-NIR absorpttudy (Figure 4.). It was found that the lower Owtoff
wavelength was 248 nm; hence the crystal can e foséaser applications.

3.5 SHG and Laser Damage Threshold

An input pulse of 6.2 mJ was used to illuminate fileshly powdered sample of particle size (above [if8). The
NLO property of the grown LTA single crystal wasalyzed by the Kurtz technique [6]. This study confed the
green emission of a crystal carried out by SHG. fHsé quantitative work was done on powdered singystal of
LTA and they were graded by the use of standanksi¢éo desire the range of particle sizes. A releeamparison
was made on KDP with LTA. The reference materiak vedso powdered and used for further studies. The
experimental samples reported an input pulse ofrd.2the second harmonic signal (532 nm) of 89.02 for KDP

and 268.50 mW for LTA. Itis thus elucidated ttta# SHG efficiency of LTA is 3.0 times higher thidwat of KDP.
The suitability of LTA crystal for NLO applicationsas investigated from laser damage threshold laaddlue was
reported as 8.2 GW/chusing a laser setup in single shot mode.

3.6 Vickers Micro Hardness Study

Vickers micro hardness indentations were made enL{hA crystal at room temperature using a Leitz-¥l&st
hardness tester. The micro hardness number, Hwa@smined from the relation, Hv = [1.8544 Mg / mnt,
WhereP is the load in gm, d the diagonal length of thegdial of the indentation impression in mm and He th
Vickers hardness in kg/nfmA plot was drawn between hardness number andeabfiad .The hardness number
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was found to increase with load. It was observed the hardness value was turn to decrease asirloeshse
(Figure 5) which is in agreement with the normalentation size effect (ISE) [7].

Fig.1.The LTA grown crystal by SR method
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Fig.2. FT- Raman spectrum of LTA single crystal

1352
www.scholarsresearchlibrary.com



J. Madhavanet al Der Pharma Chemica, 2012, 4 (3):1350-1354

100 —

80 —

Transmittance (%)

T T T T T T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

Fig.3. FT-IR spectrum of LTA single crystal

2.6

2.4

2.2

2.0

Absorption (arb. units)

1.8+

1.6+

T T T T T T T T T
200 400 600 800 1000 1200

Wavelenth (nm)

Fig.4. UV - Vis — NIR Absorption Spectrum
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Fig.5. Vickers micro hardness Profile
CONCLUSION

Good quality single crystal of L-Threonine acethgs been grown successfully by the unidirectiomdlition
growth SR method .The lattice parameters were ohed from the single crystal XRD and it was shawat it
belongs to the orthorhombic crystal system withpace group of R2,2,. The FT-IR and FT-Raman spectral
studies confirmed the presence of the functionaligrand their different mode of vibrations. The WNs-NIR
absorption study confirms the wide transparencthefSR grown material. Vickers micro hardness weierdhined
to understand the mechanical property of the gromstal. It was also understood from the presenkwiat the
SR technique was found to be suitable method grigli Quality and large- size single crystal of L-@bnine
acetate.
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