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ABSTRACT  

High-quality Single crystals of an organic nonlinear optical (NLO) material were 

obtained at room conditions via the slow solvent evaporation technique. The crystalline 

structure and phase purity were established through PXRD studies. Fourier transform 

infrared (FTIR) spectroscopy was utilized to investigate the presence of characteristic 

functional groups and molecular interactions. In addition to optical transparency (%) 

and direct bandgap evaluation via UV-Vis spectroscopy, the refractive index, 

reflectance, optical conductivity, and extinction coefficient were analyzed to provide a 

comprehensive insight into the material’s optical characteristics. Morphological surface 

features were examined through scanning electron microscopy (SEM). The EDX spectra 

revealed the presence of constituent elements with a uniform distribution and no 

detectable impurities, indicating the chemical purity and compositional homogeneity of 

the material. Third harmonic generation in L-Threonine crystalline samples was studied 

using the Z-scan technique. The photoluminescence emission peak at 466 nm was 

observed, corresponding to a electronic transition of 2.66 eV. CHN analysis verified the 

elemental constituents of the material, revealing the expected percentages of carbon, 

hydrogen, and nitrogen, thereby indicating its chemical purity and stoichiometric 

consistency. Thermal properties associated with the sample was evaluated through 

differential thermal analysis (DTA) and derivative thermogravimetry (DTG), where the 

theromogravimetric (TG) was determined, and the kinetic parameters of decomposition 

were evaluated employing both the kissinger and broidos method. Antibacterial studies 

against S. aureus and E. Coli revealed no inhibitory activity, indicating that the material 

is inactive as a bioactive agent. 1H and 13C FT NMR analyses of the material 

confirmed the characteristic chemical shifts of α and β-Protons, methyl protons, 

carboxyl carbon, and hydroxyl-bearing carbon, consistent with its amino acid structure. 

The comprehensive results possesses favorable optical, thermal and mechanical 

properties, rendering it a suitable material for photonic, optoelectronic and Nonlinear-

optical applications. 
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Introduction  

                   L-Threonine, is among the 20 amino acids involved in human metabolism and is 

classified as an indispensible amino acid, necessary for proteins biosynthesis, playing a vital 

role in various metabolic functions. It is widely used in Medical Laboratories and various 

industries. L-Threonine is the simpliest and essential amino acids is particularly well-suited 

for crystal growth research because of its optical transparency, Good solubility in water, 

hydrogen-bonding ability, and zwitterionic nature [1, 2]. These attributes establish it as an 

efficient organic crystals for nonlinear optical (NLO) applications [3]. L-Threonine has both 

amino (–NH2) and carboxyl (–COOH) functional groups, in combination with the hydroxyl (-

OH) moiety in its side chain. These groups enable strong intermolecular hydrogen bonding, 

which helps stabilize the crystal lattice. Its natural chirality and zwitterionic nature enhance 

optical transparency and mechanical stability, which are fundamental prerequisites for third 

harmonic generation (THG) and other third-order Nonlinear optical processes [4]. L-

Threonine crystallizes in a non-centrosymmetric orthorhombic system, an essential 

requirement for second-order nonlinear optical processes and related optical phenomena [5]. 

Applications 

In recent years, L-Threonine single crystals have garnered considerable attention owing to 

their promising Nonlinear optical (NLO) applications in photonics and optoelectronic 

devices. The single crystals have attracted attention for photonics, optoelectronics, and 

nonlinear optical applications, attributed to their superior optical transparancy and 

mechanical characteristics. These crystal possess a wide band gap, good optical transparency, 

and favorable photoluminescence properties, making them suitable for optical switches, 

sensors, and frequency conversion devices. In addition, their mechanical stability and 
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chemical purity enhance their potential for practical applications. This work aims focuses on 

investigate the growth and comprehensive detailed properties of L-Threonine sample to 

evaluate the structural, optical, mechanical and functional properties using Powder-XRD, 

Fourier transform infrared spectroscopy, Ultraviolent-visible analysis, scanning electron 

microscopy, Energy dispersive X-ray, Elemental analysis, TG/DTA, antibacterial studies, Z-

scan, photoluminescence, 1H FT NMR and 13C FT NMR and microhardness measurements 

[6-7].   

Material synthesis 

               Analytical-grade L-Threonine was utilized as the starting material for crystal growth 

experiment. An accurately weighed quantity of 5 grams of L-Threonine was solubilized using 

deionized water under ambient conditions. The precursor solution was maintained under 

continuous stirring for 5 hrs with a magnetic stirrer in order to acheive complete dissolution 

and to acheive homogeneity. After stirring, the solution was subjected to filtration through 

whatmann filter paper to remove insoluable contaminants. The obtained filterate was 

transferred into the clean crystallization vessel and left undisturbed under ambient condition. 

Over a span of 15 days, controlled solvent evaporation resulted in nucleation, leading to 

formation of well-defined L-Threonine crystals. This method allows transparent, well-faceted 

single crystals to form. 

                                 The molecular formula of L-Threonine is C4H9NO3                                                                                           
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                           Fig : 1 Photographic image of L-Threonine single crystals 

Results and Discussion 

1). Powder X-ray diffraction analysis 

                    The P-XRD characterization confirmed that the synthesized L-Threonine 

material adopted an orthorhombic structure belonging to the P212121, space group, as 

evidenced by the sharp and well-resolved diffraction peaks. The lattice parameters a = 7.738 

A°, b = 13.62 A°, c = 5.137 A°, axial angles 𝛼 = 𝛽 = 𝛾 = 90° and unit cell volume V = 

541.60, were determined from the P-XRD technique, confirming the structural system of L-

Threonine. Thus, the observed peaks are indexed with corresponding (13.010), (17.471), 

(18.495), (20.726), (21.727), (23.138), (26.188), (28.624), (29.625), (31.855), (35.110), 

(37.341), (39.366), (42.189), (45.238) values, and the most intense diffraction peak appeared 

along the (110), (120), (011), (101), (111), (200), (031), (131), (211), (221), (240), (022), 

(311), (132), (161) plane, which signifies the preferred orientation and high degree of 

crystallinity of the sample [8]. Figure (2) depicts the XRD graph of the sample, with peaks 

corresponding to its crystalline planes. 
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                                    Fig. 2: X-ray diffraction profile of the grown crystal 

The Hall-Williamson technique were employed for P-XRD patterns for the assessment of 

microstructural characteristics of the material. This method enabled the simultaneous 

evaluation of crystallite size and lattice strain by considering both the peak and broadening 

due to finite crystallite dimensions and strain-induced broadening. The Williamson-Hall 

analysis provided quantitative insight into the crystal lattice imperfections, including 

dislocation density and microstrain, thereby offering a detailed insight into material’s 

structural integrity and defect distribution.  

Thus, the Crystalline size (nm), dislocation density (𝛿), and microstrain (ղ) of the sample was 

evaluated using a powder XRD Williamson-Hall method. The analysis yielded a crystallite 

size of 31.95 nm, a dislocation density of 9.80 x 10-4 nm-2, and a microstrain of 3.55 x 10-4, 

with the willaimson-Hall showing a slope of -0.00142 and an intercept of 0.00434, indicating 

uniform strain distribution within the crystal lattice [9]. 
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                                                         Fig. 3 Hall willaimson plot of L-Threonine  

Table.1 

                     -------------------------------------------------------------------------- 

   Structural parameters                              values 

                     --------------------------------------------------------------------------- 

   Maximum peak (2 )                                    13.010 

   FWHM (β)                                         0.004340 radians                                                              

   Crystallite size                                          31.95 nm            

   Dislocation density (𝛿)                          9.80 x10-4 nm-2 

   Microstrain (ղ)                                        3.55 x 10-4        

   Slope                                                       -0.00142 

   Intercept                                                   0.00434 
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   Degree of crystallinity                               82.8 % 

                     ---------------------------------------------------------------------------- 

2). FTIR analysis 

                   FTIR studies were carried out the spectral region of 400-4000 cm-1 to identify the 

moieties/Alcohol groups confirmed within the sample [10]. The first prominent peak is 

located at 413.47 cm-1. A prominent absorption band appeared at 442.20 cm-1. A distinct 

absorption band appears at 489.39 cm-1.A characteristic band recorded at 767.44 cm-1. A 

characteristic band appears at 873.11 cm-1. The FTIR band is found at 930.57 cm-1. A strong  

band is appeared around 1035.22 cm-1. A characteristic FTIR band appears at 1102.94 cm-1. 

A prominent vibrational band is evident at 1189.12 cm-1. The FTIR band is observed at 

1246.58 cm-1. The spectrum displays an absorption band at 1341.99 cm-1. The absorption 

feature appeared 1418.94 cm-1. A prominent absorption band is evident at 1447.67 cm-1 .The 

spectrum shows a characteristic vibrational mode at 1620.04 cm-1. A band obtained around 

2874.82 cm-1. A distinct vibrational band is detected at 2970.24 cm-1. A characteristic 

absorption feature appears around 3171.34 cm-1. Fig (3) displays the FTIR graph of the 

sample, indicating its characteristic absorption bands [11, 12]. 
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                            Fig. (3): FTIR spectrum depicts functional groups peaks 

3). Uv-visible Liquid analysis 

            UV-vis analysis for the L-Threonine solution dissolved in distilled solvent were 

performed from 200-800 nm to study its optical properties and electronic transitions [13, 14]. 

The spectrum low absorbance across the full visible region and exhibited a absorption edge 

appearing at 247 nm attributed with an electronic excitation, likely of the (n-π*) type, 

indicating a wide band gap. The wide optical transparency window along with the observed 

cutoff at 230 nm associated with an electronic excitation in the (n-π*) type, demonstrates the 

material’s potential for optoelectronic and nonlinear optical devices. The UV-Vis spectrum 

revealed a maximum transmittance of 90 %, indicating excellent light transmission in the 

visible spectrum. 
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Ultraviolent visible spectral analysis revealed that the sample shows excellent optical 

transmission across the visible range, with a well-defined cutoff, confirming its potential for 

photonic applications. 

The UV-vis graph displayed minimal absorption within the visible range and a distinct 

absorption onset, which reflects the excellent optical properties and suitable of the material 

for nonlinear optical studies. 

The Transmission profile obtained from UV-vis spectroscopy demonstrated a broad 

transparency window, and the identified cut-off wavelength lies in the near UV region, a 

characteristic feature desirable for frequency conversion devices 

UV-vis spectral analysis revealed a energy band gap and reduced absorption losses of the 

sample, thereby ensuring its applicability in optoelectronic applications [15].  
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                                                     Fig.3 (a) UV-vis absorbance 
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                                                       Fig.3 (b) UV-vis transmittance 
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                                                 Fig.3 (c) UV-vis direct band gap 

The Tauc plot of direct bandgap of the sample was determined by employing the Tauc 

method, using, (αhv)2 is plotted against the photon energy (hv) in the UV-vis range, and the 

linear region from the resulting plot is extrapolated to estimate the energy bandgap.  
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                                             Fig.3 (d) UV-vis Extinction coefficient 

The optical extinction coefficient of the sample was evaluated via UV-vis spectroscopy 

across the wavelength range, showing a wavelength-dependent variation indicative of the 

material’s light absorption characteristics. 
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                                                                       Fig.3 (e) UV-vis Reflectance 
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The reflectance profile has been measured for the purpose of examine its light response from 

the crystalline sample. In Ultraviolet-visible reflectance measurements, the reflectance (%) 

represents the fraction of incident light reflected by the material when exposed to ultraviolet 

and visible light. It helps to understand the optical properties, band gap, and surface 

characteristics of powder samples. A lower reflectance indicates higher absorption of light by 

the material. 
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                                                  Fig.3 (f) UV-visible Refractive index 

The Refractive index (no) was derived through absorption spectra, providing information on 

the light propagation within the material. The refractive index for sample is determined using 

UV-vis spectra across the wavelength range, showing a gradual variation with wavelength, 

which reflects the material’s optical dispersion characteristics. 
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                                                     Fig.3 (g) UV-vis optical conductivity 

The optical conductivity was calculated to understand the interaction of photons with charge 

carries in the material. The optical conductivity of the material is evaluated through 

Ultraviolet-visible spectroscopy, showing a wavelength-dependent behaviour that reflects the 

material’s electronic and optical properties [16, 17]. 

4). SEM analysis 

       SEM is an effective method employed for examining the surface topography and 

microstructural features of crystalline samples. It provides high-resolution micrographs that 

reveals the morphology, dimensions, and spatial arrangement of particles, grain or layers, as 

well as any defects such as cracks, voids or irregularities. Through SEM, the uniformity, 

compactness, and overall structural integrity of the sample can be effectively assessed. 

      SEM was conducted to investigate the surface topography from the as synthesized 

material [18]. The micrographs revealed a well-defined surface with uniform texture, 

indicating good crystalline quality. The absence of visible grain boundaries or cracks 
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confirms the homogeneity of the material, while the observed surface features provide insight 

into the growth mechanism and defect distribution [19].  

 

                            

     Fig.4 (a). Photograph of SEM                                 Fig4 (b). Photograph of SEM  

 

 

                             

   Fig.4 (c). Photograph of SEM                                  Fig.4 (d). Photograph of SEM  
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                                                  Fig.4 (e). Photograph of SEM  

5). CHN analysis 

          CHN characterization is performed to determine the elemental content of the 

synthesized sample in terms of carbon (C %), hydrogen (H %), and Nitrogen (N %) content 

[20, 21]. The experimental values were compared with the theortical stoichiometric 

percentages to confirm the chemical purity and proper molecular composition of the material 

[22]. Elemental analysis (CHN) indicated that the sample comprised Carbon (40.64 %), 

Hydrogen (7.44 %) and Nitrogen (10.71 %) of the sample’s total weight, respectively [23]. 

The results indicated close conformity with the expected results, verifying the absence of 

unwanted impurities. Accurate elemental composition is crucial for NLO crystals, as 

deviations can affect the crystal structure, optical quality and efficiency in nonlinear optical 

applications [24, 25].                  

Table. (2) CHN elemental composition of the sample 

      Sample weight           Carbon (%)         Hydrogen (%)        Nitrogen (%) 

               7.60               40.64                 7.44              10.71 

 

6). Photoluminescence analysis 
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      Photoluminescence studies were conducted to examine the emission characteristics in the 

synthesized material [26]. The sample was excited with a suitable wavelength, and the 

emitted light was recorded to study its electronic transitions and defect states [27]. The PL 

spectrum revealed sharp and well-defined emission peaks, indicating high optical quality and 

minimal structural defects [28]. Such optical behaviour is critical for nonlinear optical (NLO) 

functionalities, since it reflects the efficiency of light-matter interaction, transparency and 

suitability for frequency conversion or laser based devices [29]. The intensity and position of 

the emission peaks also provide insight into the electronic band structure and potential energy 

level within the material. 

                                                    Eg = 1240 / λ                                               (1) 

The biggest peak produced at 466 nm arises from the hydroxyl (-OH) group, and the 

electronic transitions responsible is (n-σ*). The other peaks are observed at 536 nm and 822 

nm. At sharp peak of 466 nm to corresponds to 2.66 eV photoluminescence of L-Threonine 

renders it promising for candidate for nonlinear optical applications including optical 

switching and frequency conversion in photonic applications [30, 31]. 
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                                 Fig (6). PL Emission profile of L-Threonine single crystals 

7). Energy dispersive energy analysis 

      Energy dispersive X-ray (EDX) method was performed for examining the elemental 

constituent within the specimen. The technique allowed precise identification of the elements 

present and their relative concentrations. Data obtained from EDX yielded significant 

information regarding the chemical uniformity of the material. The analysis confirmed the 

presence of all expected elements without detectable contamination [32]. EDX spectra were 

recorded and analyzed to quantify the elemental ratios accurately. This method also offered 

information about the distribution of elements across the sample surface. The results were 

consistent with the nominal chemical formula of the material.  Elemental mapping further 

highlighted regions of uniform composition. The finding from EDX supported 

complementary characterization techniques. Overall, EDX proved to be a reliable tool for 

elemental verification and compositional analysis [33].     
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                         Fig. (7) Energy dispersive X-ray (EDX) profile of the sample 

 

Table. (3)  

Elemental constituents in the material were analyzed using Energy dispersive x-ray technique 

--------------------------------------------------------------  

  Element       Line Type        Wt %      Atomic %  

--------------------------------------------------------------- 

        C                K series           54.09         61.08 

        O                 K series          45.91         38.92 

--------------------------------------------------------------- 

    Total:                                       100           100 

--------------------------------------------------------------- 

8). Z scan in liquid analysis 
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         Z-scan analysis is highly reliable and well-established method for investigating 

nonlinear optical (NLO) characteristics for the sample. It involves translating a sample along 

the propagation axis (z-axis) of a converged laser beam while measuring the transmitted 

signal relative to its spatial location [34]. This method provides quantitative information 

about both the nonlinear optical refractive index (n2) and the nonlinear optical absorption 

coefficient (β) of a material. 

This method enable concurrent determination of the nonlinear optical Refractive index (n2) 

and nonlinear optical absorption coefficient (β) under high-intensity light. within this method, 

the specimen is moved along the axis within a converged beam irradiation. Depending on the 

measurement, detector records the emergent light through an aperture (closed aperture Z-

scan) to detect refractive index changes or without an aperture (open aperture Z-scan) to 

study nonlinear optical absorption phenomena such as saturable and reverse saturable 

absorption. Nonlinear refraction provides information on intensity-dependent changes in the 

refractive index of the material [35].  

By fitting experimental data to theoretical models, key quantities including the nonlinear 

optical refractive index (n2) along with the Nonlinear optical absorption (β) can be evaluated 

accurately. The Z-scan technique can be considered simple, sensitive, and requires minimal 

sample preparation. It is widely used to characterized sample such as optical switching, 

photonic devices, and laser protection, helping researchers understand light-matter 

interactions at high intensities. Overall, the Z-scan provides a straightforward and reliable 

approach for characterizing nonlinear optical materials. 

In this Research work, the Z-scan experiment were performed by a laser operating at a 

wavelength of 632.8 nm laser with a power (Ep) of 12.0 mW and a beam diameter (d) of 

5mm, focused through a 200 mm lens onto a 1 mm thickness sample (L), with a sweeping 
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distance of 40.0 mm and a step size of 0.5mm. The system featured a high-bandwidth 

configuration, with an aperture radius of 2mm, the radius of the beam at the aperture (Wa) of 

4.5 mm, a sample linear refractive index (no) of 1.5, and a transmittance of 70%. 

The sample thickness (L) was measured to be 1mm, while the Rayleigh length (ZR) for the 

focused laser light was calculated as 1.29 mm. since L < ZR, the beam remained effectively 

collimated within the sample during the Z-scan experiment. The sample was positioned onto 

an automated linear positioning platform, and the incident laser beam travelled from the 

negative (-Z) region toward the positive (+Z) region.  

Z-scan experiment were examined using third-order nonlinear optical behaviour of the 

synthesized crystal. The open-aperture curve confirmed the existence of nonlinear optical 

absorption processes, while the closed aperture curve revealed a self-focusing nonlinear 

optical refractive index. Form the experimental data, the nonlinear optical coefficients were 

evaluated, indicating the crystal’s strong interaction with intense laser radiation [36].  

The nonlinear optical characterization of the material were investigated via the Z-scan 

method. In the closed aperture measurement, the peak transmittance Tp is 0.0033 and valley 

transmittance Tv is 0.0029 yielded a transmittance difference of ∆Tp-v is 0.0004 from which 

the nonlinear optical refractive index (n2) has been determined.  

In the open aperture configuration, the peak Tp is 0.0092 and valley Tv is 0.0086 

transmittance resulted in a minimum transmittance differences of ∆Tmin is 0.9914 indicating 

the existence of a significant nonlinear optical absorption coefficient (β) within the material. 

The open aperture Z-scan curve exhibited a valley to peak shape, with the lowest 

transmission intensity occurring near the beam waist (z=0), indicating occurring at the focal 

point (RSA) behavior within the material. The positive nonlinear optical absorption 

http://www.thebioscan.com/


                                                                                  21(1): 685-731, 2026                 www.thebioscan.com 

 
705 

 

coefficient (β >0) demonstrates the material’s applicability to optical limiting and other 

nonlinear photonic applications. 

The closed aperture Z-scan curve displayed a valley to a peak profile, with the peak and 

valley transmittance occurring near the beam waist (z=0), suggesting a positive nonlinear 

optical refractive index (n2>0) and self-focusing behaviour in the sample, with applications 

primarily in nonlinear photonics, including all optical switching.    

The Nonlinear optical characteristics exhibited by the specimen was examined through the Z-

scan experiment. The nonlinear optical refractive index (n2) was calculated as 4.39 x 10-15 

m2/W, and the nonlinear optical absorption coefficient (β) was found 5.66 x 10-5 m/W. From 

these parameters, the third order nonlinear optical susceptibility has been determined, 

yielding a real part Re (X (3)) is 2.50 x 10-13 esu. An imaginary part Img (X (3)) is 1.62 x 10-8 

esu, and a magnitude of third order susceptibility |X(3)| is 1.62 x 10-8 esu, indicating a material 

demonstrate notable third-order nonlinear optical behavior.  

Z-scan experiment demonstrated that the crystal’s pronounced third-order nonlinear optical 

susceptibility, indicating its potential for optical limiting, all optical switching and Photonic 

devices [37, 38]. 
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                                                     Fig.8 (a). Z scan - Open aperture  
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                                                     Fig.8 (b). Z scan - Closed aperture  
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9). Antibacterial test 

               In this study, the antibacterial properties of crystals grown from the synthesized 

organic compound were systematically investigated to evaluate their potential biomedical 

applications [39]. The crystallization process was optimized to obtain high-purity, well-

defined single crystals, which were then subjected to anti bacterial testing towards a set of 

gram-positive and gram-negative bacteria [40]. The analysis involved determining the 

inhibition zones, minimum inhibitory concentrations (MIC), and potential bactericidal 

effects, allowing for a thorough evaluation regarding crystallinity, topographical features, and 

molecular arrangement of the crystals influence their antibacterial activity [41]. By 

correlating the structural characteristics of the grown crystals with their biological efficacy, 

this investigation offers critical understanding of the design of functional crystalline 

substances exhibiting enhanced antimicrobial characteristics, that could be useful in 

pharmaceutical and biomedical applications.  

The antimicrobial activity exhibited by the tested sample was assessed involving two 

bacterial species, S. aureus (Gram-positive) and E. coli (Gram-negative), through the 

standard disc diffusion assay. The control samples exhibited clear inhibition zones of 25 mm 

for both bacterial strains, confirming the validity of the experimental setup [42]. In, contrast, 

the tested sample did not exhibit any observable zone of inhibition against either S. aureus or 

E. coli, suggesting that under the experimental conditions employed, the sample lacked 

detectable antibacterial activity. These results indicate that the sample was ineffective in 

suppressing the proliferation of the tested gram positive and gram negative bacteria and may 

require further modification or testing under different conditions to evaluate its potential 

antimicrobial properties [43]. 
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Fig.9 (a). Antibacterial activity – S. Aureus         Fig.9 (b). Antibacterial activity – E. coli 

Table. (4) 

Antibacterial efficacy of L-Threonine showing no inhibition against the tested bacterial 

strains. 

         S.NO         Strain  Gram reaction        Control Zone of 

inhibition (mm) 

            1.        S. aureus       + Gram            25              NIL 

            2.         E.  Coli        - Gram            25              NIL 

 

10). TG-DTA studies 

The TG-DTA analysis and DTG studies were performed from 10°C–750°C under a nitrogen 

atmosphere. Thermogravimetric and differential thermal studies were performed on L-

Threonine single crystals with a sample mass of 7.511 mg to examine their thermal stability 

and phase transition behaviour [44]. 

 The DTA measurements were recorded as heat flow with the endothermic direction 

downward (Mw), revealing multiple endothermic events at 198.86°C, 219.38°C, 234.88°C, 
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253.86°C, 286.59°C, 329.77°C, and 422.73°C. These transitions indicate stepwise thermal 

processes, which may correspond to lattice reorganization, partial melting, or other structural 

relaxations within the crystal lattice [45, 46].  

Furthermore, glass transition temperatures TG (mg) were identified at 236.62°C, 286.59°C, 

and 538.16°C, representing discrete regions of molecular mobility and structural relaxation. 

The  observed thermal events suggest that the L-Threonine single crystals remain temperature 

dependent stability up to approximately 198°C, with subsequent endothermic peaks reflecting 

gradual structural modifications and decomposition processes. The detailed TG-DTA profile 

thus provides a comprehensive understanding of the thermal characteristics of L-threonine 

single crystals, including both their stability and phase transition behaviour under controlled 

heating conditions [47].  

The derivative thermogravimetry (DTG) analysis revealed a major peak at 251.62°C, 

representing the point of highest mass-loss rate, and a smaller weight loss at 268.85°C, 

indicating a slower secondary decomposition process. These observations highlight distinct 

stages of thermal degradation, providing valuable insight into the heat induced stability and 

degradation kinetics for the material. 

The thermal degradation kinetics for the material were analyzed using TG-DTA, and both the 

broidos and Kissinger methods were employed to evaluate the kinetic parameters. The broido 

method provided a deeper understanding of the stepwise characteristics of the decomposition 

process, capturing subtle variations in reaction kinetics, whereas the Kissinger method 

offered a simpler and rapid estimation of the activation parameters. Both methods yielded 

consistent trends in describing the thermal behaviour, highlighting the reliability of the 

kinetic analysis and demonstrating that the combination these approaches enables a thorough 

elucidation of the material’s stability and decomposition mechanism [48]. 
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                 Fig 10 (b). DTG curve: Temperature (°C) vs derivative weight (mg/min) 
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             Fig 10 (c). Thermal analysis of the sample using the Broidos method 

Table. 5 

Kinetic thermal parameters of Broidos method 

  ------------------------------------------------------------------------------------- 

         Kinetic parameters                                          Values 

   ------------------------------------------------------------------------------------- 

          Slope                                                           -1509.7329 

          Temperature in Kelvin                                    321.543 

          Frequency factor in (A) sec-1                                   5.03 x 102 sec-1 

          Activation energy (Ea) in J/mol-1                                    12554  

          Entropy of activation (∆S) in J/mol-1                           -275.1 
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          Enthalpy of activation (∆H) in J/mol-1                          9882 

          Gibbs free energy (∆G) in J/mol-1                                   98336 

                             ---------------------------------------------------------------------------------- 
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                 Fig 10 (c). Thermal analysis of the sample using the kissinger method 

Table. 6 

Kinetic thermal parameters of kissinger method 

                        --------------------------------------------------------------------------------------- 

     Kinetic parameters                                            Values 

                        --------------------------------------------------------------------------------------- 

     Slope                                                               1079.6626 

     Temperature in Kelvin                                       476.19 
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     Frequency factor in (A) sec-1                                         2.86 x 10-3  

     Activation energy (Ea) in J/mol-1                                      8968.9 

     Entropy of activation (∆S) in J/mol-1                                -298 

     Enthalpy of activation (∆H) in J/mol-1                          5011.6 

     Gibbs free energy (∆G) in J/mol-1                                 146811.6 

                                      ---------------------------------------------------------------------------------------------------------------------------------------- 

11). Fourier transform nuclear magnetic resonance 

1H FT-NMR 

The 1H FT-NMR characterization performed on the prepared material displayed several 

characteristic resonances in the region of δ 4.140- 4.078ppm, which are assigned to the 

methane (-CH) and Hydroxymethylene (-CH-OH) protons of the amino acid backbone. 

Additional peaks observed at δ 3.447 and 3.435 ppm correspond to protons bonded to the 

carbon atom bearing the hydroxyl functionality, confirming the detection of the β- hydroxyl 

chemical moiety of the sample [49, 50]. The signals at δ 1.189 and 1.172 ppm arise from the 

terminal methyl protons, validating the aliphatic side-chain environment characteristic of 

threonine 

13C FT-NMR 

The 13 C FT NMR spectrum exhibited a distinct resonance at δ 175.75 ppm, assigned to the 

carboxyl carbon (C=O) to the amino group. The signals observed at δ 65.80 and 60.31 ppm is 

associated with the β- carbon bonded to the hydroxyl group and an α-carbon linked with an 

amino group , respectively, confirming the characteristic carbon skeleton of L-Threonine. 
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The Low-field aliphatic carbon peaks at δ 19.40 and 19.36 ppm are assigned to the terminal 

methyl carbon atoms [51]. 

                                      

                              Fig 11. Molecular structure for L-Threonine single crystals 

 

1H FT NMR 

                             

                 Fig. 11 (a) 1H FT-NMR                                  Fig. 11 (b) 1H FT-NMR 
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                                              Fig. 11 (c) 1H FT-NMR  

13C FT-NMR 

       

                                                        Fig. 11 (d) 13C FT NMR  

 

12). Microhardness 

                  The microhardness of the sample were recorded under applied loads of 25, 50, 75, 

100 gm yielding hardness values (Hv) of 28.58, 52.07, 42.17, and 55.12 kg/mm2, respectively, 

which demonstrates a nonlinear dependence of hardness on the indentation load. The 

hardness in the material initially rises under the applied load, then shows a slight decrease, 
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followed by a further increase at higher loads, reflecting a nonlinear dependence 

characteristic of the indentation size effect (ISE). The measured variation of load-dependent 

microhardness is indicative the indentation size effect (ISE), a widely recognized 

phenomenon in crystalline materials where load dependent varies with the applied load and 

corresponding indentation size [52]. 

                           The indentation diameters of the grown crystals was determined at Log P (g) 

of 1.398, 1.699, 1.875, and 2, corresponding to indentation diameters of 1.605, 1.625, 1.759, 

and 1.763 μm, respectively, demonstrating a gradual increase in indentation size with 

increasing load. The microhardness of the sample was evaluated, and the mayer’s index (n) 

value has observed 2.79, indicating the material’s hardness characteristics under the applied 

load. The variation in load-dependent hardness as a function of indentation load confirms a 

clear indentation size effect (ISE), since the measured microhardness values change non-

linearity with increasing load, reflecting the effect of indentation size on mechanical strength 

of the material [53]. 

                          The load-dependent change in the stiffness coefficient (C11) under applied 

load (P) is analyzed for evaluating the elastic behaviour of the synthesized crystal. The 

variation with applied Load (P) and the stiffness coefficient (GPa) reveals the stiffness rises 

with applied load, indicating the strong bonding nature and enhanced resistance to 

deformation under higher applied stress. This behaviour demonstrates the good elastic 

resistance of the material [54].  

                        The relationship with applied load (P) and Yield strength (MPa) was examined 

to assess the elastic performance of the synthesized material. The yield strength was found to 

vary with increasing load, indicating that the material exhibits good resistance to plastic 
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deformation under higher applied stresses.  This variation suggests the strong bonding nature 

and structural stability of the crystal [55]. 

                                                   

 

Fig. 12 (a). Photographic image showing the mechanical strength of the L-Threonine 

crystal 
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                                              Fig.12 (b).  Load P (g) versus Hv (kg/mm2) 
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                                                            Fig.12 (c). Log d (μm) versus Log P (g) 
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                                           Fig.12 (d). Load P (g) versus Stiffness coefficient (GPa) 
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                                                   Fig.12 (e). Load P (g) versus Yield strength (MPa) 

Conclusion 

                 In powder XRD the various parameters of a = 7.738 A°, b= 13.62 A°, c = 5.137 A° 

and these three angles correspond to 𝛼 = 𝛽= 𝛾 = 90° and the crystal crystallizes in an 

orthorhombic system with a primitive lattice, belonging to the space group P212121. Fourier 

transform infrared studies confirmed the characteristic chemical groups, ensuring the 

molecular group assignments and purity of the grown material. Ultraviolent-visible studies 

facilated the evaluation of absorbance, Transmittance is 90 %, Direct band gap (Tauc plot) is 

4.60 eV, Refractive index, Reflectance, optical conductivity and Extinction coefficient there 

by providing comprehensive insight into the optical and opto-electronic characteristics of the 

material. SEM analysis revealed a uniform surface morphology with well defined facets, 

indicating the structural quality of the crystal. The evidenced elemental peaks are consistent 

with the constituent atoms, indicating the successful incorporation of all components and the 

absence of significant impurities. CHN analysis confirmed that the carbon (40.64 %), 

Hydrogen (7.44 %), and Nitrogen (10.71 %) content of the synthesized crystal closely 
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matches the theortical values, indicating the purity and correct stoichiometry of the material. 

The strong and maximum peak observed around the 466 nm and the electron excitation band-

gap (Eg) was measured to be 2.66 eV. Z-scan studies confirmed the NLO response of the 

sample, with a third-order NLO susceptibility of 1.26 x 10-9 esu, indicating its potential for 

optical limiting, optical switching, optical modulation and data storage. The mayer index (n) 

for microhardness was found to be 2.79, classifying the material in the hard category. The 

Load (P) versus hardness, stiffness, and yield strength analysis shows that the material resists 

deformation effectively, this indicates good mechanical stability. The 1H and 13C FTNMR 

analyses of L-Threonine single crystals successfully confirmed the expected proton and 

carbon environments, including α- and β-Protons, methyl groups, and the carboxyl carbon. 

These results validate the molecular framework of L-Threonine and demonstrate the 

effectiveness of FT-NMR in detailed structural characterization of amino acid crystals. The 

antibacterial studies demonstrated no inhibition of the tested bacterial strains, indicating that 

the material is inactive against these bacteria. The temperature-dependent behaviour of the 

sample was analysis using DTA and DTG analyses, which showed a Thermogravimetric 

analysis (TG) at 198.86°C and a sharp DTG peak at 250°C, while the rate parameters of 

decomposition were evaluated by both the Kissinger and broidos methods, providing insight 

into the material’s thermal stability and decomposition mechanism. 
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