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ABSTRACT

Amino acid crystals exhibit amazing nonlinear and electro-optical properties. Slow evaporation was used to
create 2-amino-4-(methylthio)butanoic acid doped barium bromide, a nonlinear optical material that falls under
the semiorganic category. X-ray difraction experiments on single crystals have shown that 2-amino-4-
(methylthio)butanoic acid doped barium bromide (AMB-BB) is a monoclinic crystal structure. It has been
demonstrated that AMB-BB contains functional groups based on FT-IR and Raman vibrational patterns. The
crystal’s shorter cut-off wavelength causes second harmonic generation (SHG) signals to appear at 250 nm,
according to Ultra-Visible spectral analysis. Based on the UV absorption curve, 5.02¢V is the optical band gap.
The performance of NLO devices benefits from the determination of optical constants such as reflectance and
extinction coefficient utilising UV-visible absorbance data. Non-destructive fluorescence spectroscopy is
employed to examine the electrical structure of crystals that have developed. Based on its fluorescence emission
spectrum, the AMB-BB crystal generates green fluorescence at an excitation wavelength of 279 nm. Its two lower
intensity peaks correspond to the UV wavelength at 310 nm and the visible wavelength at 604.5 nm (orange).
Additionally, the crystal displays a maximal emission peak with greatest strength at 530 nm. The mechanical and
dielectric characteristics of AMB-BB were assessed by micro hardness and dielectric studies. The laser damage
threshold of the synthesised crystal is measured up to 3.89 GW/cm’, a high value compared to urea (1.50
GW/em®) and KDP (0.20 GW/cm?®). This implies that the crystal can be used with high-power lasers. With a
Meyer’s value (n) crystal of 4.50 for an AMB-BB, it is evident that the material is categorised as soft. The
material’s work hardening coefficient is determined by this value. Furthermore, an investigation and
documentation of the dielectric behaviour as a function of frequency were conducted. Research has been
observed to support the possibility of AMB-BB crystals as optical limiting devices.

Keywords: Non-linear optical, Single crystal x-ray diffraction, optical studies, Fluorescence,
Laser damaged threshold

INTRODUCTION

In order to meet the needs of contemporary applications like frequency doubling, laser remote sensing, optical
switching, optical modulation, optical data storage, optical parametric oscillators (OPO), photonics, and medical
diagnostics, researchers are currently looking for efficient nonlinear optical (NLO) crystals [1]. It has been
demonstrated that crystal growth is of such incredible stature that it has stabilised into an amazing posture.
Several nonlinear susceptibilities of the organic crystals have been observed compared to the inorganic crystals
[2,3]. A multitude of findings about organic crystalline solids have been published recently [4,5], underscoring the
importance of n-conjugated molecules and the structure of a three-dimensional hydrogen bonding network they
generate. Amino acids are recognised to be interesting materials, especially for photonic applications, because of
their chiral symmetry and non-centrosymmetric space group [6,7]. Carboxylic acids remain a class of fundamental
relevance in organic compounds because they may form predictable patterns of hydrogen bonding interactions.
Consequently, the topic of crystal technology has received a lot of attention lately. The available source of the
amino acid synthesis process, which involves mixing carboxylic acids, has produced a plethora of accurate
knowledge regarding the interactions of hydrogen bonding with reference to individual molecules [8]. Organic
molecules with amine (-NH,) and carboxyl (-COOH) functional groups, as well as a side chain (R group) unique
to each amino acid, make up the crystal structure of amino acids. Carbon (C), hydrogen (H), oxygen (O), and
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nitrogen (N) are the four essential constituents of an amino acid; however, some amino acids have side chains that
contain other elements [9,10]. Because of their potential applications in optoelectronics, laser technology, optical
storage devices, and optical communications, amino acid derivatives that also happen to be nonlinear optical
(NLO) materials have attracted a lot of attention during the past 20 years [11].

Methionine is one of the twenty necessary amino acid ingredients. It is often referred to as 2-Amino-4-
(methylthio)butanoic acid. It has sulphur in it, which is necessary for the normal growth and maintenance of body
tissues. A number of fascinating papers on title material complexes have lately been published, and are currently
available in the literature [12]. L-methionine is one of the two organic amino acids in proteins that contain
sulphur, along with -Amino acid L-methionine has a protonated amino group, a deprotonated
carboxylic acid group (-COO) and an S-methyl thioether side chain [13]. L-methionine functions as a precursor in
the synthesis of proteins. It falls into the nonpolar and aliphatic amino acid category [14]. L-methionine and its
metal derivatives are mostly known for their catalytic activity, which bestows specific antiviral properties. This
amino acid is the source of creatine monohydrate, a substance needed for the synthesis of energy and the growth
of muscle [15,16]. Barium bromide is the source of the chemical compounds utilised in photography and other
kinds of bromides. Because radium occurs preferentially in a barium bromide solution and because the radium-to-
barium ratio in the precipitate may be larger than the ratio in the solution, barium bromide was historically used in
the purification of radium using Marie Curie’s fractional crystallisation process [17]. A number of recently
published article have reported on the complexation of L-methionine with both organic and inorganic materials,
including L-phenylalanine D-methionine single crystal [18], L-methioninium picrate [19]. Consequently, amino
acid complexes have received constant attention since they appear to have all the unique characteristics needed for
photonics applications. The basic properties of the generated L-methionine succinic acid (LMS) single crystals are
presented in this study. Methionine and cysteine are the two proteinogenic amino acids that are sulfur-containing.
The crystal structures of methionine and many of its salts have been reported before [20]. Many studies are being
conducted to create new organic nonlinear optical (NLO) materials because of the materials’ potential
applications. Maleic acid salts containing amino acids, specifically L-Alaninium maleate [22] and L-Arginine
maleate [23], were recently synthesised, identified as non-limiting organic compounds, and published. In this
article, a new NLO material, the molecular structure of L-methionine L-methioninium hydrogen maleate
(LMMM), is reported [24].

L-Methionine or 2-amino-4-(methylthio)butanoic acid (AMBB) semi-organic material doped barium bromide
(BB) single crystals are not widely explored and are now being evaluated for prospective technological purposes,
according to the authors’ considerable investigation and knowledge. Our objective is to create a single crystal of
2-amino-4-(methylthio)butanoic acid (AMBB) doped barium bromide (BB) and study its many mechanical,
electrical, optical, structural, and physical characteristics.

2. Synthesis and crystal growth

2-Amino-4-(methylthio)butanoic acid doped barium bromide (AMB-BB) single crystals were mixed by
dissolving AR grade 99% purity. Separately, dissolve barium bromide (BaBr,) and 2-amino-4-
(methylthio)butanoic acid (CsH;1INO,S) in water (solvent) at a 1:1 ratio. Stirred well and continue stirring until,
after 8 hours, a homogenous solution develops at room temperature. The mixture was filtered through high-
quality Whatman filter paper (grade 1) to remove any impurities. This was kept for crystal formation in a sterile
beaker. The solution was then allowed to gradually evaporate at room temperature without being disturbed. Clear,
colourless crystals with good definition were removed after about sixty days. The generated AMB-BB single
crystals have an average size of roughly 23 mm x 7 mm x 5 mm. Fig. 1 shows an illustration of the AMB-BB
crystals.
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Fig.1 Pictorial representation of synthesis AMB-BB single crystals

2.1. Characterizations Techniques

The structure of AMB-BB crystals was examined using a single crystal X-ray diffractometer to ascertain the
effect of barium bromide on 2-amino-4-(methylthio)butanoic acid. An ENRAF NONIUS CAD 14 Automatic X-
Ray diffractometer was used to examine the X-ray diffraction of the AMB-B crystal. UV-Vis spectra in the 200—
1000 nm wavelength range were obtained with a Jasco V-570 UV-VIS Spectrophotometer in order to evaluate the
optical transparency of the crystals that were formed. Single crystals of AMB-BB that had been cut and polished
and had a thickness of around 2 mm were used for the current experimental investigations. The room temperature
fluorescence emission spectra of LMBB were obtained with a Perkin-Elmer LS 45 spectrophotometer. FT-IR and
FT-Raman spectra were used to identify the presence of several functional groups. Using an IRAffinity-1 CE,
FTIR spectra were obtained in the 4000—400 cm ' range to look at the coordination of metal complexes
(Shimadzu Corporation analytical and measuring equipment division, Kyoto, Japan). The FT-Raman spectra of
the formed crystals were obtained at 4 cm™ resolution in the 4500-400 cm™ range using a Perkin-Elmer GX 2000.
A 20 ns pulse width Nd-YAG Q-Switched laser was used. Multiple-shot LDT measurements were performed in
the well-polished crystal. The sample was exposed to a 1 mm spot size of the regulated laser light, and the energy
output was measured. The laser light intensity was modified and applied to the sample using the variable
attenuator. During laser irradiation, it was observed that the laser beam possessed a high energy. Thus, Vickers
micro-indentations hardness tests were performed using Leitze Wetzlar hardness testers equipped with square
diamond indenters. A variety of loads ranging from 10 to 100 g were utilised in order to ascertain the
microhardness value (H,). The dielectric was measured using an Agilent 4284A precision LCR metre set to
oscillate at 1 V amplitude. The dc electrical resistivity samples were measured at room temperature up to 100 °C
in a constant electric field of 60 V/cm using a Keithley 6517A programmable electrometer.

3. RESULTS AND DISCUSSION

3.1. Single XRD studies

An analytical technique for identifying atom configurations inside a crystalline sample is single X-ray diffraction.
For AMB-BB crystal, single XRD is used to determine the properties of the unit cell and the three-dimensional
coordinates of the atoms inside it [25]. The lattice parameters of the crystal are as follows: a = 10.47 A, b = 7.93
A, c=896 A, a=y=090°p =113.53° V(A) The result for 3 is 645, which suggests that it belongs to the
monoclinic system and that its C2/c space group, as shown in Table-1, is consistent with values that have been
previously published [26].
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Table-1 Lattice parameters of AMB-BB crystals

Lattice Parameters (A ) Volume
Sample (A3)
a(A) b (A) c(A) Vv
Reported work 10.74 7.39 8.69 633
[Ref. 3]
Present work 10.47 7.69 8.86 614.86

3.2. OPTICAL STUDIES

3.2.1. UV-Vis analysis

Important information regarding the electrical properties, chemical structure, and electronic resonance structure
can be found in the UV-Vis and NIR light spectra. When electrons undergo ground state transitions, they absorb
UV-VIS light, which is generated upon electron stimulation. For optical device applications, large transmittance
ranges and low cutoff wavelengths are required [28,29]. Since it is essential to their use, nonlinear optical
materials cannot function without a wide transparency window.[30].

It has been demonstrated that AMB-BB crystal has higher optical transparency (over 90%) in the visible
spectrum, which makes it a promising material for nonlinear optics. The absorbance spectra displayed in Fig.2a
indicated that the cut-off wavelength for AMB-UV BB was 250 nm. The observed UV-visible absorption spectra
show no appreciable absorption in the visible NIR and IR regions. Because the crystal exhibits remarkable
transmittance throughout the visible spectrum, these optical materials with a nearly perfect transmittance window
in the visible domain are perfect for non-linear optical app/lzications [31]. The optical band energy of the produced
versus
Tauc’s relation. Additionally, the bandgap can be computed using the eqn. 1:

E; = 1240/ Ronset 1)

where E, denotes the bandgap energy and onset denotes the absorption edge as determined by the absorption
spectra. The outcomes of the previously given formula matched the Tauc relation curves quite well [32]. A large
range of band gaps in the title compound cause it to exhibit enormous transmittance in the visible spectrum [33].
The absence of energy absorption across the visible spectrum indicates that the generated AMB-BB is a
favourable material in the field of nonlinear second harmonic creation. [34].
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Fig.2. UV-spectroscopy spectra (a) Absorbance curve and (b) band gap
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3.2.2. Optical Constant determination

The way materials are employed in optoelectronic devices is largely determined by their optical characteristics.
There may be a high correlation between a material’s optical properties and its electrical properties, electronic
band structure, and atomic structure [35]. It is easy and accurate to measure the optical constant with inorganic
crystals. It is possible to accurately control the optical density of states and the spatial distribution of the photonic
mode in such crystals. Figs. 2c and 2d, which show the variation of reflectance (R) and extinction coefficient (k)
as a function of absorption coefficient, respectively, clearly demonstrate that both reflectance and extinction
coefficient depend linearly on photon energy [36]. The internal efficiency of the device is also impacted by the
absorption coefficient. Optoelectronic devices can be produced if the proper material is obtained [37,38]. The
following illustrates how the extinction coefficient (K) and reflectance (R), which are connected to the absorption
coefficient (a), are displayed. The absorption coefficient affects the device’s internal efficiency as well. By
achieving the right material, optoelectronic devices can be made [37,38]. The extinction coefficient (K) and
reflectance (R), which are related to the absorption coefficient (o), can be shown in the following eqns. 3 and 4
[36]:

K = oaM4n 3)
R =1+ Vl-exp(-at) + (at)/1 + exp(-at) (4)

Figs. 2c and 2d show how reflectance (R) and extinction coefficient (K) fluctuate with photon energy hv. It is
anticipated that the AMB-BB crystal’s high transmittance will be a consequence of its low extinction coefficient
and reflectance. This has incredible applications in nonlinear optics.
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Fig.2. Determination of optical constant (c) reflectance and (d) extinction coefficients

3.3. Fluorescence studies

Fluorescence (FL) spectroscopy is a non-destructive, contactless technique for analysing a material’s electrical
structure. It is the material’s optically stimulated, naturally occurring light release. Aromatic compounds feature
several conjugated double bonds that are remarkably stable at resonance, which is a physicochemical property
[39]. To verify the emission spectrum associated with this particular excited state, measurement of the
fluorescence spectra for the AMB-BB crystal were made. The AMB-BB wide emission spectra were measured
between 200 and 1000 nm, which is the excitation wavelength range. Fig.3 displays the fluorescence emission
spectra of the AMB-BB crystal at 279 nm excitation wavelengths. In the FL spectrum, there were two additional
peaks that were less intense. This is equal to an ultraviolet wavelength of 310 nm and 604.5 nm (orange). At 530
nm, the crystal’s intensity reaches its maximum emission peak, indicating that green fluorescence is being
emitted. Furthermore, a solitary, acute peak indicates excellent crystalline perfection [40].
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Fig.3. Fluorescence spectrum of AMB-BB single crystal

34. FT - Raman spectral studies of AMB-BB

Fig. 4 is illustrated by the spectroscopic pictures of AMB-BB crystals. In Raman absorption, NH;" asymmetric
stretching peaks at 3390 cm  [41]. In Raman spectrum, a C—C stretching vibration occurs at 1616 cm . The
Raman spectrum shows the appearance of the C-C stretching modes at 717 cm . The Raman frequencies 595 and
440 cm correspond to C—C—C out of plane bending and C—C—C out of ring deformation, respectively [42].
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Fig.4. FT-Raman spectrum of AMB-BB single crystal
3.5. FT-IR Vibrational spectroscopy
In the infrared, the absorption peaks are NH;" asymmetric stretching at 3390 cm . The medium broad band at

2918 cm in the infrared showed that CH; asymmetric stretching was present [43]. The peak at IR at 2621 cm
is caused by the symmetric stretching mode of NH;" [44]. The NH;" symmetric deformation is confirmed by the
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infrared signal at 1519 cm . The C—C stretching vibration is observed at 1602 cm in the infrared range [45],
whereas the COO-weak band has an absorption band visible at 1420 cm  in the infrared spectrum [46]. The C-
COO stretching vibration at 1282 cm  and the CH, twisting vibration at 1241 cm in the infrared spectrum are
caused by the rocking of NH;" vibration [43]. The IR spectra show the C-C stretching modes at 740 cm

1420 3390

Transmittance (%)

T T T T T
500 1000 1500 2000 2500 3000 3500 4000

Wavenumber (cm )
Fig.5. FT-IR Vibrational spectrum of AMB-BB single crystal

3.6. Surface laser damage threshold (LDT) studies

Surface laser damage to nonlinear optical materials is caused by non-linear optical processes that are impacted by
high light intensity. The NLO materials must sustain despite the high power intensities [47]. This formula was
used to determine AMB-laser BB’s damage threshold.

Pd = EA 5)

where 1 is the pulse width (ns), A is the circular spot size area, and E is the pulse energy (mJ/ cm?). According to
this study, surface laser damage from the AMB-BB crystal may be 3.89 GW/cm®. Because of its higher value as
compared to urea (1.50 GW/cm?) and KDP (0.20 GW/cm?), high-power lasers can be utilised with it [31].
Growing crystal demonstrates a lower laser damage threshold (5.71 GW/cm?®) for L-methionine DL-mandelic acid
in comparison to previous studies [48]. This study demonstrates that due to its metal complexes, when BaBr
replaces K (potassium), the corresponding laser damage threshold value is much lower.[49].

3.7. Microhardness studies

The structure and chemical composition of crystals have a major impact on their mechanical properties. The
following expression (6) has been used to calculate the micro-hardness values for the AMB-BB single crystal at
each load:

H, = 1-8544 x P/d* (Kg/mm?) (6)

where P is the applied force in grammes, d is the diagonal length of the indentation mark in microns, and H, is
represented in kg mm®. The relationship between the Vickers hardness number and applied load P is seen in Fig.
6a. Plotting against the hardness number (H,) and applied load (P) is displayed in Fig. 6a’s curve [50-52]. As the
applied force increases, the hardness number (H,) in the AMB-BB crystal rises due to the reverse indentation size
effect (RISE) (P) [46].

The load variation can be interpreted by using Meyer’s law equation (7),
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P =K1dn (7)

where P is the applied force, d is the diagonal length of the impression, K, is a constant, and n is the Meyer’s
index, also known as the work hardening coefficient. The slope of In P versus In d (Fig. 6) yields the value of n.
The work hardening coefficient of an AMB-BB, which is 4.50 according to Meyer’s value (n) crystal, makes it
abundantly evident that the material is soft [53]. Therefore, in order to create devices, it is important to increase
the mechanical strength of the crystal. AMB-BB crystal’s hardness and sufficient mechanical strength allow it to
be utilised to create a range of NLO devices.
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Fig.6. (a) Variation of hardness number versus load applied P for AMB-BB and (b) Meyer’s plot for AMB-BB

crystal.

3.8. Dielectric studies

The dielectric properties of optical materials are intimately associated with the electro-optic properties of non-
conducting crystals. A sample with a silver coating on the opposite faces and dimensions of (4 x 2 x 1) mm on
each side is used to measure the dielectric. The dielectric constant (

frequency, from 1.0 Hz to 5.5 MHz, are shown in Fig. 7a and 7b, respectively.

When the frequency is raised from 1.5 to 5.0, the dielectric constants show a drop in Fig. 7a of the samples that
does not change. The crystal structure, electronic polarizability, and atomic polarizability of a crystal determine its
dielectric behaviour at low frequencies (eqn. 8 and 9) [54]:

e’ =Cd/Agy ®)
g”"=¢'tan § )

The symbol d in this expression stands for the crystal thickness. A is an area represented by capacitance, and ¢ is
the vacuum’s dielectric constant. the relationship in which the dissipation factor D was used to compute the
crystal’s dielectric loss.

Figs. 7a and 7b show how frequency affects the dielectric constant and dielectric loss of the produced crystal. The
dielectric constant falls until it approaches a constant value in frequency-dependent dielectric constants and
dielectric losses. Therefore, space charges, which exist in the structure as defects like oxygen vacancies, can be
responsible for the larger dielectric constant values at lower frequencies. Low dielectric constant values are the
result of space charge polarisation saturation at higher frequencies. All of the samples show a drop in dielectric
constant with increasing frequency, and at 100 kHz, the contribution from space charge polarisation is seen.
Greater frequencies result in lower dielectric constant values because dipoles are unable to follow the quickly
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changing field, whereas lower frequencies result in higher dielectric constant values because dipoles can follow
the alternating field. The current data agrees well with the previously published [55].

The grown crystal has extremely minimal loss over the complete range of the designated frequencies, as seen
clearly in Fig. 7b, indicating that there are no structural defects in the single crystal. As frequency rises, the
dielectric loss decreases. The increased dielectric loss at lower frequencies can be explained by oxygen vacancies,
which act as space charges and whose contribution is dominant at lower frequencies. For many NLO materials
and their applications, this feature, which shows negligible dielectric loss at a high frequency is especially
important [56].
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Fig. 7 (a) Dielectric constant Vs log frequency and (b) Dielectric loss Vs log frequency for AMB-BB single
crystal

4. CONCLUSION

The slow evaporation solution growth method was used to generate the semi-organic single crystal of 2-amino-4-
(methylthio)butanoic acid doped barium bromide (AMB-BB). The AMB-BB crystal structure had been
established using single-crystal X-ray diffraction. AMB-BB crystallised in a monoclinic system belonging to the
space group C2/c. FT-IR and FT-Raman spectral data analysis reveals multiple functional groups. Using UV-Vis-
NIR optical experiments, the lowest cut-off wavelength of the crystal, which is 250 nm, was determined. and
ascertained the optical band gap, determining it to be 5.02 eV. Optical constants like reflectance (R) and
extinction coefficient (K) were assessed based on the photon energy. The reverse indentation size effects of the
crystal are confirmed by microhardness measurements. The dielectric loss and dielectric constant of the crystal are
investigated at various frequencies. It shows green fluorescence emission, as indicated by the measured emission
peak at 520 nm, which corresponds to the maximum intensity of the crystals. Additionally, a single, sharp peak
denoting good crystalline perfection is seen. The AMB-BB single-shot laser damage threshold with the Nd: YAG
laser at 1064 nm wavelength is 3.98 GW/cm”.Thus, AMB-BB single crystals seems to be an appropriate
candidates for optical limiting applications.
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