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Abstract. L-Phenylalaninium Tartrate (LPT) organic
NLO crystal was grown first of its time and subjected to
various characterizations. Single crystal XRD studies
were conducted. UV-visible spectral studies were carried
out. Absorbance and transmittance spectra of LPT crystal
were recorded. From the spectrum it is clear that the LPT
crystal has a UV cut-off of approximately 265 nm. The
band gap energy of the grown LPT crystal was calculated
using the Tauc’s plot and it is found to be 4.65 eV. PL
spectrum of LPT crystal was recorded by exciting with UV
light at 250 nm. The PL emission spectrum of LPT crystal
contains the emission peaks at 468 and 543 nm in the
visible region of the spectrum and the peak at 828 nm is
due to the emission of IR radiation. FTIR spectral method
was used to identify the presence of functional groups in
the grown crystal. Microhardness study was performed by
using a Microhardness analyser. Impedance analysis was
carried out for LPT crystal by using an impedance
analyser at different frequencies. From dielectric studies,
it is observed that, the dielectric parameters like dielectric
constant and loss factors decrease with increase in
frequency and their values increase with increase in
temperature. From the SHG measurement, it is observed
that there is a green laser light emitted from the sample
and the relative SHG efficiency of LPT sample is 1.71
times that of KDP sample. Z-scan technique was used to
determine third-order NLO parameters of LPT crystal.
LDT value was determined. The obtained value of LDT of
LPT crystal is 2.675 GW/cm?2.
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1. INTRODUCTION

Nonlinear Optical (NLO) materials play a major
role in both academic research and technological
applications. NLO crystals are the most suitable
materials for frequency conversions, second
harmonic generation, laser technology, optical data
storage, optical switching and fibre optic
communications [1]. Organic crystals possess
higher non-linear efficiency compared to inorganic
crystals. The organic crystals are effectively applied
in active research due to its higher non-linear second

35

order coefficients [2]. Amino acids play a promising
role in NLO Applications as they possess proton
acceptor amino group (NHs*) and a proton donor
carboxyl group (COO") [3]. L-Phenylalanine is an
amino acid, with surprisingly good SHG efficiency
in it [4]. L-tartaric acid is a white crystalline organic
material that occurs fruits, grapes, bananas, citrus
and tamarinds and it forms many tartrate compounds

[5].

2. EXPERIMENTAL METHOD

The organic single crystal of L-Phenylalaninium
Tartrate was grown by dissolving high purity L-
Phenylalanine and Maleic acid in 1: 1 molar ratio in
a beaker containing 100 ml of double distilled water.
The solution was stirred about 5 hours and heated in
a constant temperature of about 50° C. The prepared
solution was filtered by Whatmann filter paper and
left for slow evaporation at room temperature.
Initially, seed crystals were obtained. By placing
some of the good quality seed crystals in the
saturated solution, big-sized crystals of LPT were
grown. The schematic diagram of crystal growth
process for growing LPT crystal is shown in figure
1 and the grown crystal is shown in figure 2. A good
quality of LPT crystal of 25 x 8 x 7 mm? size was
obtained within one month. It is seen that the grown
crystal is transparent and colourless.

3. RESULTS AND DISCUSSION

3.1 Single crystal XRD studies

The grown crystal of LPT is confirmed by single
crystal XRD studies using ENRAF NONIUS CAD-
4 diffractometer with MoK radiation (A=0.71073 A)

to determine the crystal structure and lattice
constants. From the analysis, the structure of the
grown crystal is observed to be orthorhombic and
the data are compared with the parent compound and
are presented in Table 1.


mailto:gershomjeba@gmail.com

Fig: 1 Schematic diagram of Crystal growth process for growing LPT crystals
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Fig.2 The grown bulk single crystal of LPT

Table 1 Unit cell parameters of LPT crystal

Parameters LPT crystal
Crystal System Orthorhombic
o 90°
B 90°
v 90°
a(A) 6.431(2)
b (A) 7.583 (4)
c(A) 12.694(1)
Unit cell volume(A%) 619.04 (3)

3.2 UV-visible spectral studies

The optical properties of the grown crystal are
studied by using UV-Vis analysis. The instrument
used for recording UV spectrum is Perkin Elmer
Lambda 35 spectrophotometer.

A graph of Absorbance vs Wavelength is drawn.
It is shown in the figure 3. From the spectrum, it is
clear that, the LPT crystal has a UV cut-off of
approximately 265 nm. It reveals that, the grown
crystal has good transmittance of nearly 80%,
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without the absorption peak in the entire visible
region [6].

The Transmittance versus Wavelength graph was
drawn and indicated by figure 4. From the graph, it
is clear that the crystal has a wide transparency
range, which enables it as a good candidate for NLO
applications especially optoelectronic applications
[7.8].

The band gap energy of the grown LPT crystal was
calculated using the Tauc’s plot and it is given in
figure 5. The band gap is found to be 4.65 eV. This
indicates that the LPT crystal is a higher band gap
energy material.
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Fig. 3 UV-Vis absorbance spectrum of the grown
LPT Crystal
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Fig. 4 UV-Vis transmittance graph of the grown
LPT crystal
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Fig. 5 Tauc’s plot of the grown LPT crystal

3.3 Photoluminescence study

Photoluminescence (PL) is a phenomenon which
generates optical radiation in UV, visible and IR
spectral ranges when a sample is excited with UV
light. PL is the emission of light radiation during the
transition from its lowest vibrational energy level of
the excited state back to its ground state. The loss of
emission of photons is due to the vibrational
relaxation, internal conversion and intersystem
crossing. PL spectrum of LPT crystal was recorded
at room temperature by exciting the crystal with UV
light at 250 nm. The PL emission spectrum of LPT
crystal is shown in the figure 6. From the result, it is
observed that there are emission peaks at 468 and
543 nm in the visible region of the spectrum. The
emission peak at 828 nm is due to the emission of IR
radiation. The optical and electronic properties of
the grown LPT crystal are studied by using
photoluminescence analysis [9].
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Fig. 6 Photoluminescence spectrum of the grown
LPT crystal

3.4. FTIR spectroscopy

FTIR analysis was carried out to identify the
presence of functional groups in the grown crystal. The
characteristic absorption peaks was recorded in 400 —
4000 cm™ using the Perkin Elmer FTIR Spectrometer
and it is given in figure 7. The peak at 3168 cm™
indicates the NHs* stretching vibration and the peak at
3028 cm corresponds to NH vibrational stretch [10].
The peak at 2048 cm* indicates the CH stretching. The
peak at 1416 cm™* indicates the presence of C=0 stretch
of COOH group [11]. The peak at 1347 cm™* denotes the
OH bend of COOH group [12]. The peak at 1041 cm
corresponds to C-H rocking vibration. The peak at 701
cmt indicates the in plane deformation of COO" group.
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Fig. 7. FTIR spectrum of the grown LPT crystal

3.5 Microhardness studies

Measurement of hardness is a useful non-
destructive testing method used to determine the
applicability of the crystal in the device fabrication
and it is one of the best methods to understand the
mechanical properties of materials [13]. Crystals,
free from cracks, with flat and smooth faces are
chosen for Vickers Microhardness test [14]. For
different loads of 25 g, 50 g, 75 g and 100 g, the
indentations were applied at a constant indentation
time with an interval of 25 s. Diagonal lengths of
indentation (d) were noted in um for different
applied load (P) in g. The variation of diagonal
length with applied load for LPT crystal is shown in
figure 8. The Vickers hardness (Hy,) number at
different loads were calculated [15] using the
following relation:
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Figure 9 shows the variation of Vickers hardness
number (Hy,) with the applied load (P). It is seen that
the hardness number is increasing while increasing
the applied load. Beyond 75 g, there is a slight
decrease of hardness. It is because of formation of a
crack on the surface of the sample.
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Fig.8 Variation of diagonal length with applied load
for LPT crystal
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Fig.9 Variation of Microhardneé-s with applied load
for LPT crystal

Based on Meyer’s analysis of hardness, relation
connecting load P and indentation length d is
P =k d"

Where k;is the material constant, n is the Meyer’s
index or work hardening coefficient. Taking log on
both sides of the above equation, it becomes

logP = logk, + nlogd
A Plot of log P versus log d is shown in figure 10
and it yields a straight line graph. Its slope gives the
value of work hardening coefficient (n) and it is
found to be 3.102.
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Fig. 10 Plot of log (d) versus log (P) for LPT crystal

According to Onitsch [16] and Hanneman [17], n
value lies between 1 and 1.6 for hard materials and
it is more than 1.6 for soft materials. Hence, LPT
crystal belongs to soft material category. Kick’s law
states that since the material takes some time to
revert to the elastic mode after every indentation, a
correction term has to be applied to the d-value [18],
and it is given by

P =k,(d + x)?

k\ Y2 k
() ()
d (k1 d+ X x

A graph is drawn between d™? and d is shown
in figure 11. This graph yields a straight line
tendency with the slope of (k,/k;)'/? and with an
intercept of (k,/k,) x. The obtained values of k,,
k, and x are tabulated in Table 2.
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Fig. 11 Plot of d"? versus d

Table 2 Values of the constants such as n, k4, k,
and x

Parameter Value
n 3.1020

K1 (kg/mm) 0.00251

K> (kg/mm) 0.05630
X -7.4920

3.6. Impedance analysis

Impedance is defined as the frequency
domain ratio of the voltage to the current and it is
the opposition of the flow of alternating current
(AC) in a complex system [19]. Impedance analyses
were carried out for the grown crystal to find out the



impedance, bulk resistance, capacitance, DC
conductivity and relaxation time [20]. This
technique analyzes the ac response of a system to a
sinusoidal perturbation and subsequent calculation
of the impedance as a function of frequency of the
perturbation [21]. The frequency dependent
electrical properties of a material are often
represented in terms of complex impedance Z* = Z’
+jZ” where Z’ is the real part of impedance and Z2”
is the imaginary part of impedance [22]. Figure 12
gives the variation of real part of impedance with
frequency at room temperature for LPT crystal.
From the results, it is observed that the real part of
impedance decreases with rise in frequency [23].
The high real part of impedance at low frequency
indicates low ion mobility in the grown sample and
it may result in improving NLO properties of the
sample [24]. Figure 13 presents the variation of
imaginary part of impedance (Z”) with frequency at
room temperature for the grown crystal [25]. The
Nyquist plot for LPT crystal is drawn between Z’
versus Z” and it is shown in the figure 14.
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Fig.12 Variation of real part of impedance with
frequency at room temperature for LPT crystal

"y {ohms)

T
2

|
\
i
!
1
!
5

Imaginary part of impedance

Fig.13 Variation of imaginary part of impedance
with frequency at room temperature for LPT crystal

39

6000
5000
4000

3000

-£" [ ohm

2000

1000

,./":

']
0 1000 2000 3000

Z' [ ohm

4000 5000

Fig.14 Nyquist plot for LPT crystal

3.7. Dielectric measurement

Dielectric studies were carried out to
investigate the response of the crystal to an applied
electric field and to determine various electrical
parameters such as dielectric constant (g;), dielectric
loss (tan &) and conductivity at different
temperatures [26]. Occurrence of a dielectric
between the plates of a condenser increases the
capacitance. Essentially, dielectric constant is the
measure of how easily a material is polarized in an
external electric field [27]. Dielectric parameters
depends on the frequency applied and temperature.
The variations of dielectric parameters of the
samples with temperatures and frequencies are
presented in the figures 15 and 16. From the graphs,
it is observed that dielectric parameters like
dielectric constant and loss factor decrease with
increase in frequency and their values increase with
increase in temperature. The high values of ¢, at low
frequencies may be due to presence of space charge
polarization. Its low value at high frequencies is
because of the loss of four polarizations viz. space
charge, orientational, ionic and electronic
polarization. It is to be noted here that, the space
charge polarization is dominant whereas electronic
and ionic polarizations are not very much active in
low frequency range and the low value of dielectric
constant at higher frequencies will be due to the
reason of the slagging of dipoles with respect to the
quick changes in the applied field. It is a suitable
parameter for the enhancement of SHG coefficient
and extending the samples application towards
photonic, electro-optic and NLO devices [28].
Increase of dielectric constant with temperatures
may be due to the thermal excitation of atoms about
their lattice point and blocking of charge carriers at
the electrodes [29]. It is observed that at lower
frequencies and higher temperatures, the dielectric
constant and dielectric loss of the sample is larger
[30]. High dielectric constant values of the sample
leads to power dissipation. A material having low
dielectric constant will have less number of dipoles
per unit volume and as a result, it may have

6000



minimum loss compared to the material having high
dielectric constant.
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Fig.15 Variation of dielectric constant with
frequency at different temperatures for LPT crystal
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Fig.16 Variation of dielectric loss with frequency
at different temperatures for LPT crystal

3.8. Second-order NLO studies

Second harmonic generation (SHG) is an optical
process that results in the conversion of an input
optical wave into an output optical wave with a
frequency twice that of the input wave. This
frequency doubling process is particularly used to
make green laser light with a wavelength of 532 nm
from an Nd: YAG laser operates at 1064 nm. Kurtz
and Perry powder method is used for analyzing the
SHG efficiency of the sample [31]. The laser is
focused on a powdered sample, and the light emitted
is collected, filtered and detected using a
photomultiplier tube [32]. The primary laser beam
with a wavelength of 1064 nm, and a pulse width of
6 ns, and a pulse rate of 10 Hz are made to fall on
the powdered LPT crystal sample. In this
experiment, the reference sample used is KDP [33].
The obtained data from the SHG experiment for the
LPT sample are given in table 3. From the SHG data,
it is observed that there is a green laser light emitted
from the sample, and hence LPT sample shows the
second-order NLO effect. The result indicates that
the relative SHG efficiency of LPT sample is 1.71
times that of KDP sample [34].

Table 3 SHG data for LPT crystalline material
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Sample Code / Output Input
Sl. Energy
Name i Energy
No. of the sample (m'“' (joule)
joule)
KDP
. (Reference) 8.90 0.70
2 LPT sample 15.22 0.70

3.9. Third-order NLO studies-Z-scan technique

There are two modes of measurement in the Z-
scan technique, viz. open aperture and closed
aperture modes. A He—Ne laser (A = 632.8 nm) is
utilized as the light source in this measurement. The
light intensities are determined as a function of
sample location in the Z-direction relative to the
focal plane using closed or open aperture techniques
to resolve the nonlinear refraction and absorption
coefficients [35]. The relation between transmission
difference between peak and valley (ATp. ) from
closed aperture Z-scan curve and the phase shift
(Ad) is given by

AT,_, = 0.406(1 — 5)°2%|4¢|
Here S is the linear transmittance aperture. Using the
above relation, the phase shift (Ad) is determined,
and using this value, the third-order nonlinear
refractive index (n2) is calculated using the
following relation
ny =A4¢ / KlgLesy
where |, is the intensity of the laser beam at the
focus, L is the effective thickness of the sample,
and K is the wave vector [36]. In the closed aperture
Z-scan curve, the nonlinear absorption coefficient
(B) can be determined using the following relation
B =2v24T / IoL,,,
Where AT is the peak value of the Z-scan curve for
an open aperture.* The value of p will be negative in
the case of saturable absorption and positive in the
case of two-photon absorption”[37]. The following
relations can be used to derive the real and
imaginary components of the third-order nonlinear
susceptibility (y ).
Real part of y©® = (107*g,c?nén3) /
Imaginary  part of x® = (1072gyc?n2AB) /
472
Where g, is the permittivity of free space or

vacuum, n, is the linear refractive index of the
sample, A is the wavelength of light and ¢ is the
velocity of the light [38-39].

The open aperture and closed aperture Z-scan
curves for LPT crystal are shown in figures 17 and
18 respectively. Since the closed aperture curve
shows a peak followed by a valley, LPT crystal has
the negative value of the nonlinear refractive index,
and it is due to non self-defocusing nature. The
important values in connection with the Z-scan
analysis are provided in table 4. From the obtained
data, the nonlinear third-order optical susceptibility



of LPT crystal is observed to be high and hence this
crystal could be useful in NLO applications.

—m— O pen aperture Z-scan curve |—

-
g A"‘-_.-‘I

:.Ei x

Nomalized ransmittance

\
‘.\ ;

J/._...-—.

»
J

\

Z (mm)

Fig. 17 Open aperture Z-scan curve of LPT crystal
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Fig. 18 Closed aperture Z-scan curve of LPT crystal

Table 4 Z-scan data

for LPT crystal

Real part of third-order
susceptibility
Imaginary part of third-
order susceptibility
Third-order
susceptibility, ¥©

Important parameters Values
Laser wavelength () 632.8 nm
Lens focal length 30 mm
Aperture radius (ra) 4.1 mm
Spot size in front
aperture (ma) 4.5mm
Incident intensity
Sample thickness 2 MW/cm?
Nonlinear absorption 0.77 mm
coefficient (B)

Nonlinear refractive 3.024x10° m/W
index (n)

- 6.247x10° m3wW
5.402 x107esu

7.551x108esu
5.448x107esu

3.10 Laser damage threshold measurement

An important related property of NLO
crystals is the threshold for catastrophic laser
induced damage. Laser induced damage in optical
materials is a phenomenon involving interaction of
high power laser radiation with matter and various
physical, chemical, mechanical, optical and other
aspects of materials that come into play. It is evident
that the harmonic conversion efficiency is
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proportional to the power density of the fundamental
beam. Hence, a convenient way to increase the
efficiency is to focus the beam into the crystal. But,
this often leads to breakdown of the materials,
catastrophically damaging the crystal. It is then
useful to prescribe the maximum permissible power
for a particular crystal, defined as damage threshold.

The minimum power level which causes
damage to at least 50% of irradiated sites is defined
as the single shot damage threshold. Laser damage
threshold is a special parameter of a material. Before
applying a crystal as an NLO component in various
applications such as frequency doubling, optical
parametric processes etc., one should calculate the
LDT value of the particular crystal [40]. LDT
measurement was conducted for the crystal at 1064
nm. The laser damage threshold depends on pulse
duration, focal spot geometry, sample quality,
previous history of the sample, experimental
technique employed etc. The experimental set-up
used for the measurement of laser damage of the
samples is shown in figure 19. A Q-switched Nd:
YAG laser (Continuum USA, Model: Surelite-I11) of
wavelength 1064 nm and pulse width of 10 ns was
used. The energy of the laser pulse was controlled
by an attenuator (combination of A/2 plate and
polarizer) and delivered to the test sample located
near the focus of a plano-convex lens of focal length
30 cm. The presence of single pulse damage was
found by checking the fall of transmitted intensity as
determined by a fast PIN type Si photodiode and
drawn in a digital storage oscilloscope
(Tektronix:TDS 3054B). A pyro-electric energy
meter was used for measuring the energy of the input
laser pulse for which the crystal gets damaged. The
LDT value was determined using the formula
P = E/rtr?where E is the input energy in mJ, t is the
pulse width in ns and r is radius of the laser spot in
mm [41, 42]. The calculated value of LDT of LPT
crystal is 2.675 GW/cm?. Since this value of high,
LPT crystal could be used for laser applications [43].
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Fig. 19 Block diagram for
threshold measurement

4. CONCLUSIONS

the laser damage



In the present study, an organic NLO
crystal viz. L-Phenylalaninium Tartrate (LPT) was
grown first of its time and subjected to various
characterizations. The grown crystal of LPT is
subjected to single crystal XRD studies. From the
analysis, the structure of the grown crystal is found
to be orthorhombic. UV-visible spectral studies
were carried out by using a spectrophotometer.
Absorbance and transmittance spectra of LPT
crystal were recorded. From the spectrum it is clear
that the LPT crystal has a UV cut-off of
approximately 265 nm, reveals that the grown
crystal has good transmittance of nearly 80%
without the absorption peak in the entire visible
region. The band gap energy of the grown LPT
crystal was calculated using the Tauc’s plot and it is
found to be 4.65 eV. PL spectrum of LPT crystal was
recorded by exciting with UV light at 250 nm. The
PL emission spectrum of LPT crystal contains the
emission peaks at 468 and 543 nm in the visible
region of the spectrum and the peak at 828 nm is due
to the emission of IR radiation. FTIR spectral
method was used to identify the presence of
functional groups in the grown crystal. The
functional groups identified are NHs*, NH, CH,
C=0, CN, COO" etc. Microhardness study was
performed by using a Microhardness analyser and it
is found that hardness increases with increase in
applied load up to 75 g and then it decreases.
Meyer’s law was used to calculate the value of work
hardening coefficient and it is found to be 3.102.
Impedance analysis was carried out for LPT crystal
by using an impedance analyser at different
frequencies. From the results, it is observed that the
real part of impedance decreases with rise in
frequency and also imaginary part of impedance
decreases with increase in frequency. The Nyquist
plot for LPT crystal was also drawn between Z’
versus Z”. From dielectric studies, it is observed
that, the dielectric parameters like dielectric constant
and loss factors decrease with increase in frequency
and their values increase with increase in
temperature. The high values of & at low frequencies
may be due to the presence of space charge
polarization and its low value at high frequencies
may be due to the loss of four different type of
polarizations such as space charge, orientational,
ionic and electronic polarization. The low value of
dielectric constant at higher frequencies will be due
to the reason of the slagging of dipoles with respect
to the quick changes in the applied field. From the
SHG measurement, it is observed that there is a
green laser light emitted from the sample and the
relative SHG efficiency of LPT sample is 1.71 times
that of KDP sample. Z-scan technique was used to
determine third-order NLO parameters of LPT
crystal by using a He—Ne laser (A = 632.8 nm). From
the obtained data, the nonlinear third-order optical
susceptibility of LPT crystal is observed to be high
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and hence this crystal could be useful in NLO
applications. The LDT value was determined. The
obtained value of LDT of LPT crystal is 2.675
GW/cm?, Hence the grown LPT crystal shall be used
in Laser applications also.
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