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Abstract: The semi-organic single crystals of L-Glutamic acid hydrochloride a nonlinear optical material have been
grown by an evaporation technique. The Powder Xray diffraction and FT-IR analysis showed the formation of
semi-organic single crystals of L-Glutamic acid hydrochloride. The UV VIS absorption spectroscopic analysis and
Tauc’s plot confirmed that an optical quality and bandgap value of the crystals. The laser breakage threshold and
micro-hardness properties of LGHCI single crystals were evaluated. The dielectric behaviour of LGHCI single
crystal as a function of temperature was examined (300-350 K). The crystal’'s photoconductive properties were
investigated in order to determine its photocurrent and dark current responses. The obtained results point out that
the molecule is thermodynamically and optically stable, with a hyperpolarizability that is an equivalent to other
molecules in its class.

Keywords: semi-organic single crystals of L-Glutamic acid, XRD, Nonlinear Optics, Laser breakage threshold,
Photoconductivity.

1. INTRODUCTION

Optoelectronics, telecommunications, and the laser industry have all greatly benefitted from the use of second- and third-
order nonlinear optical materials [1-3]. It has become essential for technological advancements in recent years to find
NLO materials with substantial second and third-order optical nonlinearities and quick reaction times. Because of their
high damage threshold, wide transparency range, lower UV cutoff wavelength, high nonlinear coefficient, high
mechanical stability, and high thermal stability, semi-organic materials combine the enhanced properties of organic and
inorganic crystals. Due to their dipolar nature, NLO applications can take use of their unique physical and chemical
features [4]. Second harmonic generation (SHG) is one of the most exciting phenomena observed in most crystals without
a symmetry centre and is used for frequency conversion, optical modulation, etc.

Page | 124
Novelty Journals



https://www.noveltyjournals.com/
https://www.noveltyjournals.com/
https://www.noveltyjournals.com/
https://doi.org/10.5281/zenodo.10184116

- Novelty Journals ISSN 2394-9651

International Journal of Novel Research in Physics Chemistry & Mathematics
Vol. 10, Issue 3, pp: (124-132), Month: September - December 2023, Available at: www.noveltyjournals.com

Due to their high SHG efficiency and laser damage threshold (LDT) values, Lithium niobate and others are employed for
NLO applications [5- 7]. However, creating defect-free crystals from the above components is arduous. Thus, photonic
applications require a material with excellent NLO properties and easy single crystal formation. All amino acids except
glycine have chiral carbon atoms and noncentrosymmetric crystal structures, making them good candidates for second
harmonic and coherent blue-green laser generation [8, 9]. These crystals have SHG efficiency comparable to the
aforementioned materials and can be formed utilizing slow evaporation solution growth (SESG) without melt growth
methods.

Molecular engineering and chemical synthesis allow amino acids to be modified and optimized [10]. In this present work,
slow evaporation solution growth method was used to harvest 80 single crystal of L-Glutamic acid hydrochloride.

Experimental
Synthesis and crystal growth of L-Glutamic acid hydrochloride

L-Glutamic acid was dissolved in deionized water and grew in an equimolar ratio with hydrochloric acid to form a single
crystal of LGHCI.
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Figure 1: XRD pattern of LGHCI

On the basis of the solubility data [11], it was decided to create a super saturation solution and stir it for two hours. After
being filtered and allowed to evaporate at room temperature, the solution was discarded. Using the slow evaporation
solution growth method, optically transparent single crystals were grown in 25 days due to spontaneous nucleation. The
technique of recrystallization improved the quality and size of the crystal. Figure 1 depicts the Bravais-Friedal-Harker
(BFDH) morphology of the crystal of LGHCI crystal.

Characterization Techniques

X-ray diffraction investigation was performed on the generated LGHCI crystal using a Bruker AXS Advance X-ray
diffractometer. The reference crystal was CuKa (=1.5406109 A), and the data was recorded. The FT-IR spectrum of the
material was obtained using a Perkin Elmer spectrometer using the KBr Pellet technique in the range of 4000-400 cm™,
The UV-Vis absorption analysis of the material was performed with a Shimadzu UV-Vis spectrometer in water solution in
the spectral range of 187-1200 nm. The Kurtz and Perry powder approach was used to test the second harmonic
generation efficiency of LGHCI. For this experiment, the Q switched Nd:YAG laser of 1064 nm wavelength was used as
the optical source. The powder samples were carefully crushed to a particle size of 125-150 um, and then they were
loaded in a capillary tube with a diameter of around 1.5 mm. The power metre was used to determine the amount of input
energy, and it came out to be 6 mJ/pulse. The laser employed used to have 1064 nm wavelength, 8 ns pulse with, as well
as 10 Hz repetition rate, and it was focused on the sample. The sample causes a green light emission at 532 nm, which is
picked up with the aid of photomultiplier tube. The signal is first received by a photomultiplier tube, which transforms it
into an electrical signal. With the aid of Q-switched Nd: YAG laser, the laser induced damage threshold (LDT) of LGHCI
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was determined. Using a Hioki 3532-50 LCR metre, a dielectric investigation was conducted in the frequency range of 50
Hz to 5 MHz at temperatures between 300 and 400 K. Utilizing Keithley-6517 B electrometer, the photoconductivity of
an LGHCI crystal was measured. Under 100 mW/cm? of radiation, the photocurrent (IP) was measured for an applied
voltage range of 1-15 V. The measured sample's volume and surface area are 0.73 cm® and 5.823 cm?, respectively.
Variable loads of 10g to 100g were used to create indentations on the surface of the grown crystal, which was placed
correctly on the microscope's base. Five impressions were made for each weight, and the optical microscope was used to
determine the average pattern of diagonal lengths of the imprints.

2. RESULT AND DISCUSSION
X-ray diffraction analysis

The single crystal, fine powder of LGHCI] was scanned in the 28 range of 3° to 80°. Figure 1 depicts the powder XRD
pattern that was recorded. The emergence of quite sharp and strong diffraction peaks demonstrated that LGHCI was
crystalline and free from structural grain boundaries [12]. LGHCI crystal XRD [38] indicates that it is an orthorhombic
system with the P212121 space group. The dimensions of the cell are a=5.1016(1) A°, b=11.6386(4) A°, and
¢=13.2500(3) A°. This is consistent with the previously reported figure [13].

Optimized geometry

The experimental data and computed optimized structural parameters of LGHCI were both taken from the Gaussian'09
programme package using the B3LYP/6-311++G(d,p) level of theory and X-ray diffraction data [13] and the calculated
geometric parameters are most likely caused by the interactions between molecules in the crystalline state. The difference
could be explained by the fact that the calculations were done on a single molecule in the gaseous phase. In contrast to
what was found in experiments, when many molecules are packed together, this is called the condensed phase.

Most of the optimized bond lengths are close to the experimental values. This is because molecules interact with each
other. The N-H bonds with lengths of 1.084 A, 1.0038 A, and 1.006 A, respectively. The NH...Cl and N-H...O
intramolecular hydrogen bonds are what make the N8-H9 and N8-H11 bonds longer. The distance between CI-H and O-H
was found to be 1.821 and 2.191, which is much smaller than van darwaal's radii of 2.95 and 2.72. This suggests that N8-
H9...CI1 and N8-H11...04 could form intramolecular hydrogen bonds. Due to the presence of electronegative Cl and O
atoms, the hydrogen atoms next to each other in the NH** group, such as H9 and H11 and H10 and H11, move closer to
each other. This makes the angles of the H-N-H bonds smaller than the angles of the H9-N8-H10 bonds.

Vibrational spectral analysis

The experimental FT-IR spectrum of the title compound is shown in Figure 2. The asymmetric stretching vibrations of
NH; and the symmetric stretching vibrations of NH are typically detected in the area 3380-3350 cm™ and 3310-3280 cm”
! respectively [14].
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Figure 2: FTIR spectrum of LGHCI
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In amino acid derivatives, the protonation of the NH3* group can cause a band position shift toward the region of 3300-
3100 cm? and 3100-2600 cm?, respectively, for asymmetric and symmetric NH3* stretching [15-19]. In the infrared
spectrum, the stretching vibration bands caused by NH®* appear to be wider and less intense than those caused by
unmodified NH. groups. In the infrared spectrum, the asymmetric stretching mode of the NH3* group can be seen at a
frequency of 3147 cm™ as a faint and broadband signal. In addition, the position, broadness, and wavenumber of the NH%*
asymmetric stretching mode of vibration point to the formation of a powerful N-H...Cl intra-molecular hydrogen bonding
between the NH®* group and the CI-ion. This is indicated by the fact that the mode of vibration has a lower wavenumber.

Carboxylic acid, OH stretching has several bands in the 3700-3300 cm™ region, depending on their degree of association,
and the fundamental stretching vibrations of the hydroxyl group of monomers, combination, and overtone bands are
commonly expected in the 3570 cm™ region [20]. In the IR spectra of LGHCI, OH stretching vibration of carboxylic
group is detected as a faint band at 3557 cm™. The C=0 group of saturated aliphatic carboxylic acid absorbs considerably
between 1755 and 1700 cm™ [20] in amino acids. The medium-intensity band found at 1724 cm™ in both IR spectra
corresponds to the C=0 stretching mode of vibration. The typical zone for O-H deformation vibrations in the plane is
1400 to 1200 cm™. The bands of medium intensity found in the infrared at 1254 cm* correspond to the C-O-H in-plane
bending modes of vibration. The usual zone for O-H out-of plane bending vibrations of carboxylic groups is 700-600 cm!
[20, 22-29]. Medium and strong bands are seen at 675 cm™ and 634 cm™ in the IR spectrum. C-O stretching modes for
amino acid hydro halides are often observed between 1230 and 1215 cm [20]. Strong band seen in the IR spectra at 1213
cm, ascribed to CO stretching vibration.

The CHj scissoring deformation vibration, which is approximately 1463 cm [30, 31] is decreased to around 1440 cm™. A
carbonyl, nitrile, or nitro group decreases the adjacent CH. group's frequency to around 1425 cm™ and its intensity by
about [28-31]. At 1425 cm, the CH, scissoring vibrations appear as a band of moderate intensity in the IR spectra.
Rocking, wagging, and twisting vibrations appear in the area of 1422-719 cm? for the CH; group bending vibration [30-
33]. The medium to faint CH, wagging vibration is noticed in the IR band at 1372 cm™. C-H stretching vibrations have
often appeared between 3000 and 2850 cm™ for amino acids [20]. In the IR spectra of LGHCI, the C-H stretching modes
are detected as a weak and broad band at 2942 cm™.

Optical absorption spectra

UV-Visible absorption spectra played a crucial role for NLO materials, as nonlinear optical materials can only be used
practically if they have high transparency in the ultraviolet, visible, and near-infrared regions. It is obvious from the UV-
Vis spectra that the reported cut-off wavelength of LGHCI is 192 nm.
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Figure 3a: Optical absorption spectrum of LGHCI
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The experimental spectra reveal that LGHCI is transparent throughout the full 237-1200 nm wavelength range, with no
absorption peaks. This result implies that LGHCI crystal is suited in blue-violet region for NLO, optoelectronic, and other
applications.
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Figure 3b: Tauc’s plot of LGHCI
Second Harmonic generation

The SHG efficiency of LGHCIis measured using Kurtz and Perry powder technique.
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Figure 4: SHG output (mV) Vs Particle Size (um)

The SHG efficiency was measured and compared with standard KDP. The SHG signals of 44 mV and 27 mV were
obtained for LGHCI and KDP, respectively. From the Figure 4, it can be concluded that the relative SHG efficiency of
LGHCI is 0.67 times greater than that of standard reference KDP crystal.
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Laser breakage Threshold (LDT) study

The potential of the single crystal to resist damage caused by the laser is vital because it lets them be used in optical
applications. In general, the LDT value for a single shot is significantly greater than the LDT value for multiple shots
[34].

Figure 5: Microscopic image of single shot laser induced damage pattern along (1 0 1) plane

The superior optical quality LGHCI crystal was chosen and checked with an optical microscope. The crystal was then put
on the goniometer so that the laser could shine on its (1 0 1) plane. The attenuator controlled how much energy came out
and made sure that it went to the crystal.

Compound Laser Damage
Threshold (GW/Cm?)

Potassium dihydrogen Phosphate 0.2

Urea 1.5

Benzimidazole 2.9

L-Arginine Bis(trifluoroacetate)(LATBF) 0.79

L-Glutamic acid Hydrochloride 3.2

The damaged part of micrograph of the LGHCI single crystal along the (10 1) plane (shown in Figure 5) shows that there
are a few blobs around the damaged area. This is because the area melted and then solidified again.

The relationship [34] was used to figure out the LDT value of LGHCI.
I =El tnr?.... (7)

3.29 GW/cm? was the amount of laser damage power density found in LGHCI. This LDT value was also compared with
some organic and semiorganic crystals (Table), such as Potassium dihydrogen phosphate (0.2 GW/cm?) [35], Urea
crystals (1.5 GW/cm?) [35], Benzimidazole (2.9 GW/cm?), and L-Arginine Bis(trifluoroacetate)(LATBF) (0.79 GW/cm?)
[35]. So, the results depicted that LGHCI has a higher laser damage threshold than most of the otherinorganic and organic
crystals shown in below Table.

Parameters B3LYP/C6- 311++G(d,p)

HOMO energy, EHOMO (eV) -7.3371

LUMO energy, ELUMO (eV) -0.7434

HOMO- LUMO energy gap, AEGAP (eV) 6.5936

lonisation potential, IP (eV) 7.3371

Chemical potential, p (eV) -4.0403
Photoconductivity study

The variation of field dependent dark current (Id) and photocurrent (Ip) measurements of the LGHCI crystal was carried
out by a two probe technique at room temperature. The sample was shielded from radiation and the applied voltage rose
from 1V to 10 V in 1 V steps for dark current measurements. A 100 W halogen lamp with iodine vapor and tungsten
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filament illuminated photocurrent measurements. Field dependence of dark current and photocurrent of LGHCI crystals is
depicted in Figure 6. Clearly, the dark and photocurrent levels both grow linearly with the voltage level, but the
photocurrent is comparatively smaller than the dark current value, which is known as negative photoconductivity. A two
stage approach is supposed to explain negative photoconductivity in accordance with the Stockmann model. The lower
energy level features a capture cross section for electrons from the conduction band and holes from the valance band.
Presence of radiation, electron-hole recombination takes place and reduction of the number of mobile charge carriers
exhibit the negative photoconductivity. [18] At ambient temperature, a fluctuation in the field dependent dark current (Id)
and photocurrent (Ip) measurements of the LGHCI crystal was measured using a two-probe approach. In order to measure
the dark current, the sample was shielded from any type of radiation sources, and also the supplied voltage was
incrementally increased insteps from 1 - 10 V range. For the purposes of photocurrent measurements, illumination was
provided using a 100 W halogen lamp with a tungsten filament and iodine vapour contained within the bulb. The
relationship between the field, dark and photocurrent values of LGHCI crystals is depicted in Figure 6.
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Figure 6 Photocurrent and dark current response of LGHCL with applied electric field

The energy level with the larger value can be found in the region between the Fermi level and the conduction band. The
energy level with the lower value can be found in the region near to the valence band. The lower energy level features a
capture cross section for electrons from the conduction band and holes from the valance band. In the presence of
radiation, electron-hole recombination takes occur, which results in a decrease in the total number of mobile charge
carriers, which demonstrates the negative photoconductivity effect [18].

3. CONCLUSION

Using the slow solvent evaporation method, a semi-organic LGHCI single crystal has been produced. Powder X-ray
diffraction (P-XRD) analysis validated the crystalline property of generated crystal. FT-IR spectroscopic technique have
been used to examine the molecular vibrations of crystals of LGHCI. Using UV-vis absorption measurements, the range
of optical transmission was determined; a peak was seen at 192 nm as the UV cutoff wavelength, and the band gap energy
was also computed. The Second Harmonic Generation conversion efficiency of LGHCI is 1.62 times that of KDP crystal,
the industry standard and the compound exhibits its phase matching behavior. The values of the HOMO and LUMO
energy gaps reflect the likelihood of charge transfer within the molecule. The first and second order hyper polarizability
are estimated at the B3LYP/6-311++G(d,p) level of theory. Thus, the aforementioned tests demonstrated that LGHCL
could be a promising material for Second and third harmonic generation NLO applications as well as biological
applications.
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