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ABSTRACT

In this investigation, the grown crystal comprehensively was systematically characterized by Powder X-
ray diffraction, FTIR, UV - DRS, Photoluminescence (PL) studies and TG-DTA techniques. Powder
XRD studies confirmed that the prepared sample crystallizes to the monoclinic system with a primitive
lattice, confirming its well-ordered and stable crystalline nature. FTIR analysis revealed the existence of
characteristics functional moeities, confirming the molecular integrity of the prepared material. UV-
DRS spectral studies showed a lower cutoff wavelength at 320 nm , Tauc plot calculations indicate a
direct bandgap of 5.72 eV, confirming its wide bandgap and additional optical parameters, including the
Transmittance (%), extinction coefficient, optical conductivity, refractive index and reflectance (%),
were systematically evaluated, demonstrating its potential for advanced optical applications. PL studies
displayed a strong emission peak at 468 nm (2.65 ev), highlighting its potential for optoelectronic and
photonics device applications. TG-DTA analysis, interpreted using both Kissinger and Broido methods,
revealed the excellent heat stability of the material, suggesting its capability to withstand high-
temperature processing. SEM analysis was performed to examine the surface features of the prepared
material. The micrographs reveal well-defined crystalline facets, uniform grain distribution, and
continuous microstructural patterns, indicating controlled nucleation and stable crystal growth. EDX
studies demonstrated the existence of C, N, and O, verifying the elemental composition and
compositional uniformity of the grown crystal. The third-order nonlinear optical (NLO) characteristics of
the material were evaluated by the Z-scan studies. The results confirm its nonlinear optical absorption
(B), nonlinear optical refractive index (n2) and the magnitude of the third-order susceptibility.

Overall, the combined results from structural, functional, optical, morphological, and thermal analyses
demonstrate that the grown material; exhibits remarkable properties, rendering it a potential material for
applications in nonlinear optics, photonics, and opto electronic devices.
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Introduction

Glycine oxalate dihydrate, an

organic molecular crystal formed by the
combination of glycine, the simplest amino

acid, with oxalic acid, has garnered

considerable interest recently owing to its
unique structural, optical, and thermal
characteristics [1, 2]. The crystal structure is
stabilized through an extensive hydrogen-
bonded which

network, contributes

significantly to its growth morphology,
crystallinity, and overall structural integrity.
Its high optical transparency, thermal stability,
and photoluminescence behaviour rendeingr it

well-suited canditate for applications such as

nonlinear optics, photonic devices,
optoelectronic ~ components, and  other
advanced technological areas [3]. Detailed

characterization of Glycine oxalate dihydrate
is essential for understanding its functional
behaviour. Powder X-ray diffraction studies
provides precise information on crystallinity,
lattice parameters, and crystal structure, while
FTIR spectroscopy is employed to evaluate
optical absorption and transmittance, which
are critical for device

potential optical

applications. Thermogravimetric and

21(1) 1337-1368, 2026
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differential thermal analysis (TG-DTA) offer

important information on heat stability,
decomposition behavior, and phase transitions,
which are crucial for assessing practical
usability [4]. The optical, morphological, and
compositional characterized of the prepared
sample were characterized using UV-DRS,
SEM studies and EDAX techniques. The third-
order nonlinear optical (NLO) characteristics
were evaluated by the Z-scan studies to assess
its suitability for NLO applications. Controlled
crystal growth methods, including slow
evaporation and solution growth, allow for the
optimizing of crystal size, shape and purity,
thereby improving the material’s performance
and expanding its promising applications in

advanced photonic and optoelectronic devices

[5].

Synthesis of Glycine oxalate dihydrate

crystals

Glycine oxalate dihydrate crystals were
synthesized by employing a slow-evaporation
growth method. Glycine A.R and oxalic acid
dihydrate, with a (1:1) eqimolar proportion,

were accurately weighed and dissolved in
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deionized water to prepare a clear,
homogeneous solution at room temperature.
The mixture was continuously stirred for 5
hours to acheive complete dissolution and
uniform mixing of the reactants. The resulting

solution was filtered using whatmann filter

paper to remove any insoluble particulates.
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The filterate was then transferred to a clean,
dust-free environment and make them to
undergo slowly at ambient temperature. After
approximately 20 days, transparent, well-
formed Glycine oxalate dihydrate crystals

were obtained.

C,HsNO; + C;H,04. 2H,0 - C4sH11NOg

Fig. 1 (a) Photographic image of Glycine oxalate dihydrate single crystals
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Fig. 1 (b). Molecular structure of Glycine oxalate dihydrate (1:1 molar ratio) single crystal

Results and discussion

1). XRD

The PXRD profile of the prepared
glycine oxalate dihydrate crystals displayed

intense and well-defined and distinct

diffraction peaks, suggesting a high degree of
crystalline [6]. The positions and relative
intensities matched closely with the reported

standard reference data, confirming the

formation of a single-phase crystalline

1340

structure. The diffraction pattern also suggests
that the crystal lattice is well-ordered, and no
secondary phases or impurities were detected,
the and structural

demonstrating purity

integrity of the prepared crystals [7].

The synthesized crystals crystallize in the
monoclinic structure with the space group

P21/c. The refined lattice parameters are a =
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15418 A° b =6.970 A°, ¢ = 10.064 A° a =
90°,B = 112.216°, y = 90°, and the unit cell
volume is V = 1081.59 A% with Z = 4. These
lattice constants are in close consistency with
the values previously documented in the

literature [8].

The P-XRD pattern of the prepared glycine
oxalate dihydrate crystals exhibited sharp and
distinct diffraction peaks with relative
intensities of 18.239, 22.478, 24.09, 30.077,
36.999, 14.904, 21.600, 28.522, and 38.328,
corresponding to the hkl planes (100), (103),
(120), (040), (113), (101), (110), (031), and
(200) respectively. The distinct and well-
defined diffraction peaks clearly demonstrates

the high crystalline quality and confirm the

formation of a pure single-phase crystal
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system. The diffraction pattern reveals a well-
ordered lattice arrangement in the absence of
detectable

impurity or secondary phase

reflections, indicating excellent structural

quality and phase purity.

The obtained diffraction peaks exhibits close
aggrement with the standard JCPDS card of
glycine A.R (JCPDS No. 07-0718) and oxalic
acid dihydrate (JCPDS No. 04-0621),
confirming the formation of a single —phase,
highly crystalline glycine oxalate dihydrate.
The sharpness and intensity of the peaks
indicate a well-ordered crystal lattice, and no
additional peaks were obtianed, suggesting the

absence of impurities or secondary phases [9,

10].
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Fig 2. Shows the XRD profile of the grown crystal

2). FTIR

The spectral peak observed at 480.16
cm! is attributed to C-C bending, whereas the
feature around 671.47 cm™! originates from C-
O bending. The absorption at 708.96 cm™ is
attributed to out of plane C-H bending, and the
spectral peak around 890.56 ¢cm™! corresponds
to C-C stretching. The feature around 1009.56
cm! is due to C-O stretching, where as the
spectral peak around 1091.65 cm™! arises from

C-N stretching. The spectral peak around

1342

1219.90 cm™ corresponds to C-H bending and
the absorption peak around 1320.45 cm™ is due
to COO- symmetric stretching [11, 12]. The
spectral peak around 1429.20 cm™! arises from
COO- symmetric stretching, while the band
around 1603.37 cm’ is attributed to N-H
bending. The spectral peak around 1686.16cm
' and 1712.38 cm™ correspond to C=0

stretching of oxalate and glycine, respectively.

The spectral peak around 1895.99 cm! is
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attributed to C=0 overtone, while the peak
around 2452.12 cm’! originates from O-H
stretching of water. An absorption around

2852.28 cm! is due to C-H stretching, and the
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spectral band around 3218.53 cm™! is assigned

to N-H  stretching, confirming the

incorporation of Glycine and oxalate dihydrate

moieties in crystalline structure [13].

100
~ 9+
Q) 3 ST
3 = 8 3§ i
2 o0- 8 8 3 2
N N
b=
£ 8
A 854 9|z 3
c =1 <
© S5 ©
= © o b
- «© ] Swo
Nolg 25
80 - T3, 3 S
8o ©
o
g
- 2
75 8 2
121990 g ¥
~
n n n n
4000 3000 2000 1000 0

Wavenumber (cm™)

Fig. 3 FTIR graph of the synthesized Glycine oxalate dihydrate single crystal

3). UV-DRS analysis

The optical properties of the prepared
material were analyzed by Ultraviolet-Diffuse
reflectance spectrum (UV-DRS) to evaluate its
transparency and electronic structure [14, 15].
The absorbance spectrum exhibits a well-
defined lower cut-off at 320 nm, indicating
that excellent

the material demonstrates

transparency across the entire visible spectral
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region. The pronounced absorption cutoff in
the UV region arises from intrinsic electronic
transitions within the molecular framework of
the crystal. These transitions primarily arise
from (n - o*) and (n - 7*) excitations
associated with hetroatoms and functional
moieties present in the material

[16]. In

particular, the presence of alcohol (-OH)
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groups contributes significantly to the
observed electronic transitions arising from
lone pair electrons on the oxygen atom, which
participate in such excitations under UV

irradiation [17].

The transmittance spectrum exhibits a well-
defined lower cutoff wavelength at 212 nm,
indicating the onset of fundamental absorption
in the ultraviolet region and confirming the
broad optical transparency range of the

material [18].

The optical bandgap energy was determind
from the tauc plot from the diffuse reflectance
data [19]. Extrapolation of the linear portion of

(ohv)? versus photon energy (hv) plot reveals a

0.6 4
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Fig.4 (a) UV DRS - Absorbance
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direct bandgap energy of 5.73 eV. The

relatively highband gap value confirm the
wide bandgap and insulating nature of the

crystal. Such a large bandgap energy,

combined with excellent visible region

transparency, suggests that the crystal is a
candidate  for

promising optoelectronic

applications [20, 21].

Overall, the UV-DRS analysis demonstrates
that the synthesized crystal possesses a sharp

absorption edge, well-defined electronic

transitions influenced by alcohol functional
groups, and a wide direct bandgap,
highlighting its potential for advanced optical

device applications [22].

120 4
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Fig. 4 (b) UV DRS - Transmittance (%)
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Fig. 4 (g) UV DRS - optical conductivity

4). TG DTA studies

The thermal characterization of the prepared
sample were examined by thermogravimetric
and differential thermal analysis (TG-DTA)
[23]. The systematic investigation was
performed for a sample weighing 5.074 mg
under a nitrogen atmosphere, with the heat
flow recorded in the endothermic down (mw)
mode [24]. The DTA curve displays three
prominent endothermic peaks at 200.41°C,
The second endothermic transition at 278.07°C
and the third endothermic peak around
407.24°C. The first endothermic transition is

due to the loss of surface and lattice bound

water molecules, while the second peak

1346

corresponds to the decomposition of organic
functional moities in the compound [25]. The
third transition may be related to structural
rearrangement or further decomposition of the
crystalline matrix, confirming the multistep
thermal process of the material. The gradual
nature of the decomposition process and
absence of sharp exothermic peaks reveal that
the compound exhibits good thermal stability

[26].

The TG curve shows four distinct stages of
mass loss occurring the first decomposition
near 181.62 °C, the second decomposition

around 250.37°C, third decomposition near
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534.67 °C and the fourth decomposition

around 689.89 °C. The initial mass loss
indicates dehydration, while subsequent losses

correspond to the breakdown of the organic

21(1) 1337-1368, 2026
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carbonaceous residues [27]. These observation
verify the existence of a well-defined crystal
structure, and demonstrate that the material

possesses good thermal stability [28].
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Fig. 5 (a) TG-DTA graph of the grown single crystals
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Fig. 5 (b) Broidos plot for the grown single crystal
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Table. 1

Thermal parameters were calculated by the Broido method
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Thermal parameters Values
Temperature 411.52 K
Slope 1232.09147
E. (J) 10245.2
Entropy [AS] (J/mol.k) -276.1
Enthalpy [AH] (J/mol) 6822.6
Gibbs Free energy [AG] (J/mol) 120388.2

-55+
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-6.5 4

-7.0

75+
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-8.0 4

-8.5

9.0+

-9.5

1T

Fig. 5 (c) kissinger plot for the grown single crystal

Table. 2

Thermal parameters were evaluated through the kissinger method
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Thermal parameters Values

Temperature 487.50 K
Slope 1082.28104
E.(J) 8993.5
Entropy [AS] (J/mol .k) -285.0
Enthalpy [AH] (J/mol) 4938.7
Gibbs Free energy [AG] (J/mol) 143876.2

A comparative analysis of the thermal

parameters obtained from broidos and

Kissinger methods providing significant

insights into the decomposition behavior of the

material [29]. Both methods confirm the

excellent heat stability of the crystal,

indicating its ability to withstand elevated

temperatures without undergoing abrupt

degradation [30]. The broido method,

implying a more gradual and controlled
breakdown process. In both approaches, the
negative entropy values indicates a reduction
in  disorder the

during decomposition,

consistent with a stepwise and ordered thermal

1349

degradation mechanism [31]. Differences in
the gibbs free energy values reflect the
sensitivity of the thermodynamic predictions
to the analytical approach employed. Overall,
the combined analysis demonstrates that the
crystal exhibits a multi-step decomposition
while maintaining good thermal

process

stability [32].

5). Photoluminescence

The Photoluminescences (PL) studies of the

synthesized material was conducted to

examine its  optical and  electronic

characteristics, which are strongly correlated
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with the structural features of the crystalline
crystal [33]. The PL graph displayed a strong
emission peak at 468 nm, located in the blue
spectral region, which arises from the
radioactive recombination of charge carriers
within the well ordered crystalline lattice. This
prominent blue emission indicates that the
crystal possesses a high level of structural
perfection and distinct electronic states [34]. A
secondary emission band at 541 nm, located in
the green region, suggests the presence of
shallow defect level, which contribute to
additional electronic transitions. Such defect-
mediated emissions are typical insolution
grown crystals and can influence the
luminescence efficiency and tenability of the
material. Furthermore, a third emission band at
823 nm was detected in the near-infrared
(NIR) region, indicating the ability of the
crystal to emit across a broad spectral range.
This NIR emission is generally attributed to
deep level transitions or impurity centers,
intrinsic and  extrinsic

reflecting  the

characteristics of the material [35].

21(1) 1337-1368, 2026
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The observed multi-wavelength luminescence,
spanning blue region, green and NIR regions,
demonstrate the versatility and broadband
optical activity of the crystal [36]. These
make the

photoluminescent properties

material a  promising candidate  for

optoelectronic applications, including Light
emitting diodes (LEDs), Lasers and photonic
devices, where controlled emission at specific
wavelengths is critical [37]. Additionally, the
NIR emission enhances its potential for bio-
imaging, optical Sensors, and
telecommunication applications. Where near
infrared luminescence is highly valued [38].
Therefore, the PL study not only confirms the
excellent optical properties and structural
integrity of the solution prepared material but
also highlights its suitability for advanced
technological applications in photonics and

optoelectronics, establishing its significance in

crystal growth research [39].

The photoluminescence peak at 468 nm is 2.65
eV indicates efficient electronic transitions in

the grown crystal [40].
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Fig. 6 PL graph of the Glycine oxalate dihydrate crystal

6). Z-Scan analysis

The third-order nonlinear optical
(NLO) characteristics of the synthesized
material were systematically evaluated by
the standard single-beam Z-scan studies
[41]. The investigation was performed
with a continuous-wave He-Ne laser
operating at 632.8 nm and an output power
of 12.0 Mw. The incident laser beam, with
a beam diameter of 5mm, was focused
through a convex lens with a focal length
200mm to obtain a narrow beam waist at
the focal [42]. The

region crystal

1351

specimen, having a thickness of Imm, was
translated along the propagation (z-axis)
over a total scanning length of 40.0 mm
with an incremental step size of 0.5 mm

under high-bandwidth conditions [43].

An aperture of radium 2mm was
positioned in the far field to carry out
closed-aperture measurements, where the
beam radius at the aperture was
determined to be 4.5 mm. The linear
refractive index (no) of the material has

determined as 1.5, and linear transmittance
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of the specimen was experimentally

measured to be 70 %.

The Rayleigh length (Zo) of the
laser beam has observed as 0.40 mm,
ensuring that the sample thickness
remained well within the Rayleigh range
and validating the applicability of the Z-

scan studies.

The third-order nonlinear optical
parameters of the grown material were
evaluated through employing the standard
Z-scan analysis [44]. The nonlinear
refractive index (n2) was determined as
1.33 x 107! m*W, indicating a measurable
third-order nonlinear refractive behavior of
the sample. The nonlinear absorption
coefficient () were calculated as 3.54 x
10° m/W, confirming the presence of
nonlinear  absorption  under  laser
irradiation. The real of the third-order
nonlinear

optical susceptibility were

evaluated as 5.06 x 10"° esu, and the

21(1) 1337-1368, 2026
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imaginary part is evaluated to be 4.53 x 10
? esu, respectively. The overall third-order
susceptibility (x(3)) was calculated to be
453 x 107 the

esu, demonstrating

potential of the grown material for
advanced nonlinear optical and photonic

applications [45].

The open-aperture Z-scan curve display a
valley followed by a peak transmittance
behaviour, indicating the coexistence of
reverse saturable absorption (RSA) at
lower intensities followed by saturable
absorption (SA) at higher laser excitation,
confirming the influence of high-intensity
laser irradiation on the nonlinear optical

behavior of the sample [46].

The closed aperture Z-scan graph reveals a

clear valley-to-peak  profile, which

corresponds to a positive nonlinear
refractive index (n2) and confirms self-
focusing behaviour of the crystal under

laser illumination [47].
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7). Scanning electron microscope
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SEM was employed to analyze

the

surface features and microstructural

characteristics of the grown material [48]. The

SEM images reveal a well-defined and
uniform surface morphology with closely
packed grains, indicating improved crystalline
order and controlled growth conditions. No
prominent cracks, voids, or secondary phase
formations were observed, confirming the

structural stability of the crystal [49]. The

smooth and homogeneous surface further

suggests effective incorporation of the
constituent molecules within the crystal lattice.
Overall, the SEM analysis demonstrates that
the optimized growth parameters contributed
to the formation of a detect-minimized crystal

with good structural integrity [50].

The scanning electron microscopy (SEM)
micrographs is presented in Fig. 7 (a) to Fig. 7
(e) provide a comprehensive view of the
surface morphology and growth properties of
material  at  different

the  prepared
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magnifications and regions [S51, 52]. The

images reveal well-developed crystalline

features with irregularly shaped grains and
clearly  distinguishable  growth  facets,
indicating anisotropic growth behaviour. A
layered and interconnected microstructure is
observed across the surface, suggesting a step-
wise growth mechanism governed by
controlled nucleation and gradual crystal
propagation. Fine granular textures with
localized agglomeration are visible in certain
regions, which may be attributed to variations
in  supersaturation and  solvent-solute
interactions during the crystallization process
[S3]. The continuity of the surface
morphology across all micrographs confirms
uniform growth throughout the crystal, while
the absence of major cracks or large voids
indicates good structural stability. Overall, the
SEM analysis demonstrates  consistent
microstructural evolution and confirms the
formation of a well-grown crystal under

optimized growth conditions [54, 55].
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8). Energy dispersive X-ray analysis

Energy dispersive X-ray spectroscopy (EDX)
investigation was conducted to analyze the

elemental constituent of the synthesized

material [56, 57]. The EDX spectrum

establish the confirmation of carbon, nitrogen,

and Oxygen, as the major constituent

elements, detected through their characteristic
K-series emission lines [S8, 59]. The observed
indicate  successful

elemental  signals

incorporation of the organic molecular

components within the crystal structure [60,

21(1) 1337-1368, 2026
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61]. The quantitative analysis reveals apparent
concentrations of 71.74% for carbon, 28.78 %
for nitrogen, and 25.29% for oxygen, with
corresponding K-ratios of 0.71740, 0.05123,
and 0.08512,

respectively [62, 63]. The

weight percentages further support the

compositional uniformity of the sample,
confirming the elemental purity and absence of

extraneous impurity peaks within the detection

limit of the instrument [64, 65].

Electron Image 1 (SE)

Fig. 9 (a) Electron image of EDAX spectrum
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Fig. 9 (b) EDAX profile of the synthesized material

Table. 3

Elemental composition of the synthesized single crystal obtained from EDX analysis

Elements | Signal | Line Apparent K Ratio | Wt% Standard | Factory
type concentration Name standard

C EDS K 71.74 0.71740 | 0.32 C Vit yes
series

N EDS K 28.78 0.05123 | 0.42 BN yes
series

0] EDS K 25.29 0.08512 | 0.19 Si02 yes
series

Total 100.00

Conclusion

The prepared material was systematically photoluminescence ,TG-DTA
successfully investigated by the Powder XRD, techniques. XRD analysis confirmed

FTIR, UV-DRS, EDAX, SEM,

1357

and Z-scan

a

monoclinic crystal system with a primitive
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lattice, indicating a well-ordered structure.

FTIR spectra revealed various functional
moieties, supporting the molecular framework
of the synthesized material. The UV-DRS
analysis reveals a sharp absorption lower
cutoff at 320nm with high optical
transmittance across the visible spectrum. The
obtained bandgap energy of 5.73 eV confirms
the wide bandgap and insulating behavior of
the material. The plotted graph of refractive
index, reflectance, extinction coefficient, along
with optical conductivity further indicate low
optical loss and good dielectric behaviour,
the crystal is

suggesting applicable for

optoelectronic applications.
Photoluminescence (PL) studies exhibited a
maximum emission peak at 468 nm (2.65 eV),
highlighting its suitability for optoelectronic
and photonic device applications. TG-DTA
studies supported by both Kissinger and
broidos methods, confirmed the excellent heat
stability of the crystal. The Z-scan results
reveal a nonlinear

optical  absorption

coefficient (B) of 3.54 x 10® m/W and a
nonlinear optical refractive index (n;) of 1.33
x 1071 m*/W, yielding a third-order nonlinear

optical susceptibility ¥ of 4.53 x 10 esu,

which confirms the material’s appreciable

21(1) 1337-1368, 2026
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third order nonlinear optical behavior. Overall,
the comprehensive characterization reveals
that the material exhibits superior structural,
optical and thermal properties, making it
applicable for photonics and opto electronic
device applications. The SEM analysis
confirms uniform surface morphology and
consistent microstructural evolution across the
crystal, indicating controlled nucleation and
stable growth throughout the crystallization
process. The EDX study confirms that carbon
(C), nitrogen (N), and oxygen (O) are the
major atomic constituent of the grown crystal,
uniform  elemental

demonstrating  its

composition and structural integrity.
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