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From the raw materials L-Serine and oxalic acid, the product Bis-L-
Seriniumoxalatedehydrate(BLSOD) was created. By using a slow evaporation process, the
individual BLSOD crystals were produced from aqueous solution. According to single
crystal X-ray Diffraction investigations, the structure of the produced crystal is
monoclinic. The existence of different functional groups and the chemical environment
present in the synthesised material were qualitatively determined through the use of
Fourier Transform Infra-Red (FTIR) and proton nuclear magnetic resonance (HINMR)
spectrum studies. The crystal's transparency in the visible and near-infra-red arcas was
confirmed by UV-Visible-Near infrared and photoluminescence spectrum tests, which also
looked at the material's viability for device construction. To determine the crystal's
machinability, the mechanical properties of the material were carefully examined using
Vicker's hardness research. Thermal investigations such as Thermo gravimetric (TGA) and
Differential thermal analysis (DTA) have shown the thermal stability of BLSOD and the
phases of weight losses. As a function of frequency and temperature, the dielectric
constant and dielectric loss of grown crystals were determined. The Kurtz-Perry powder
test was used to check both the second harmonic generation (SHG) and then the NLO
property of the material.
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1. Introduction

In recent days, nonlinear optical (NLO) materials have become the key elements in solid
state laser and frequency conversion techniques that have important applications in many fields,
such as advanced laser-based imaging, optical communication, and data storage systems [1]. In the
field of crystal engineering, the evolution of single crystals with self-assembled hydrogen bonds in
their molecular structure has received considerable attention [2]. The coherent blue and green light
emitted by nonlinear optical materials is important for many applications like displays, high-
resolution printing, and signal processing, etc. [3-5]. These NLO materials, in the form of their
single crystals, are the basis of all contemporary technology [6-8]. Semi-organic materials have
high optical linearity, are resistant to laser-induced damage, have an inherent ultra-fast response
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time, have low angular sensitivity, and have good mechanical stability [9, 10].Chemical purity and
structural composition are evaluated together to determine an effective SHG sample's optical
response [11]. Organic molecular materials with a high degree of delocalized electrons have
received a great deal of attention due to the compound's additional supporting nonlinear response
[12]. Amino acids are attractive materials in the field of nonlinear optics because they have higher
SHG efficiency than conventional KDP [13, 14]. Thus, the curiosity of researchers is focused on
amino acids, which have a group of hydrogen-bonded nature that show very good NLO properties
[15, 16]. This NLO behaviour is attributed to the presence of a proton donor carboxyl acid (coo—)
group and a proton acceptor (NH2+) group in amino acids. The molecular hyperpolarizability (f)
is the basis of a strong SHG response. The zwitter ionic form of L-serine can be combined with
anionic, cationic, and neutral constituents. It is one of the naturally occurring protein-genic amino
acids. Recent studies have also revealed that many oxalates of the amino acid family which have
directly linked two carboxyl groups also primarily show SHG behaviour [17]. Oxalic acid,
commonly known as ethanedioic acid, is an organic acid with the formula C,H,O,. It is the most
basic dicarboxylic acid. It is a white crystalline solid that dissolves in water to create a colourless
solution. It is found naturally in a variety of foods. In this paper we report on the synthesis and
growth and structural, spectral, optical, mechanical, and thermal characterizations of BLSOD
single crystals grown by the slow evaporation technique.

2. Experimental details

2.1. Synthesis and crystal growth of BLSOD

The starting materials, L-Serine and oxalic acid of high purity (AR grade), were procured
from Sigma-Aldrich. L-serine is an -amino acid that is polar, uncharged, and has a hydroxymethyl
group on its side chain.Oxalic acid is an organic compound. The L-Serine and Oxalic acid were
taken in a 2:1 stoichiometric ratio and dissolved in double distilled water to prepare the aqueous
solution of BLSOD. The solution was continuously stirred and slightly heated above the room
temperature to obtain a homogeneous mixture over the entire volume. The expected chemical
reaction is given in Fig. 1. The prepared solution was filtered twice using Whatmann filter paper in
order to eliminate suspended impurities. At room temperature, the purified solution was allowed to
evaporate., which yielded the salt of Bis-L-Seriniumoxalatedihydrate (BLSOD). The substance
was successively recrystallized using deionized water to ensure high purity. The transparent
colourless crystals were harvested after a period of 45 days. Fig. 2 shows the grown crystals of
BLSOD from its aqueous solution by a slow evaporation technique.
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Fig. 1. Chemical reaction of BLSOD.
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Fig. 2. The grown crystal of BLSOD

2.2. Characterization

A single crystal XRD study of the DLLM crystal was performed to obtain cell parameters
using an ENRAF NONIUS CAD4 diffractometer and incident MoKa radiation of wavelength
0.71073 A. The powder XRD analysis of the sample was performed using a REICH SEIFERT X-
ray diffractometer and incident CuKa radiation of wavelength 1.54058 A. Using a BRUKER
IFS66V FTIR spectrophotometer, the functional groups in the sample were studied in the 400 cm™
to 4000 cm™' range. The sample's molecular structure was confirmed using a BRUKER 300 MHz
spectrometer in DMSO solvent, with TMS as the internal reference standard. The optical
transparency of the crystal was investigated using a PERKIN ELMER LAMBDA35
spectrophotometer in the wavelength range of 200 nm to 800 nm. The Lumina Fluorescence
Spectrometer was used for the photoluminescence study. The LEITZ WETZLER Vickers micro
hardness tester was used to assess mechanical strength. The dielectric nature of the crystal was
studied using HIOKI 3532 LCR HITESTER in the frequency region of 50Hz—5SMHz. The sample's
thermal stability was determined using TG/DTA on a NETZSCH STA 449F5 thermal analyzer.
The second-order nonlinearity was determined using the Kurtz and Perry powder technique.

3. Results and discussion

3.1. Single crystal XRD analysis

The compound's crystal structure, lattice parameters, and crystalline phases were
calculated using single crystal and powder XRD analyses. XRD analysis is a nondestructive
method for determining the crystal structure of compounds. It provides detailed information about
the molecular structure, bond lengths, bond angles, unit cell parameters, and space groups. The
lattice parameters were estimated to be a = 5.1 IA, b =12.57A, c= 11.081& a=vy=90"and f =
99.85° with V = 701.20 (A)’. The crystal belongs to the monoclinic crystal system with space
group P21 which agrees well with the available reported literature values [18].

The powder X-ray diffraction study was performed on the grown crystal powder form.
The compound's diffraction peaks are proportional to the fraction of constituents in the compound.
The comparison of the diffraction peak intensity of the mixture to the pure material's peak
intensity does not provide the most reliable consideration. The powder XRD pattern of BLSOD is
shown in Fig. 3. The sample of BLSOD was scanned at a rate of 3° / min in the range from10° to
80°. The peaks were indexed using TJB Holland & SAT Redfern unit cell software package. The
plane (3 1 1) of BLSOD showed the highest intensity. All the peaks in the pattern were indexed as
shown in Fig. 3. In powder XRD, the slight decline in the intensity of the peak might be due to the
presence of the metal in the compound [19].
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Fig. 3. Powder XRD of BLSOD.

3.2. FTIR spectral analysis

The emission or absorption spectrum from the FTIR spectrometer was investigated using
FTIR spectroscopy over a wide range of wavenumber (4000 cm™ to 400 cm™).The primary goal of
this technique is to measure the amount of light absorbed by the sample during electromagnetic
radiation interaction with the material [20]. The unique fingerprint of a molecule distinguishes one
from another [21].

FTIR spectral analysis is a useful technique to identify the functional groups of the grown
crystals. The FTIR spectrum of BLSOD is shown in Fig. 4. In this spectrum, signals at 3261 cm™
and 3341 cm’ are due to —OH stretching vibrations of the carboxylic acid group of serine
molecules [22]. The peak at 2973 cm™ is due to the alkyl stretching vibration of the serine
molecule. The small vibration at 2765 cm™ is due to the presence of intermolecular hydrogen
bending between the two serine carboxylic acid groups. The peaks at 1382 cm™ and 1087 cm™ can
be attributed to the NH stretching and bending vibration of the NH2 group of amino acids. The
strong vibrational peak at 1590 cm™ may be due to the carboxyl group of carboxylic acids of
oxalic acid and serine molecules. The FTIR spectral studies confirmed the presence of water of
crystallization, oxalate, and serine groups in the grown crystals.
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Fig. 4. FTIR spectrum of BLSOD

3.3. H'NMR spectral analysis

Nuclear magnetic resonance (NMR) spectroscopy is a key technique in the field of
material science and engineering [23]. The NMR signal is produced by the nuclei of atoms with
spin 1/2 that are located in a magnetic field. The NMR spectrum determines the chemical groups
in the molecule and provides structural information. "Chemical shift" is the frequency interval
between resonance and the reference expressed in parts per million (ppm) [24].
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The NMR technique is used to detect the presence of particular nuclei in a compound and
also the position of carbon atoms for a given nuclear species. It is also an important tool for the
identification of molecules and the examination of their electronic structures [25]. The HINMR
spectrum of BLSOD, shown in Fig. 5, has well resolved characteristic peaks for different types of
chemical environments present in the compound. The sharp singlet at 3.62 ppm is due to the
presence of an aliphatic hydrogen group in the compound. The appearance of two triplets at 4.56
ppm and 4.61 ppm are characteristics of the methylene (-CH2) group and methine (-CH) group
present in the compound, respectively. The down field value of (-CH), i.e., at 4.52 ppm, is due to
the presence of an aliphatic ((COOH) group and quaternary ammonium attached to that carbon
atom. The broad signal/singlet at 11.03 ppm corresponds to the aliphatic carboxylic acid group
present in the compound. Interestingly, a singlet at 4.36 ppm is due to the presence of water
hydration. The structural information derived using the HNMR spectrum clearly conforms to the
microstructure of the synthesized compound (BLSOD).
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Fig. 5. H'NMR spectrum of BLSOD.

3.4. UV-Vis-NIR spectral analysis

An UV-Vis-NIR spectral study is useful to determine the transparency of a material,
which is an important requirement for the material to be optically active [26]. A sample absorbed
light of a wavelength in the UV region for the transition of an electron from a lower energy level
to a higher energy level and was not absorbed in the visible and near-infrared regions of incident
electromagnetic radiation [27]. The UV-Vis-NIR spectrum of BLSOD is shown in Fig. 6.
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Fig. 6. UV-Vis-NIR spectrum of BLSOD

The spectrum has excellent transmission throughout the visible region. The wavelength of
the lower cutoff was discovered to be 380 nm. For NLO applications, crystal transparency in the
visible region is a desirable property. The band gap energy of the BLSOD was calculated using the
relation, Eg = 1240/A, The band gap is calculated to be 3.26 eV.
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3.5. Photoluminescence study

The photoluminescence study analyses the emission of light due to photo excitations [28].
It is studied in the range from 400 to 700 nm with an excitation wavelength of 380 nm chosen
from the UV-Vis-NIR spectrum [29]. The obtained spectrum is depicted in Fig. 7. The
transmission of protons from carboxylic acid to amino group endorses the emission of green light
at 540 nm in the photoluminescence spectrum. The luminescent nature of this material confirms its
applicability in optical data storage devices [30].
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Fig. 7. Photoluminescence spectra of BLSOD.

3.6. Vicker’s micro hardness test

The micro hardness test of the BLSOD material was carried out using a
Leitzmicrohardness tester fitted with a diamond pyramidal indenter [31]. The mechanical stability
of crystalline solids is closely related to the structure and composition of the material. Vickers
hardness is the most important deciding factor in the fabrication of the device during various
processes such as cutting and polishing of the crystal [1]. The strength of the crystalline solid is
related to structure and bonding, which is essential for optoelectronic device fabrication [32]. The
hardness indicates the resistance of the material to the local deformation triggered by indentation
[33]. The applied load was changed from 10 g to 100 g for a period of about 10 s. A graph plotted
between hardness number and the load (Fig. 8) shows an increase in hardness number with load up
to 90 g and then a decrease with an increase in load. This indicates that this material is suitable for
optoelectronic device fabrication. The hardness number is calculated using the formula,

Hy = 1.8544 P/d2 (Kg /mm?) (1)

where, HV is the Vicker’s hardness number, P is the load in kg, and d is the diagonal impression
for the various loads.
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Fig. 8. Vickers micro hardness study of BLSOD.

3.7. Thermal analyses

Thermally stable NLO crystals are very much in demand for device fabrication. The TGA
and DTA analyses give evidence of phase transition, melting point, and temperature-dependent
mass change of a substance [34]. Thermogravimetric (TG) analysis measures the change in mass
of a material as a function of temperature. In differential thermal analysis (DTA), the sample
temperature is compared to the temperature of the reference material. It is always recommended to
use both TG and DTA to understand mass change in relation to temperature [35]. The TGA trace
of BLSOD, shown in Fig. 9 indicates that the material exhibits weight loss at a temperature of 183
°C due to decomposition of BLSOD compound. It was observed that the BLSOD is stable up
to183 °C. The DTA curve of BLSOD shows a very sharp exothermic peak at 182 °C which
corresponds to the melting of BLSOD.
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Fig. 9. TG-DTA trace of BLSOD.

3.8. Dielectric studies

Dielectric studies on BLSOD crystals were carried out at various frequencies. The
dielectric constant (&) and dielectric loss (tan d) are affected by the frequency of the applied field.
Fig. 10 depicts the variation of the dielectric constant with frequency. As the frequency increases,
the value of the dielectric constant decreases. The high value of dielectric constant in the low
frequency region may be due to contributions from all four polarizations. When the number of ions
in the crystals changes electronically, local electrons move in the direction of the applied field.
This is called polarization [36].

As the frequency increases, a point will be reached where the space charge cannot sustain
and comply with the external varying field, causing the dielectric constant to decrease. Fig 11
shows that the continuous and gradual decrease in dielectric constant suggests that BLSOD
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crystals, like any other normal dielectric, may have domains of varying sizes and relaxation times.
The dielectric loss is a way to figure out how much energy the dielectric takes in [37].
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Fig. 10. Dielectric constant Vs Log f for BLSOD.
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Fig. 11. Dielectric loss Vs Log f for BLSOD.

3.8. NLO Study

The efficiency of second order nonlinear optical (NLO) properties is evaluated using a
second harmonic generation (SHG) study on a sample. When good quality single crystals could
not be harvested, the Kurtz and Perry powder technique was introduced to study the NLO
efficiency of the single crystal in the form of powder [38]. The Kurtz and Perry powder method is
a gold standard for evaluating new nonlinear optical materials in development [39]. The widely
used technique for confirming the second-order NLO behaviour of a material is the Kurtz-Perry
powder technique [40] with KDP crystal as a reference. The BLSOD sample was illuminated with
a laser input pulse of 1.9 mJ/p. The SHG in the BLSOD crystal was confirmed by the emission of
radiation (532 nm), which proves that the BLSOD single crystal is an NLO material. The
efficiency of SHG in BSLOD is found to be 1.1 times that of the standard KDP.

4. Conclusions

The single crystals of Bis-L-Serinium oxalate dihydrate (BLSOD) were grown by the slow
evaporation solution growth technique. The grown crystals were characterized by single crystal
XRD analysis, and it was found that the structure of the BLSOD crystal belonged to a monoclinic
system. FTIR spectral analysis confirmed the presence of functional groups in BLSOD. The UV-
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Vis-NIR spectrum confirmed that the crystal is transparent throughout the visible spectrum. The
calculated hardness number validates this material for device fabrication. The thermal behaviour of
the grown crystal was estimated by the TG/DTA technique. It is evident that the material is
thermally stable up to 183°C. Crystals with low dielectric constants have lower losses because they
have fewer dipoles per unit volume, and thus BLSOD crystals may be more useful for high-speed
electro-optic modulations. The emission of SHG from BLSOD crystal was confirmed by the
Kurtz-Perry powder method. The above experimental results clearly show that the grown sample
Bis-L-Serinium oxalate dihydrate (BLSOD) crystal can be used as a potential material for NLO
applications.
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