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L-serinium picrate monohydrate (LSPM) is an efficient nonlinear optical material with higher SHG efficiency, molecular
flexibility, less lattice strain, thermal stability, high transparency and a reasonable optical band gap. Hence, the present work
focuses on the growth and characterization of the LSPM single crystal. Single crystals of LSPM were successfully grown by
slow evaporation technique. The grown crystal was subjected to XRD, FTIR, Optical absorption, Photoluminescence and
thermal studies to understand the structural, lattice strain, optical and thermal properties of the material, and to correlate
them with the NLO response. The grown crystal is found to possess a monoclinic system with non-centrosymmetric space
group P2,. Finally, the Kurtz-Perry powder technique was carried out to confirm the SHG efficiency of the material required

for device fabrication.
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1. Introduction

Researchers are very much interested in discovering

new nonlinear single crystals because modern
optoelectronic technologies such as lasers, optical
communication, frequency conversion and photonic

devices require materials with high efficiency, wide
transparency, good stability, multifunctionality and
environmental safety. Among various materials, amino
acid-based materials have attracted considerable interest in
nonlinear optical (NLO) applications due to their unique
structural and electronic properties. These biomolecular
materials possess strong hydrogen bonding, natural
chirality and high transparency in the optical region. All
these properties make them suitable for producing efficient
second and third-order NLO responses [1-4]. Additionally,
the zwitterionic nature of amino acids enhances molecular
alignment and stability in the crystalline state, thereby
improving phase-matching conditions for frequency-
conversion processes [5]. Their biocompatibility, ease of
crystallization and environmentally friendly properties
further render them more suitable for the development of
advanced photonic and optoelectronic devices [6].
Consequently, researchers are actively exploring amino
acid-based NLO materials to achieve high-performance
optical functionalities through sustainable and chemical
approaches. In this context, special attention has been
given to L-Serine, a naturally occurring amino acid, is
frequently combined with picric acid to form organic salt

crystals due to its zwitterionic nature and strong hydrogen
bonding. The interaction between the proton-donating
hydroxyl and amine groups of L-serine and the highly
acidic picric acid promotes the formation of stable charge-
transfer complexes, enhancing the structural integrity of
the crystals. These organic salts exhibit improved
physicochemical properties, including increased thermal
stability, optical transparency and optimised NLO
responses [7, 8]. Picric acid (2,4,6-Trinitrophenol,
CsH,y(NO,);0H) is an organic compound made up of a
benzene ring with three nitro (-NO,) groups and a
hydroxyl (-OH) group, classifying it as an aromatic
organic molecule [9, 10]. The solution growth technique is
widely used to form crystal salts for optical applications,
owing to its ability to produce high-purity, defect-free
crystals with excellent transparency. This method allows
precise control over the crystallisation process by
optimising parameters such as temperature, solvent
selection and supersaturation levels, ensuring uniform
growth with minimal internal stresses. Its cost-
effectiveness, simplicity and scalability make it a preferred
technique for developing high-quality materials for
photonic and optoelectronic applications. In exploring
nonlinear optical materials, various amino acids have been
combined with picric acid to form organic salt crystals
[11-15]. For example, L-arginine picrate has been
examined for its promising nonlinear optical properties
[16], while L-histidine picrate has been investigated for its
structural and optical characteristics [17]. These studies
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underscore the potential of amino acid-picric acid
complexes in developing advanced materials for optical
applications. Based on the literature survey, only the
structural  properties of the L-serinium picrate
monohydrate (LSPM) crystal have been reported so far.
Therefore, the present study focuses on investigating
additional characteristics of LSPM, including UV—Vis—
NIR optical absorption, lattice strain analysis,
photoluminescence behaviour, thermal stability of the
grown crystal and SHG efficiency.

2. Experimental details
2.1. Synthesis and Growth of LSPM single crystal

The slow evaporation technique is a preferred method
for producing high-quality, well-ordered single crystals
with a simple, low-cost setup. Analytical-grade L-serine
and picric acid (99.9%) were used in the experimental
setup. L-serine and picric acid with a molar ratio (1.3:1)
were dissolved in double-distilled water at ambient
temperature with continuous stirring using a magnetic
stirrer equipped with a hot plate. The resulting solution
was filtered to eliminate undissolved particles and allowed
to settle at room temperature. The clear filtrate was
transferred into a clean beaker and covered with Whatman
filter paper to regulate the evaporation rate. The solution
was kept undisturbed in a dust-free environment at room
temperature. The slow solvent evaporation led to
supersaturation, initiating growth. After 10 days, single
crystals of L-serinium picrate monohydrate (LSPM) were
obtained. The collected crystals were dried in a desiccator
to remove residual moisture. The photograph of the grown
crystals is shown in Fig. 1. The dimensions of the large
crystal are approximately 18 x 9 x 3 mm?®. The synthesis
approach ensures the purity and stability of L-serinium
picrate monohydrate crystals, making them suitable for the
characterization studies. Reaction formula:

C3H7NO3 + C6H2(N02)3OH) > C3H8NO3'C6H2N307'H20
)

Fig. 1. Photograph of as-grown LSPM crystals
(colour online)

2.2. Characterization techniques

The crystal structure was studied using a single-
crystal X-ray diffractometer with monochromatic MoKa
radiation (1 = 0.71073 A) from a D8 X-ray source. The
required data were gathered using an Apex II CCD
detector. The crystalline nature of the grown crystal was
established with a Bruker D8 Advance, Panalytical X
Pert3 powder diffractometer. The functional groups and
crystal structure were analyzed using FTIR spectra
obtained using a JASCO FT/IR-6600 type A spectrometer
(Origin: JASCO, Data Type: Infrared Spectrum). The
optical transparency was evaluated using a JASCO V-670
UV-VIS-NIR  Spectrophotometer ~ with  high-speed
scanning. The HITACHI F-7000 Fluorescence
Spectrophotometer ~was used to analyze the
photoluminescence behaviour. Thermal characteristics
were studied using a NETZSCH STA 449 F3 Jupiter in a
nitrogen atmosphere. Finally, Kurtz and Perry’s powder
technique was used to evaluate the SHG efficiency of the
grown crystal.

3. Results and discussion
3.1. Single crystal XRD study

The synthesized crystal LSPM was subjected to a
single-crystal XRD to determine its crystalline structure.
The single XRD study confirmed the monoclinic system of
the compound with a P2, space group. The unit cell
parameters were determined as follows: a = 14.205 A,
b=6871 A, ¢ =14.584 A with angles a = 90°, = 110°,
y = 90°. These lattice parameter values are in good
agreement with the recent literature [18]. The structure
was refined by least-squares, and the final R-factor
confirmed the reliability of the data. The non-
centrosymmetric space group was determined from the
XRD study to confirm second-harmonic generation in the
grown material.

3.2. Powder XRD study

The structural characterization of the synthesized
LSPM crystal was also carried out using powder X-ray
diffraction (PXRD) analysis. The diffraction pattern was
recorded over 10° to 70° in 26, with a step size of 10° and
a scanning speed of 2° per minute. The observed
diffraction peaks confirm the crystalline nature of the
sample and material purity. The PXRD pattern displays
well-defined peaks at specific 20 values, indicating the
long-range ordered arrangement within the crystal lattice.
The powder XRD pattern of LSPM is shown in Fig. 2.
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Fig. 2. Powder XRD pattern of LSPM (colour online)

The sharpness and intensity of the peaks ensure a
higher degree of crystallinity. The diffraction peaks were
indexed using standard crystallographic methods and the
resulting d-spacing values were compared with reference
data to validate the structural integrity of the material. The
absence of additional peaks in the diffraction pattern
indicates that the synthesized crystal is free from
secondary phases or amorphous impurities, confirming the
successful formation of the L-serinium picrate
monohydrate crystal in its pure form [18]. The PXRD
results provide reliable confirmation of the LSPM's
crystalline phase and purity.

3.2.1. Williamson—Hall strain analysis of LSPM

To evaluate the contribution of crystallite size and
lattice strain to the peak broadening observed in the PXRD
pattern, the Williamson-Hall (W-H) method was
employed [19]. The W-H equation is expressed as

B cosB = (KFA) + 4¢ sinB (2)

where £ is the full width at half maximum (FWHM) in
radians, 6 is the Bragg angle, K is the shape factor (0.9), 4
is the X-ray wavelength, D is the crystallite size, and ¢ is
the microstrain. A linear plot of # cos 6§ versus 4 sin 6 was
constructed as shown in Fig. 3. The W-H strain plot of
LSPM shows a slightly inclined horizontal line with
negligible slope of the order 10~. Hence the plot ensures
less lattice strain in the grown material. The magnitude of
the strain (10~ order) suggests moderate lattice distortion,
which is commonly observed in organic molecular crystals
due to intermolecular hydrogen bonding interactions. The
relatively small strain value further confirms that the
synthesized LSPM crystal possesses good crystalline
quality, consistent with the sharp and well-defined
diffraction peaks observed in the PXRD pattern.
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Fig. 3. W-H strain plot of LSPM (colour online)

3.3. FTIR study

Fourier Transform Infrared (FTIR) spectra of LSPM
provide information to understand its molecular structure
and presence of functional group. The FTIR spectra of
LSPM are shown in Fig. 4. A broad absorption band
observed at 3718, 3633, 3581 and 3454 cm’' are attributed
to O-H and N-H stretching vibrations, confirming the
presence of hydrogen bonding within the crystal lattice.
The peaks at 2991 cm™ and 2895 cm™ correspond to C-H
stretching vibrations, indicating both aliphatic and
aromatic hydrogen environments. The absorption bands at
1577 and 1410 cm™ correspond to the asymmetric and
symmetric stretching vibrations of carboxylate (COOY)
group, conforming deprotonating and salt formation. The
band at 1460 cm™ is attributed to —CH, bending vibrations,
while the peak at 1331 cm™ is assigned to C-N stretching,
supporting the presence of amino functional groups in the
crystal lattice. The absorption bands appearing at 1300 and
1331 cm™ are assigned to C-N stretching vibrations,
confirming the interaction between the amino acid and the
picrate anion. The additional peaks below 1000 cm’
correspond to out-of-plane bending vibrations of aromatic
rings and C-H deformation modes. The FTIR spectral data
confirm the formation of the L-serinium picrate structure,
highlighting robust intermolecular interactions between
the amino acid cation and the picrate anion, primarily
through hydrogen bonding and electrostatic interactions
[20-25]. Hydrogen bonding is an important factor for
nonlinear optical properties because it helps align
molecular dipoles in a crystal, leading to a non-
centrosymmetric structure required for SHG. It can also
enhance the electronic delocalization and charge transfer
within molecules, further boosting NLO properties.
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Fig. 4. FTIR spectra of LSPM (colour online)

3.4. UV-VIS-NIR spectral study

The UV-VIS-NIR spectra of L-serinium picrate
monohydrate provide valuable information about its
electronic transitions and optical properties. The
absorption characteristics in the ultraviolet and visible
regions provide critical information about the compounds
electronic structure and interactions. The UV-VIS-NIR
spectra of LSPM are shown in Fig. 5. The recorded
spectrum shows significant absorption in UV region,
followed by an extended dominant absorption edge into
the visible region. In order to address the primary band
edge transition, the absorption spectrum is plotted into
Tauc plot using relation:

(ahv)2=A(hv—Eg) 3)

where a is the absorption coefficient, Av is the photon
energy, E, is the optical band gap, 4 is a constant and n
depends on the nature of electronic transition. To identify
the transition type, the Tauc plot of (ahv)" versus hv was
constructed, corresponding to a direct allowed transition
(n = 2). The linear portion of the curve was extrapolated to
intersect the energy axis (ahv)’ = 0. From this
extrapolation, two absorption edge positions were
observed 308 nm (4.025 eV) and 484 nm (2.56 eV).
Among them, the 484 nm transitions is the primary
transition, which is corresponds to the lowest-energy
transition. Hence, it is considered as the fundamental
optical band gap of the material, observed at 2.56 eV (£,).
Besides the fundamental transition, the secondary
transition at 308 nm considered as higher energy transition
with the excited state transitions. The recorded spectrum
exhibits prominent absorption bands at 308 nm and 484
nm, which can be attributed to 1 — © and n — w
electronic transitions associated with the molecular

framework [26]. Thus, from the studies, the true optical
band gap is associated with the long-wavelength
absorption edge 484 nm [27, 28]. The obtained band gap
value indicates that the material possesses a direct band
gap in the visible region [29, 30]. The direct nature of the
band gap implies efficient electronic transitions without
phonon assistance, making the material potentially suitable
for optoelectronic and photonic applications. Furthermore,
the wide transparency window in the visible region
supports its possible use in nonlinear optical and optical
limiting devices. [31].
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Fig. 5. The UV-VIS-NIR spectra of LSPM
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3.5. Photoluminescence study

The photoluminescence study of LSPM was analyzed
to determine its optical properties for prospective
applications in optoelectronic and sensing technologies.
Fig. 6 depicts the photoluminescence spectra of LSPM
acquired at room temperature [32]. The excitation
spectrum of LSPM exhibits a single prominent band
centered at 402 nm, which is well fitted by a Gaussian
function, indicating the presence of a dominant electronic
excitation transition contributing to the observed
fluorescence. The broad and single-band excitation with a
Gaussian profile suggests that the multi-component
emission leads to multiple relaxation pathways. As
expected, the photoluminescence spectrum of LSPM
recorded at room temperature reveals a structured multi-
band emission extending from 470 to 610 nm, entirely
within the blue-orange region of the visible spectrum.
Spectral deconvolution resolved five distinct emissive
components centered at 477, 498, 520, 560, and 603 nm
and corresponding energy values are 2.6, 2.5, 2.4, 2.2 and
2.06 eV, respectively [33]. These values are slightly less
than the value (2.56 eV) evaluated from Tauc plot. The

broad blue-orange region of emission immediately
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indicates that the fluorescence does not arise from simple
localized m — m* transitions typical of isolated nitrobenzene
derivatives, which generally emit in the UV or exhibit very
weak visible fluorescence. The emission band centered at
477 nm appears in the blue region and exhibits a relatively
narrow width (25 nm), suggesting a well-defined
electronic transition with limited vibrational broadening.
This band is attributed to higher-energy m—n* emission
from the aromatic picrate system, likely corresponding to a
localized singlet excited state (S; — S,). Owing to its
higher energy and narrower profile, this transition may
represent the least perturbed chromophoric emission in the
system. The adjacent band at 497 nm shows a slight red
shift relative to the 477 nm peak, along with increased
intensity and a somewhat narrower width (20 nm). The
small spectral separation between these two peaks
supports the understanding of vibronic progression within
the same excited state. Alternatively, this shift may reflect
partial excited-state relaxation or stabilization through
hydrogen-bond interactions within the crystal lattice. The
emission is dominated by the intense band at 520 nm,
which exhibits the largest integrated area and peak height.
This feature is attributed to a stabilized charge-transfer
excited state. The picrate anion contains strong electron-
withdrawing nitro groups, while the L-serinium cation
provides protonated amine functionality capable of
electrostatic and hydrogen-bond interactions. Within the
crystalline environment, these interactions promote
intramolecular or intermolecular charge redistribution,
leading to a stabilized charge-transfer state. The broad
bandwidth of this emission further supports significant
excited-state relaxation and structural reorganization prior
to radiative decay. The lower-energy emissions at 560 and
603 nm are broader and weaker in intensity, suggesting
further  relaxation into  deeper  charge-transfer
configurations or the presence of weak excimer or defect-
related states in the solid phase. Their appearance indicates
multiple emissive minima on the excited-state potential
energy surface. Therefore, the progressive red shift from
477 to 603 nm, accompanied by spectral broadening,
reflects substantial excited-state reorganization and strong
environmental stabilization within the ionic crystal lattice.
These findings confirm that LSPM exhibits multi-state
fluorescence behavior governed by =n—n* transitions,
charge-transfer processes, and hydrogen-bond-mediated
stabilization. The photo physical characteristics of LSPM
therefore classify it as a solid-state, charge-transfer-active
fluorophore with potential relevance for optical materials
and fluorescence-based sensing applications.
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Fig. 6. Photoluminescence spectra of LSPM (colour online)

3.6. Thermal study

The thermal stability of the grown LSPM single
crystal was examined using simultaneous
thermogravimetric (TGA) and differential thermal (DTA)
studies (Fig. 7) at temperatures ranging from 30 to 500 °C
under nitrogen atmosphere.
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Fig. 7. TGA and DTA curves of LSPM (colour online)

The TGA curve demonstrates that the crystal
decomposes in two steps. The initial weight loss of
approximately 7.38% occurs between 166 °C and 210 °C,
which can be attributed to the elimination of adsorbed or
weakly bound water molecules, as well as potential lattice-
entrapped solvents. The second substantial weight loss of
about 50.2% occurs in the 220-280 °C regions, showing
thermal degradation of the organic structure of the grown
crystal LSPM. The DTA curve shows an endothermic
peak at approximately 166 °C, which corresponds to the
early dehydration phase. A fast endothermic event centred
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at 225 °C, followed by a broad exothermic transition near
279 °C, is connected with picrate moiety breakage and
subsequent material decomposition. Beyond 300 °C, the
TGA curve shows a continuous mass loss, indicating
further breakdown of the organic components, leading to a
stable residual mass. The results show that the L-serinium
picrate monohydrate crystal is thermally stable up to about
166 °C, after which it exhibits considerable structural
disintegration. This stability range is sufficient for most
nonlinear optical devices requiring moderate thermal
endurance.

3.7. NLO study

The NLO efficiency of the grown crystal was
measured using the popular Kurtz-Perry powder method
[34]. In this method, the single crystal was crushed into
fine powder to reduce orientation effects, ensuring that
contributions from all crystallographic directions are
efficiently collected during the second-harmonic
generation (SHG). The powdered specimen was carefully
packed into a capillary tube and exposed to the
fundamental laser beam of a Q-switched Nd: YAG laser
operating at 1064 nm. After irradiation, the material has
shown nonlinear frequency doubling, emitting visible
green light at 532 nm, corresponding to the second
harmonic of the incident wavelength. The generated SHG
signal was monitored with a photomultiplier tube, and an
optical filter was used to remove any residual fundamental
radiation, confirming the purity of the second-harmonic
emission. For quantitative evaluation, the SHG of the
sample was compared with that of a standard potassium
dihydrogen phosphate (KDP) reference under identical
experimental conditions. The measured efficiency of the
grown crystal was approximately 1.5 times that of KDP.
This NLO response demonstrates that the examined grown
crystal has considerable nonlinear susceptibility and non-
centrosymmetric ordering. Furthermore, compared with
other published organic NLO crystals, the current material
exhibits higher SHG efficiency, indicating that it combines
the benefits of organic molecular flexibility with enhanced
nonlinear response. These qualities make the compound a
preferable choice for photonic and optoelectronic
applications such as frequency conversion, optical
switching and laser technology.

4. Conclusion

The structural, optical, thermal and nonlinear optical
properties of L-serinium picrate monohydrate single
crystals were thoroughly investigated. Single- crystal and
powder XRD studies confirmed the non-centrosymmetric
monoclinic structure and the W-H strain analysis ensure
less lattice strain in the grown crystal. The FTIR study
demonstrated the presence of functional groups which also
ensured molecular dipole alignment and the formation of a
charge-transfer complex through distinctive vibrational
modes associated with hydrogen bonding. Optical and

fluorescent investigations demonstrated high transparency,
a reasonable band gap and stable emission properties.
Thermal investigations have demonstrated compound’s
stability up to 166 °C enabling optoelectronic devices to
be operated without damage. Kurtz-Perry powder
technique measured the SHG efficiency as 1.5 times that
of KDP, confirming the high nonlinear optical property of
the material. Overall, these findings support LSPM as a
better choice for photonic and optoelectronic applications
due to its greater stability.
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