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Nonlinear optical single crystal of L-Alaninum Succinate (LAS) has been grown by
slow evaporation solution growth method using water as the solvent. The powder
X-ray diffraction of the grown crystal has been recorded and the various planes of
reflection identified show shift in the peak positions. The crystal system and the
lattice parameters have been confirmed by single crystal X-ray diffraction. The
Fourier transform infrared spectroscopy (FTIR) qualitatively confirms the presence
of all the functional groups. The UV-Visible transmittance spectra of LAS show
excellent transmittance from 218 nm to 800nm. The nonlinear optical property of
the grown crystal is confirmed by second harmonic generation test which shows the
suitability of NLO application.
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INTRODUCTION
Nonlinear optical materials (NLO) play a vital role for a
number of applications such as second harmonic generation,
frequency mixing, electro-optic modulation, etc. In recent
years, organic NLO materials are attracting a great deal of
attention for possible use in optical devices because of their
large optical nonlinearity, low cut-off wavelength, short
response time and high laser damage thresholds (Narayan Bhat
et al, 2002 ). Considerable work has been done in order to
understand the microscopic origin of nonlinear behaviour of
organic materials (Suthan et al, 2010; Huaihong Zhang et al,
2011; Natalia Zaitseva et al, 2011; Chemla et al, 1987). The
NLO properties of large organic molecules and polymers have
been the subject of extensive theoretical and experimental
investigations during the past two decades and they have been
investigated widely due to their high nonlinear optical
properties, rapid response in electro- optic effect and large
second- or third-order hyperpolarizibilities compared to
inorganic NLO materials (Bloembergen, 1996). Thus, there is
much impetus to design of organic compounds for SHG
applications. To possess NLO property, organic materials
should contain highly conjugated ∏ electron system affected
by electron donor and acceptor groups. Alanine is an efficient
organic NLO compound under amino acids category (Delfino
e, 1979; Eimerl et al, 1990; Razzetti et al, 2002). Succinic acid
and its derivatives are mostly used for industrial applications

Experimental Procedure

LAS crystal has been grown by slow evaporation solution
growth method.  The LAS was synthesized from L-Alanine
and Succinic acid taken in equimolar ratio 1:1 and by using
following reaction

H3C - CH –COOH  + COOH-CH2 H3C - CH - NH3+ …. -OOC - CH2

| | | |
NH2 COOH- CH2 COOH COOH - CH2

L-Alanine            Succinic acid              L-Alaninum Succinate

The calculated amount of reactants were thoroughly dissolved
in double distilled water and stirred continuously using
magnetic stirrer. The saturated solution was filtered using filter
paper to get rid of impurities such as solid and dust particles.
Then the filtered solution was covered by polythene paper in
which 10 to 15 perforations were made for slow evaporation.
The filtered solution was transferred to crystal growth vessels
and crystallization was allowed to take place by slow
evaporation at a temperature range of 35ºC in a constant
temperature bath of accuracy ±0.01°C. LAS crystal has been
formed within a period of two weeks.

RESULTS AND DISCUSSION
Powder XRD analysis The structural property of the LAS
single crystal has been studied by X-ray powder diffraction
technique, using PANALYTICAL X-ray diffractrometer with
CuKα (λ =1.54060 Ǻ) radiation.
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Fig1 Powder XRD pattern of LAS crystal
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The sample is scanned for 2θ values from 10° to 80º at a rate
of 2% min.  Fig. 1 shows the powder XRD pattern of the pure
LAS crystal.

Single crystal XRD. Single crystal X-ray diffraction studies
was carried out to confirm the crystallinity and to determine
the lattice parameters of the grown LAS crystal using ENRAF
NONIOUS CAD4 –F single crystal diffractometer. The single
crystal X- ray diffraction studies confirm the orthorhombic
structure with space group P212121. LAS crystal lattice
parameter values are listed in Table 1.

UV-VIS Spectral analysis. Good optical transmittance and
lower cutoff wavelength are very important properties for
NLO crystals. The spectrum has been recorded in the
wavelength range from 200 nm to 800nm and is shown in the
fig.2. The lower cutoff wavelength is around 218nm. The ∏
electron dislocation is responsible for absorption in near UV
region (Ushasree et al, 1999) .Thus the grown crystal has got
good transmission in UV as well as in visible region 218nm-
800nm. The wide range of transparency of grown crystal is an
added advantage in the field of optoelectric application
(Bairava Ganesh et al, 2007).

Table 1 Lattice parameter of LAS crystal

Energy band gap has been calculated from the UV-Vis
absorbance data. The energy (hγ) vs. (αhγ) 1/2 plot has   been
drawn and is shown in fig. 3. The energy band gap computed
from the plot is 5.71 eV. The higher energy band gap shows
that the defect concentration in the grown crystal is very low
(Neelam singh et al, 2008).

FTIR analysis The Fourier transform infrared spectrum of
LAS has been recorded between the region 400 – 4000 cm-1

using SHIMADZU Fourier transform infrared spectrometer
with the help of KBr pellets as shown in Fig 4. The
asymmetric stretching vibration of NH3

+ is observed at 3082
cm−1 of LAS which confirms the presence of NH3

+ in
compound (Bright et al, 2010).  The NH3

+ absorption range of
amino acids (3130–3100 cm−1) is shifted to lower wave
number, due to   formation    of   amino   salts, and   in LAS,
it   is   observed    at 3082cm−1.

Lattice
parameter LAS

a (Å) 5.7818
b (Å) 6.0313

c (Å) 12.3423
α , γ, β 90.00 º
System orthorhombic

Space group P212121

Fig 3 (αhγ) 1/2 vs (hγ) plot for determining optical band gap (Eg) using
UV-Vis   absorption data.

Fig 2 UV-VIS transmission spectra of LAS crystal

Fig 4 FTIR spectrum of LAS crystal
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Amino group absorption bands are noted at 2600 cm−1

(symmetric stretching), 1612cm−1 (bending), and 1111 cm−1

(rocking). These bands are due to NH3
+ ions. During the

formation of amino salts, the NH2 group in amino acids is
converted into NH3

+ ion (Baran et al, 1995). The strong
absorption at 1411 cm−1 indicates the symmetric stretching
vibration frequency of carbonyl group. The bending and
rocking vibrations of   COO− are observed at   771 cm−1 and
540 cm−1, respectively.  CH2 wagging (1303cm−1) and CH3

bending (1454 cm−1) vibrations have also been observed
(Ramachandran et al, 2007)

Second harmonic generation analysis

The second harmonic generation (SHG) efficiency of the
grown crystal has been measured using the technique
developed by Kurtz and Perry (Kurtz et al, 1968). An Nd:
YAG laser producing pluses with a width of 8 ns and repetition
rate of 10 Hz is used. The crystal has been ground into powder
and densely packed in a capillary tube. It is observed that the
crystal converts the 1064 nm radiation into green (λ =532nm),
while passing the Nd: YAG laser output into the sample which
confirms the SHG. It is found that the efficiency of SHG is
44% of that of the standard KDP (Natarajan et al, 2008).

CONCLUSION
LAS single crystal has been grown using slow evaporation
method from saturated solution. The optical transmittance
spectral studies confirm that the grown crystal has very good
transmission in entire visible region, with lower cut off
wavelength at 218nm, which is an essential consideration for
NLO crystal. The band gap energy of grown crystal is found to
be 5.71eV. The functional groups present in the crystal are
confirmed by the FTIR analysis. The SHG test proves that the
LAS crystals are potential candidate for nonlinear optical
materials.
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