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Abstract: L-threonine, one of the amino acid groups of matsriwas grown as single crystal using slow
evaporation technique. X-ray diffraction analysyealed that the crystal belongs to orthorhombigcsire
with space group R2; 2;. The transmission range and the optical band gape wvaluated from UV-vis-NIR
spectral analysis to study the optical behavidhefmaterial. FTIR spectral studies were carrigd@aonfirm
the functional groups of L-threonine. The molecudamucture of the material was analyzed using Narcle
Magnetic Resonance (NMR) studies. The microstrectiithe crystal was studied using SEM-EDAX analysi
Microhardness measurement was made for the samjplg Wickers hardness tester to discuss the mecdlani
properties of the grown sample. Photoconductiviiglg was carried out to analyze the response ofréterial
to the incident visible light. Nonlinear optical () property was confirmed using Kurtz powder teghe
and the NLO efficiency was found to be 1.04 tintesd bf KDP.

Keywords: Slow evaporation technique; FTIR spectral study;RBtudy; Non-linear optical material;
Microhardness.

1.Introduction and Experimental

It is quite interesting to note that most of thmirgo acid crystals exhibit nonlinear optical (NLO)
property. Nonlinear optical materials can find festing applications including high speed optical
communication, wireless optical communication, cgitiparallel information processing, optical disatal
storage, laser fusion reactions, laser remote sgneolour display, and medical diagnostics [1E3f{hreonine
(C4HgNOs) crystal belongs to non-centrosymmetric orthorhimngystem with space group 22 satisfying
the fundamental criterion for NLO activity. The grt and characterization of L-threonine single talyshave
been reported by Ramesh Kumar et al [4]. Nowadayma@ acids are more suitable organic materials for
nonlinear optical applications [5-8] because thegsess dipolar nature due to the presence of @teidamino
group (NH") and deprotonated carboxylic group (CPQ-threonine is an important amino acid material
which shows higher SHG (Second Harmonic Generawfinjiency than other nonlinear amino acids. Even
though L-threonine was grown and characterized adire NMR, SEM-EDAX, microhardness and
photoconductivity studies were not studied.

Hence, in the present investigation, we reportithportant characterization studies: linear optical
study, FTIR and NMR spectral studies, SEM—EDAX gsial microhardness, photoconductivity and nonlinea



J. Elberin Mary Theras et a//Int.]J. ChemTech Res.2014,6(4),pp 2499-2506. 2500

optical studies to analyze the transmission raagtc¢al band gap, micro and macro structures, rhiraness,
photoconducting nature and nonlinear optical prigpefrthe grown crystal L-threonine.

L-threonine crystals were grown by slow evaporatiechnique. A saturated solution of L-threonine
was prepared using the solubility data in water thiedsolution was well filtered with the help ohigh quality
filter paper. The vessel containing the solutiors wavered with a perforated cover for controlledpration.
As slow evaporation took place, required superasitur was gradually achieved to initiate nucleafafowed
by growth. The crystals were harvested after aogesf 40 days. Fig.1 shows the as-grown L-threooiystal
with dimensions of 30x5x5 miithe quality and the size of the crystal were impbwy repeated
crystallization process.
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Fig.1 Photograph of the as grown L-threonine crystal

2. Results and Discussion

2.1 Single Crystal X-Ray Diffraction Analysis

Single crystal X-ray diffraction studies were cediout on the grown crystal using a computer -
controlled ENRAF NONIUS CAD4 X- ray diffractomettr determine the lattice parameters and space group
The results obtained indicate that the crystal oo orthorhombic crystal system with space grieg;2;
and the unit cell parameters are found to be a#§.b57.75A and c¢=13.66A4=p=y=9¢ and V=546&. The
space group suggests that the grown crystal is-m@mtrosymmetric which fulfills the fundamentaiterion
for the NLO activity of the material. XRD resultseafound to be in good agreement with the earkported
values [9].

2.2 UV-vis-NIR Spectral Studies

The optical absorption spectrum of L-threonine talywas recorded in the range of 200- 1100 nm using
LAMBDA 35 UV-vis-NIR spectrometer to evaluate thearismission range and optical band gap of the
material. This study was already reported [4]. Tdweer cut-off wavelength for the crystal is fourtdide 285.38
nm with transparent range in the region of 2851380 nm. This is the desirable property for sedweanonic
generation in the grown crystal.

The optical absorption coefficiera was calculated using the following relation,
2.303 log( 1/T)

o= BT (1)

where T is the transmittance and d is the thickoétise crystal.

The expression connecting the opticaddbgap (F), photon energy () and absorption coefficientr) is
written as [10].

(ahv)* = A (E-tv) ()
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Fig. 2 Plot of @hv)?against photon energy

where A is a constant. The plot of¢))?against (k) is shown in Fig.2 andgEhas been evaluated by
the extrapolation of the linear part. The opticahth gap is found to be 4.78 eV which confirms thidew
transparency nature (300-1100 nm) and dielectt@awer of the material [11].

The wide optical band gap of the material shows tti@ material is dielectric in nature. The didliect
nature of the material really counts for the inadlpelarization in the material to exhibit NLO adtyvdue to
intense incident radiation on the material. Thif wsult in the better conversion efficiency oétmaterial L-
threonine for second harmonic generation.

2.3 FTIR Spectral Studies

Fourier Transform Infrared (FTIR) spectrum of Lebnine crystal was recorded at room temperature
in the wave number range of 450 - 4000'aming Perkin-Elmer spectrometer and KBr Pellet tégie. Fig.3
shows the recorded FTIR spectrum of the grown aly$he observed peaks are assigned as followsp&hlke
due to 3026 crhcorresponds to CHasymmetric stretching vibrations. The peak at 2648 represents N-H
stretching vibrations. The band at 1625"cim due to C=0 stretching vibrations. NHasymmetric bending
vibrations are assigned due to the peaks at 1483.419 crit. The bending vibrations of CH group are found
corresponding to the peaks at 1246 and 1318 dime peak at 1109 chis assigned to C-OH stretching modes
of vibrations. The band at 931 ¢nis associated with C-H stretching vibrations. Tlealpdue to 907 chis
related to stretching of CCN structure. The bondh@O; ™ structure is observed at 767 tnFTIR spectral
assignments thus reveal the amino acid charaatsridtthe grown material.
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Fig.3 FTIR Spectrum of L-threonine crystal

24 NMR Spectral Studies

Nuclear Magnetic Resonance (NMR) is a very vemsatichnique in the identification of organic
compoundsH and *C NMR spectra of L-threonine were recorded usingUBER AVANCE Il NMR
spectrometer. Fig.4 shows th¢ NMR spectrum of L-threonine. The observed pea¥at20 ppm corresponds
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to the proton attached to methyl group of L-threeniThe'H NMR peak aB=3.40 ppm is due to OH proton of

L- threonine. The signd@=4.70 ppm shows the proton attached to aromatiopgod L-threonine. The present
results are found to be in good agreement withetlréer reported predictions [12].

325
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Fig. 4 'H NMR spectrum of L-threonine

13C NMR spectrum of L-threonine is shown in Fig:Bhe signal ab=19.407 ppm is assigned to the
carbon associated with GHroup. The carbon attached to CH group is reptedeoy the peak a=60.349

ppm. Finally, the peaks correspondingd#®5.835 ppm and=172.745 ppm represent the type of carbons (C-O
and C=0) present in the material.

The molecular structure of L-threonine is thus doméd from'H NMR and**C NMR spectral studies.
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Fig. 5°C NMR spectrum of L-threonine

25 SEM - EDAX Analysis

Figs.6 (a) and (b) show the microstructural SEMges of the grown crystal L-threonine recordedh wit
resolutions fim and 1@um respectively. The images clearly reveal the Kikerpattern of atoms of different
sizes which favours the adsorption layer growthimeesm introduced by Volmer [13]. According to V@ma
molecule arriving at a crystal surface from thekbofl the supersaturated solution or supercooled losés a
part of its latent heat. The molecules of this kmmdve along the surface and join together to fortve
dimensional nucleus due to inelastic collisionse Tfansparent nature of the crystal is understoonh fthe
clear images of the atoms. The microstructural enafjithe crystal shows that the crystal containgimmim
density of defects. From SEM analysis, the growtinanism, the transparent nature, different compusne
and the density of defects in the crystal are prtted.
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Fig. 6 (a) and (b) SEM images of L-threonine crystal withifs and 1uim resolutions

The presence of different components of the growtenal is confirmed by EDAX analysis as shown
in Fig.7.
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Fig. 7 EDAX pattern of L-threonine

2.6 Microhardness Studies

Hardness is an important mechanical property wharhelates with other parameters such as hardness
number, fracture toughness, brittleness index éeld gtrength. Vickers microhardness test was peréo on
L- threonine crystal using Vickers hardness tefitexd with a pyramidal indenter. Several inderta were
made on the (100) face of the crystal for the wazilmads 259,50g and 100g and the average dialgmuh (d)
was measured for each load. The hardness numberalcagated using the relation,
18544 P

H = == kg/mn? ®

where P is the applied load in kg and d is theathafjlength in mm of the indentation impressione Th
variation of H as a function of applied load is shown in Fig.8t eads beyond 100g, cracking begins to occur
which may be due to the local stress generateddsnitation. A plot of In P versus In d for the groerystal is
shown in Fig.9 which gives a straight line andsitspe is equal to the work hardening index (n).Valeie of n
is found to be 2.95.
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Fig. 8 Plot of H against load P Fig. 9 Plot of In P against In d
According to Meyer’s relation,
P=Kd" 4)

where, K is the standard hardness value which can be fouhdrom the plot of In P against In d.
Since the material takes some time to revert teethstic mode after every indentation, a correctios applied
to the d value and the Kick’s law is modified as,

P =K (d+xf (5)
where Kis another hardness parameter.

From equations (3) and (4),

1/2 1/2
az= [E]7 as BT x (6)

The slope of d” versus d yields[gi] " and the intercept is a measure of x .The fradughness (K is

given by
K=o (7)

where C is the crack length measured from the eeafitthe indentation mark to the crack tip, P s th
maximum applied load and geometrical consfamt7 for Vickers indenter. The brittleness indeisBjiven by

=%
o ®
The yield strengthd(,) of the material can be found out using the refsti
B w1 [1250n—21"2

The load dependent hardness parameters rKKfracture toughness (K brittleness index (B) and
yield strength @,) were calculated for L-threonine crystal. Accoglio Onitsch [14] if #2, the microhardness
value will increase with the increase of load.
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Fig. 10 Plot of d"/ Zagainst d

The increase of hardness with the load up to 10@gests that the material is possessing sufficient
mechanical strength to withstand the load up t@gl00e higher magnitude of mechanical parametirs K; |
H, K., B anda, ) presented in Table 1 ensure the mechanical stabilithe material required for device

fabrications.

Table 1 Hardness parameters of L-threonine crystal

Parameters Values

n 2.95

K, (kg/mm) 50.91

K, (kg/mm) 411

H, (kg/mnt) 93.27

K. (MNmM™¥?) 0.3959

B (m'?) 2.308x 16
o, (G Pa) 2.85

2.7 Photoconductivity

Photoconductivity study was carried out at roomgerature for L-threonine crystal using Keithley
6485 picoammeter. The dark current was recordelgowitexposing the sample to any radiation by irsinen
the field from 15V/cm to 100V/cm. The light frometthalogen lamp (100W) was focussed on the samgle an
the photocurrent was measured for various fieltt® flot of photocurrent and dark current as a fanatf the
applied electric field is shown in Fig.13. It issgioved from the plot that both dark curregt énd photocurrent
(I,) of the sample increase with the applied fieldamp0V/cm and thereafter both the currents attatoration.
Since the photocurrent is larger than dark curognto a particular field, the material is said tsgess positive
photo response. The positive photo response ahtterial will be more useful for NLO applicatiorid].
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Fig. 11 Photocurrent and dark current as a function ofieplectric field
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2.8 Non Linear Optical Property

Kurtz and Perry powder technique was employed idiico the nonlinear optical (NLO) property of L

— threonine. In this method the material was poedemd filled in a micro - capillary tube of abdub mm
diameter. A Q - switched Nd : YAG laser source émgta wavelength of 1064 nm with pulse width 8ares
used to illuminate the sample. The emission of mnesliation of wavelength 530 nm confirms the secon
harmonic generation by the crystal which is therati@ristic of the nonlinear behaviour of the mateihe
input energy incident on the sample was 7.0 mJskepand the corresponding output was measure®an\f.
This output was compared with the output (6.9 mWYjamed for the standard material KDP. The SHG
efficiency of L- threonine is thus found to be 1.0dhes that of KDP. It is therefore concluded that
threonine is a promising NLO material due to bdttexar and nonlinear optical properties of theamat.

3. Conclusion

Optically good quality crystals of L-threonine wey@wn by slow solvent evaporation technique. From
the XRD data, it is observed that L-threonine alybtlongs to orthorhombic system with space gie@;2;.
From the analyses of XRD and UV-vis-NIR spectrume, material is found to possess the required tressson
range and optical band gap with nhon—-centrosymmespéce group for better SHG conversion efficiefidye
functional groups of the grown crystal were idéatifusing FTIR spectrum. The molecular and mictmstires
of the material were analyzed using NMR spectruch 8EM and EDAX images. The mechanical behavior of
the material was discussed using Vickers hardrestsThe photoconductivity study reveals the pessiihoto
response of the material. The SHG efficiency ofrtiaerial is found to be more than that of KDP. rEfiere,
L-threonine can be used for the fabrication of agitidevices due to better linear and nonlinearcapti
properties and mechanical stability.
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