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ABSTRACT:

The homogeneous solution of L— Arginine Ammonium Bromide (LAAB) crystal was prepared
for 1:1 ratio and good optical crystals were grown by slow evaporation method. The grown Crystal
was subjected to various characterizations such as single, powder X-ray diffraction, Fourier
Transform Infrared (FTIR) spectroscopy, UV-Vis Absorption Spectroscopy, Thermo
gravimetric(TGA), Differential Scanning Calorimetery (DSC) and Second Harmonic Generation.
The cell parameters were determined by single crystal X-ray diffraction such as a = 16.40 A, b =
15.81 A, ¢ = 8.79 A, Volume (V) = 2281 A3; a = ¥ = 90° p =90.65° confirmed that it belongs to
monoclinic crystal system. The characteristics of the grown crystal were discussed in detail i.e., cell
parameters, optical, functional group analysis, thermal studies and SHG result.
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INTRODUCTION

In recent times, fabrication of non-linear optical (NLO) materials plays a predominant
role in the field of optoelectronic devices like laser diode, optical switching, optical
computing, optical memory storage, electro-optical modulation, optical information
processing etc. Fascinatingly, organic NLO materials are involved much attention due to the
huge non-linear response over a wide range of frequency. Also, these materials exhibit
practical difficulties in the production of bulk crystals for various potential applications. To
overcome, this difficulties the synthesis of new hybrid semi-organic crystal are introduced

with various organic and inorganic materials®?,

Based on this background, the combination of L-arginine with inorganic materials like
ammonium bromide might enhance the non symmetric behaviors which pave the path
towards the nonlinear optical properties. In addition, the proper combination of L-arginine
with ammonium bromide could leads to alternate approach for potassium dihydrogen

orthophosphate (KDP) crystals®®.

This works mainly focuses on the L— Arginine Ammonium Bromide (LAAB) crystal
growth by slow evaporation method. In order to understand the structural, optical and
thermal properties of LAAB crystals, various investigations have been carried out such as
single, powder X-ray diffraction, Fourier Transform Infrared (FTIR) spectroscopy, UV-Vis
Absorption Spectroscopy, Thermogravimetric (TGA), Differential Scanning Calorimetery
(DSC) and Second Harmonic Generation (SHG).

EXPERIMENTAL DETAILS

The structure of L— Arginine Ammonium Bromide (LAAB) is shown in Figure 1 and the

Table 1 shows the various properties of L-Arginine and Ammonium Bromide.
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Figure 1. L-arginine structure
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Table 1. Properties of L-Arginine and Ammonium Bromide

CesH14N402 NH,4Br

174.2g-mol™ | 97.94g-mol™

white powder white powder
1.42 glem® 2.429 glem®
260 °C 235°C

14.87 g/L 60.6 g/ 100ml

Synthesis and Crystal Growth
The L — Arginine and Ammonium Bromide materials were taken in equimolar ratio.

In adduct is formed according to the following reaction.

C4Hy4N,0, + NH,Br - NH,(C;H,,N,0,)Br

The distilled water and stirred at room temperature for 5 hours to achieve the
homogenous condition. The L-Arginine Ammonium Bromide material was synthesized by
slow evaporation method (L-AAB) tiny crystals also grown. The L-AAB material was
purified by repeated recrystallization. After purification the solution was prepared for super
saturation condition and filtered with Whatmann filter paper. The crystal clear solution
carefully transferred to 50 ml beaker and closed with pinholes plastic sheet for natural
evaporation. After 4 weeks, optically clear crystal was harvested with good dimension
14x3x2 mm®. Good dimension crystals are very essential for device fabrications and optical

applications. The grown crystal is shown in Figure 2.
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Figure 2. Photograph of grown LAAB crystal.

RESULT AND DISCUSSION

Powder x-ray diffraction

The good optical L-AAB crystal was powdered finely and subjected powder X-ray
diffraction characteristics using the Bruker D8 Advanced powder X-ray diffractometer with
CuKa (A= 1.54182\). The study was carried in the range of 10° to 90°. The recorded X-ray
pattern is shown in Figure 3. The good crystalline nature was confirmed from the single
sharp peak’.

The tiny crystal of LAAB was subjected to single crystal X-ray diffraction analysis.
Using the Bruker instrument the cell parameter and space group (P21 21 21) were found. The

cell parameters of LAAB are given in Table 2.
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Figure 3. PXRD Pattern of LAAB Single Crystal
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Single x-ray diffraction

Table 2. Lattice parameters of LAAB.

90°=90°£ 90° Monoclinic

FTIR spectral studies
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Figure 4. FTIR spectrum of LAAB crystal

The FTIR spectroscopy studies are effectively used to identify the functions groups
presents in the crystal. The FTIR spectral analysis for the grown crystal has been recorded
in the range of 400 — 4000 cm™ as shown in Figure 4.

In the high energy region peak at 3496 cm™ is due to -OH stretching. The peak at 3300
cm™, 2954 cm™ is assigned to C-H stretching vibration. The peak at 3163 cm™ is assigned to
O-H stretching vibration. The peak at 2731 cm™ indicates N-H stretching. It is clearly seen
that the existence of carboxylic acids (COOH) function groups. The fact that some of the
COOH groups are ionized implicates an appearance of the NH3" group in arginine molecule.
The strong band 1585 cm™ in the infrared spectrum is attributed to N—H bending vibration
of NHs" group. The peak at 1660 cm™ indicates NHs* bending®.

The peak 1467 cm™,948 cm™ and 746 cm™ are assigned to C-H bending. The peak at
1354 cm™ represents the CH, wagging vibration. The peak at 1172 cm™ indicates
Asymmetric of COO" vibration. The stretching frequency around at 1093 cm™ is

characteristics of C-N stretching. The peak at 543 cm™ is assigned to C-Br stretching. The
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observed peaks in the spectrum are assigned to their corresponding bonds and functional

groups and tabulated in Table 3.

Table 3. FTIR Functional Group Assignments of the Grown LAAB Crystal

-OH stretching
C—H stretching
N-H stretching
NH;" bending
C-H bending
C-O stretching
COO vibration
C-N stretching
C—Br stretching

UV-Vis spectral studies

0.7

0.6

0.5

210 nm

0.4 4

0.3

Absorbance

0.2

0.1

0.0 T T T T T T
100 200 300 400 500 600 700 800

Wave length (nm)

Figure 5. UV-Vis spectrum of LAAB crystal

The UV-Visible spectral study is a useful tool to determine the transparency, which
is an important requirement for a material to be optically active. The optical transmission
spectrum of the LAAB single crystal was recorded in the range of 100-800 nm and is shown
in Figure 5.

A large absorption was found of 210 nm and drastic variation occurs the crystal has

very low absorbance in the entire visible and IR region. The UV spectrum reveals that the
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cut off wavelength of LAAB is 210 nm and the grown crystal has wide transparency in the
entire visible region. This is optimized for the suitability of opto-electronic applications °.

Band gap energy
The energy gap for a grown LAAB crystal was calculated for using the Tauc

equation

(ahy) = A(hy — Eg)"

(ahv)? (eV/m)?

54 Band gap 5.1eV

Figure 6. Band gap of LAAB crystal

Where "o’ is the absorption coefficient, 'h' is the Plank’s constant, v'is the frequency
of the incident photon and A is constant. The linear portion of the plot of (a/v)® versus hv
where extrapolated to the energy axis which gives the exact band gap value. A plot of (a/v)?
versus Av is shown in Figure 6. From the intercept of straight line on the energy axis, the
band gap was found to be 5.1 eV. Large value of band gap indicates that the material is a

good insulator and can provide large transmission in visible region.

Thermal gravimetric analysis
In order to study the thermal stability of the grown crystal, thermo gravimetric
analysis (TGA) have been carried out using a SDT Q600 V20.9 Built 20 model thermal

analyzer in an inert nitrogen atmosphere.

The thermal studies such as TGA studies were carried out for L— Arginine
ammonium bromide crystal in the temperature range 28-800°C at the heating rate of 20°C

per min. The recorded TGA thermal curves for L — Arginine ammonium bromide crystal are
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shown in the Figure 7. The TGA trace shows, there is no weight loss below 154.5°C, hence
the crystal is completely devoid of any entrapped solvent in the lattice of the crystal. The
major weight loss occurs at four stages. First stage weight loss of about 6.856% (0.1528 mg)
observed between 85.5 °C to 154.5 °C is due to the decomposition of L-Arginine. Second
stage weight loss of about 11.42% (0.2547 mg) observed between 155.2 °C to 300 °C this is
due to step by step decomposition and release of volatile substances in the Compound,
probably ammonia and carbon dioxide. The third stage gradual weight loss of about 51.53%
(1.149 mg) observed for wider range of temperature between 301.5 °C to 450 °C is due to the
decomposition of potassium (760 °C). The fourth stage weight loss of about 7.919% (0.1765
mg) of wider range of temperature between 450°C to 800°C is due to decomposition of
LAAB. These four different stages weight loss indicates the decomposition of the substance.
The final residue weight left was 22.28% (0.4967 mg) after heating 800 °C for LAAB

crystal*®*2.
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Figure 7. TGA curve for LAAB crystal

Differential scanning calorimetry

The DSC analysis of the grown crystal was carried out between 28 °C and 800 °C
which is shown in Figure 8. There is a sharp endothermic peak starting at 111.47 °C to
122.39 °C, which corresponds to the decomposition as observed in TGA analysis. Again it
also confirms absence of melting and any entrapped solvent in the lattice. DSC curve shows
the sharp endothermic peak indicates the crystal has good crystallinity and decomposition
point of as grown LAAB crystal is 122.39 °C.
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The TGA-DSC result shows that the grown crystal is thermally stable up to 111.47
°C and establishes its suitability to withstand the high temperature for laser experiments.
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Figure 8. DSC curve for LAAB crystal

Second harmonic generation

In order to confirm the nonlinear optical property, powdered sample of LAAB was
subjected to a Kurtz and Perry powder techniques, which remains a powerful tool for initial
screening of materials for SHG. A Q switched High Energy Nd:YAG Laser (
QUANTA RAY Model LAB — 170 - 10 ) operating at the fundamental wavelength of 1064
nm with pulse width 8 ns and repetition rate of 10 Hz and input energy as 0.701 J was used.
The NLO property of the sample was confirmed by the sample was emission of bright green
light as output with wavelength of 532 nm. The KDP sample was used as the reference
material. The efficiency of second harmonic generation of L — Arginine and Ammonium
Bromide crystal was found to be 1.76 times greater than the reference material KDP 314,
Thus LAAB crystal can be used as an effective candidate for nonlinear optical applications.
CONCLUSION

The good optical quality single crystal of LAAB has been grown by slow evaporation
solution growth technique (SESGT). The sharp and well defined Bragg’s peaks of powder
XRD pattern at specified 20 angles shows the crystalline nature and purity of the crystal. The
lattice parameters of LAAB are determined by single crystal XRD. It belongs to monoclinic

crystal system. The presence of functional groups was confirms by FTIR. The optical
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absorption studies confirmed that the LAAB crystal has good optical transmission in the
complete UV-VIS-NIR region in the electromagnetic spectrum. The TGA measurement
reveals that the crystal is thermally stable upto 111°C and there is no structural phase
transition in low temperature region. SHG efficiency of the grown crystal was measured by
Kurtz and Perry powder techniques and its efficiency was found to be 1.76 times greater
than the KDP. Thus LAAB crystal can be used as an effective candidate for non-linear

optical applications.
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