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Studies on spectral, dielectric and nonlinear optical
properties of L-alanine alaninium picrate (LAAP)
crystals
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L-alanine is one of the simplest amino acids like glycine and it is a non-centrosymmetic crystal. Its nonlinear optical (NLO)
property is highly pronounced when L-alanine is mixed with a non-centrosymmetric organic acid such as picric acid. In this
work, L-alanine alaninium picrate (LAAP) salt was synthesized by making reaction between L-alanine and picric acid. Single
crystals of LAAP salt were grown by slow evaporation technique. XRD studies reveal the monoclinic structure of the
sample. EDAX study was used to identify the elemental composition of the grown crystal. Etching studies were carried out
to see the etch pit patterns of LAAP crystal. Second-order and third-order studies were carried out for LAAP sample to
analyze the nonlinear optical activity. UV-visible transmittance spectrum of LAAP crystal was recorded to find transparency
and optical cut-off wavelength. Also dielectric studies were carried out to observe the electrical processes that are taking

place in the LAAP crystal.
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1. Introduction

Amino acids and their complexes are second-order or
third-order nonlinear optical (NLO) materials that are
useful in laser technology, optical communication, optical
computing and opto-electronic technologies. These
compounds containing amino groups and carboxylic acid
groups and they are generally soluble in water and
insoluble in non-polar organic solvents such as
hydrocarbons. In a zwitteionic form, an amino acid
contains positively charged ammonium ion (NH5;") and
negatively charged carboxylate ion (COO") and it has no
net charge [1,2]. If the amino group is attached to the
position of alpha carbon, it is called an alpha amino acid
and L-alanine is an alpha amino acid with the chemical
formula CH;CHNH,COOH. It is a white odorless crystal
powder and easily dissolves in water, slightly dissolves in
alcohol and undissolves in ether. L-alanine is a
conditionally essential amino acid and it is an important
source of energy for muscle tissue, the brain and central
nervous system. L-alanine strengthens the immune system
by producing antibodies, helps in the metabolism of
organic acids and sugars and is used by protein synthesis
and immune system regulation. It is the simplest acentric
crystal with second harmonic generation efficiency of
about 0.3 times that of the well known KDP [3-5]. Crystals
of L-alanine complexes have been studied by many
researchers and reported in the literature [6-12]. Picric
acid, also called as 2,4,6-trinitrophenol, is a pale yellow,
odourless crystalline solid that crystallizes in a non-
centrosymmetric system. Considering the importance of L-

alanine, a research programme is being carried out in our
laboratory to study various L-alanine complexes. In this
work, L-alanine is mixed with picric acid to form L-
alanine alaninium picrate (LAAP) crystal. The aim of this
work is to report the nonlinear optical (NLO) and other
properties of the grown crystals of LAAP and the results
are discussed.

2. Synthesis and growth

In the present study, the commercially available
Analar Reagent (AR) grade salts of L-alanine and picric
acid were purchased (Merck India) and dissolved in
double distilled water in 1.5:1 molar ratio to obtain the
synthesized LAAP salt by conventional chemical reaction
method. Here the reactants of solution was heated at 60 °C
for two or three days till the synthesized salt of LAAP was
obtained and it was purified by re-crystallization process
twice. The saturated solution of re-crystallized salt of
LAAP has been prepared and the solution was stirred well
using a hot plate magnetic stirrer for 2 hours and then it
was filtered using a Whatmann filter paper. The filtered
solution was allowed to evaporate and numerous tiny
crystals were formed at the bottom of the container due to
spontaneous nucleation. A good quality seed crystal was
kept in the supersaturated solution in a beaker and this
arrangement was placed in a constant temperature bath
(accuracy: 0.01 °C) maintained at 32 °C. Due slow
evaporation, the seed crystal was turned into a big-sized
crystal. It took about 20 days to grow LAAP crystal of
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size 21 x 15 x 7 mm®. Similar procedure was followed to
obtain many LAAP crystals for the characterization
studies. The photograph of a harvested crystal is shown in
the Fig. 1.

Fig. 1. The grown crystal of LAAP.

3. Techniques for characterization

An ENRAF NONIUS CAD-4 X-ray diffractometer
with MoK, (A=0.71069 A) radiation was used to perform
single crystal XRD studies and powder X-ray diffraction
(PXRD) study was carried out using a powder X-ray
diffractometer (PANalytical Model, Nickel filtered Cu Ka

radiations with A= 1.54056 A at 35 kV, 10 mA) in the
diffraction angle range 10° -80°. To carry out the second-
order nonlinear optical property, Kurtz and Perry powder
SHG test was carried out for the powdered sample of
LAAP using Nd:YAG Q-switched laser which emits the
first harmonic output of 1064 nm. The optical transmission
spectrum of LAAP crystal has been recorded in the region
190-1100 nm using a Perkin Elmer (Model:Lambda 35)
UV-vis-NIR  spectrophotometer. For this study, an
optically polished single crystal of thickness 1.5 mm was
used. The measurements of dielectric constant and
dielectric loss for the grown LAAP single crystal were
carried out using an LCR meter (Agilent 4284A) at
various frequencies in the range 10? - 10° Hz and at
different temperatures ranging from 30° to 90°C. For the
good ohmic contact, opposite faces of the sample crystal
were coated with good quality graphite paint. For etching
studies, the sample crystal of LAAP was immersed in the
selected etchant for known duration of time and dried with
the aid of a tissue paper. The revealed etch features were
analyzed using an optical microscope attached with a
camera (Olympus make). The third-order NLO property of
LAAP crystal was investigated using Z-scan technique and
in this measurement, a He-Ne laser (A = 632.8 nm) was

used as the light source and focused by a lens of 22.5 cm
focal length. LAAP crystal of thickness I mm was
translated across the focal region along the axial direction,
which was the direction of the propagation of the laser
beam. The transmission of the beam through an aperture
placed in the far field was measured using photodetector
fed to the digital power meter.

4. Results and discussion
4.1 X-ray diffraction (XRD) studies

The structural characterization was carried out by
single crystal XRD and powder XRD studies. The grown
LAAP crystal has been subjected to single crystal X-ray
diffraction study to obtain the crystallographic data which
reveals that LAAP crystal crystallizes in monoclinic
structure. The obtained lattice parameters for the LAAP
crystal are a = 8.263(3) A, b =7515@2) A, ¢ =
15.536(4) A, o= 90°, B=106.15°,y=90° V =926.65
(A). The obtained single crystal XRD data are found to be
in good agreement with the data reported in the literature
[13]. The grown LAAP crystal has been crushed to a
uniform fine powder and subjected to powder X-ray
diffraction to identify the diffraction planes and hence the
lattice parameters. The powder XRD pattern of LAAP
sample is presented in the Fig. 2. All the reflection peaks
of powder XRD pattern of grown crystal were indexed
using the INDEXING and TREOR software packages
following the procedure of Lipson and Steeple [14]. The
powder XRD data for LAAP sample are provided in the
Table 1.
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Fig. 2. Powder XRD pattern for LAAP sample.
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Table 1. Powder XRD data for LAAP sample.

20 (deg.) d(A) Rel. int. hkl
Observed Calculated Observed Calculated (%)
14.365 14.042 6.161 6.302 4.940 101
16.387 16.242 5.405 5.453 10.42 110
16.951 16.731 5.226 5.294 11.27 012
20.590 21.408 4.310 4.147 100.00 013
22.480 22.429 3.952 3.961 351 200
25.782 26.183 3.453 3.401 1.74 121
26.628 26.662 3.345 3.341 4.99 014
28.927 28.842 3.084 3.093 15.14 -1 05
30.528 30.743 2.926 2.906 12.57 212
31.763 31.548 2.815 2.834 3.39 1114
32.608 32.617 2.744 2.743 31.19 -3 02
33.039 32.823 2.709 2.726 6.01 220
34.388 34.291 2.606 2.613 6.91 223
37.466 37.447 2.398 2.400 1.38 204
40.211 40.234 2.241 2.240 1.15 225
42,551 42.560 2.123 2.122 0.98 -2 32
45,514 45.558 1.991 1.989 1.48 41 2
48.480 48.395 1.876 1.879 1.16 040
53.932 53.896 1.699 1.700 1.90 -2 28
54.441 54.387 1.684 1.686 1.19 -1 4 4
56.671 56.629 1.623 1.624 2.47 3009
61.352 61.428 1.510 1.508 1.01 522
62.070 62.068 1.494 1.494 1.30 409

4.2 EDAX studies

EDAX stands for Energy Dispersive Analysis by X-
rays and it is a technique used for identifying the elemental
composition of the specimen. It works as an integrated
feature of a scanning electron microscope (SEM). During
EDAX analysis, the specimen is bombarded with an
electron beam inside the scanning electron microscope and
X-rays will be emitted. By measuring the amounts of
energy present in the X-rays being released by the sample
during electron beam bombardment, the identity of the
atom from which the X-ray was emitted can be
established. In this work, the EDAX spectrum of the
LAAP sample was recorded using a computer controlled
scanning electron microscope (Model: HITACHI S-3000
H) and it is displayed in Fig. 3. From the diagram, it is
confirmed that the elements such as C, O and N are
present in the sample.
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Fig. 3. EDAX spectrum of LAAP crystal.

4.3 Optical transmission spectral analysis

The optical transmission range, transparency cut-off
and the absorbance band are the most important optical
parameters for laser frequency conversion applications.
The UV-visible transmittance spectrum of LAAP crystal is
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shown in the Fig. 4. From the spectrum, it is noticed that
the LAAP crystal is quite transparent from 1100 nm to 450
nm and therefore the crystal of this work is transparent for
green light and thus it is a second harmonic generator for
Nd:YAG laser. The energy gap value is determined for the
lowest cut-off wavelength value of (A= 445 nm), which is
equal to 2.78 eV.
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Fig. 4. UV-visible transmittance spectrum of LAAP crystal.

4.4 Second-order and third-order NLO studies

The famous Kurtz and Perry powder technique [15]
was used to check the second-order nonlinear optical
(NLO) activity of LAAP sample. A high intensity
Nd:YAG laser (A = 1064 nm) with a pulse duration of 6 ns
was passed through the powdered sample of LAAP
(particle size of 150 pum) and the emission of green
radiation of wavelength 532 nm confirms SHG. The
second harmonic generation signal of 12.97 mJ for LAAP
crystal was obtained for an input energy of 0.68 J. But the
standard KDP sample gave an SHG signal of 8.8 mJ for
the same input energy. Thus, it is observed that the SHG
efficiency of the LAAP sample is 1.47 times that of the
standard KDP crystal.

Third-order NLO studies were carried out by using Z-
scan technique. It is a standard technique for determining
the nonlinear index of refraction (ny), nonlinear
susceptibility and nonlinear absorption coefficient () of
samples [16]. Measurements of open and closed aperture
of the normalized transmittance and sample position Z
have been made and the curves are shown in Figs. 5 and 6.
The curves are characterized by a prefocal transmittance
maximum (peak) followed by a postfocal transmittance
minimum (valley) intensity. The transmission difference
between peak and valley (AT, ) is written in terms of
phase shift

AT - 040671-5"25 |ag|
Linear transmittance aperture (S) is calculated using the
relation

S = 1—exp(%§)

where r, is the radius of the aperture and , is the beam
radius at the aperture. The third-order nonlinear refractive
index (n,) of the crystal was calculated by following the
relation.

N = Ad /(Ko Lerr)
where I, is the intensity of the laser beam at the focus (Z =
0)and K =2n/A (A is the wavelength of laser beam).
The effective thickness can be calculated using the
relation
Less = [1-exp(-al)] / o

where o is the linear absorption coefficient and L is the

thickness of the sample.The nonlinear absorption
coefficient (B) can be calculated using the following
relation
_ 2ZaT
IpLess

where AT isthe one peak value at the open aperture Z-

scan curve. The real and imaginary parts of the third order
nonlinear optical succeptibility (3 ©)) are defined as

Real part of x @ = (10%¢,c*n,2n,) /. (esu)
Imaginary part of y © = (10% g ¢® n2 AB ) /
4 (esu)

Absolute value of 1y ® = [{Real part of X 2 +
{Imaginary partof x @}*1"?  (esu)

Here &, is the vacuum permitivity, n, is the linear
refractive index of the sample and c is the velocity of the
light in vacuum. The obtained resutls from the Z-scan
measurements for LAAP crystal are presented in Table 2.
The positive value of third-order nonlinear refractive index
(ny) is 0.65 x 10 cm?¥ W and it indicates that the sample
is in self-focusing nature. The value of nonlinear
absorption co-efficient (B) for LAAP crystal is 0.19x10™
cm/ W and it indicates the two-photon absorption process
in the sample. The  absolute value of nonlinear
susceptibility for LAAP crystal is 0.803 x 10° esu and
this reflects the third-order NLO activity of the sample.
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Table 2. Obtained data from Z-scan measurements for LAAP crystal.

Nonlinear refractive index (n,)
Nonlinear absorption coefficient ()

Real part of the third-order nonlinear susceptibility Re (x ©)
Imaginary part of the third- order nonlinear susceptibility Im (3 ©)

The third-order nonlinear susceptibility (x ©)

0.65 x 10 cm¥ W
0.19x10" cm/W
0.55 x10°® esu

8.04 x10esu
0.803 x10° esu

4.5 Etching studies

Etching property is used as the most convenient
method for visualization of defects. In the present work,
water was used as an etchant. In the process of chemical
etching, the etching time, concentration of etchant and
selective etchant are playing vital roles. The etching
studies were carried out on the (001) plane of the single
crystal of LAAP with de-ionized water as an etchant using
an optical microscope attached with a camera at room
temperature for etching times of 10 s and 20 s. The etching
features of LAAP crystal are presented in the Fig. 7.
Etching of the grown LAAP crystal for 10 s produces
small dot-shaped etch pits. On successive etching for 20 s
produces more number of circle-shaped pits and some
valley-shaped edge pits in the sample. Since LAAP crystal
is soluble in water, more number of pits are seen when
etchant time is increased. The resulting etch pits are the
characteristic distribution of defects and are produced at
the dislocation sites [31].

(b)

Fig. 7. Etch pit patterns of LAAP sample.
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4.6 Dielectric constant, loss factor and activation
energy

Figs. 8 and 9 present the variations of dielectric
constant and dielectric loss factor with temperature at
frequencies such as 102, 10° and 10° Hz. From the results,
it is observed that both the dielectric parameters (¢, and
tan 0) increase as the temperature increases and these
values decrease as frequency decreases for LAAP crystal.
The high values of ¢, at low frequencies may be attributed
to dominance of space charge polarization and the nature
of decrease of dielectric constant and dielectric loss with
frequency suggests that the LAAP crystal seem to contain
dipoles of continuously varying relaxation times. It is
observed that LAAP crystal has low dielectric constant
and low dielectric loss at higher frequencies and hence
suitable for electro-optic applications. AC conductivity
(oa) of LAAP crystal for different frequencies can be
determined using the relation o, = o & g, tan & where ®
is the angular frequency of a.c. supply, &, is the dielectric
constant, g, is the permitivity of free space, tan & is the
dielectric loss factor. The AC conductivity values are
fitted in the equation o, = o, exp (-E / KT) where o, is a
constant which depends upon the type of the sample, E is
the activation energy, k is the Boltzmann’s constant and T
is the absolute temperature [17]. A graph is drawn between
In 6, and 1000/T at frequencies such as 102 10° and 10°
Hz (Fig. 10) and the activation energy was calculated by
linear fit analysis. It is to be mentioned here that the
graphs of In o, and 1000/T were drawn using the ORIGIN
software package at frequencies 10°, 10° and 10° Hz
separately. Then, the three graphs were combined into one
graph and it is shown in Fig. 10. Activation energy values
were determined from each graph separately and are
provided in the Table 3. From the results, it is noticed that
the values of AC conductivity increases with temperature
and also with frequency. The values of activation energy
are found to be slightly decreasing with frequency (almost
independent of frequency) and the decrease in activation
energy for LAAP crystal may be attributed with high
conductivity of the sample at higher frequencies.
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Table 3. Some pertinent data of AC conductivity and activation energy for LAAP crystal.

Frequency AC conductivity Activation
(Hz) G4 X10® (ohm m)™* Energy
40°C  60°C 80°C  (eV)
10 0.0725  0.157 1159  0.595
10° 0.4726  1.068 6.881  0.589
10° 195.4450 614.692 2387.598 0.581
5. Conclusion References

L-alanine alaninum picrate (LAAP) salt was
synthesized by solution method and the single crystals
were grown by slow evaporation technique and the
harvested crystals are observed to be yellow in colour,
transparent and non-hygroscopic. EDAX study reveals the
presence of C, N, O elements in grown LAAP crystal.
XRD studies confirms the monoclinic structure of the
grown crystal. The optical transmittance study reveals high
transparency of the crystal in the range 450-1100 nm with
a cut off wavelength of 445 nm. SHG efficiency of LAAP
sample was found to be 1.47 times that of KDP crystal.
Etching studies reveal that dot and valley shaped etch pits
in the grown crystal. Dielectric studies were used to obtain
values of dielectric constant, dielectric loss, AC
conductivity and hence activation energy for LAAP crystal
in order to understand the conduction processes that are
taking place in the sample. Z-scan technique was used to
analyze the third-order parameters which reveal that
LAAP crystal possess self-focusing nature and two-
photon absorption process.
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