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ABSTRACT 
A highly transparent semi-organic material, Bis(L-alaninato) Copper-II (BLALC), was successfully grown using 

a carefully controlled low-temperature solution growth method. The developed crystals underwent structural, 

optical, electrical, thermal, and third-harmonic generation studies. Single-crystal X-ray diffraction analysis was 

utilized to determine the lattice parameters and validate the crystalline characteristics of the synthesized 

compound. The presence of the characteristic functional groups in the grown crystal was verified by FT–IR and 

FT-RAMAN spectroscopy. Fluorescence studies showed that the compound exhibits a prominent green emission. 

Dielectric measurements were performed to understand the electrical response of the crystal. Thermal behavior 

and its stability to withstand the temperature were examined through TGA–DSC analysis, which provided insight 

into the decomposition temperature of the compound. The Z-scan technique was used to assess third-order 

nonlinear optical properties, validating its nonlinear characteristics under local Indian self-government chemical 

rules, 1989. 

 
Keywords:  Crystal growth, Thermal analysis, Optical properties, Dielectric, self-government chemical rules 

 

Introduction 

The emergence of technologies across various disciplines necessitates advanced functional 

materials. The discovery and development of these advanced functional materials have become 

a primary focus of scientific research [1]. “Nonlinear optical (NLO)” materials have drawn 

considerable interest because of their extensive applications in optoelectronics and photonic 

technologies. In recent years, crystal growth has become a pivotal research domain due to the 

extensive utilization of crystalline materials in photonics, fiber-optic communication systems, 

defense technologies, nanotechnology, electronics, medical instrumentation, and materials 

engineering [2–4]. In recent years, design and development of innovative NLO materials with 

improved Figures of Merit have emerged as an important catalyst for transitioning nonlinear 

optics from laboratory research to practical applications. The literature survey indicates that an 

optimal NLO chromophore must possess strong electron-donor and electron-acceptor groups 

interconnected by a conjugated bridge. An NLO chromophore is characterized by electronic 

asymmetry and a pronounced dipolar nature. Significant advancements have been made in the 

design of materials exhibiting enhanced second-order NLO efficiency, but identifying highly 

efficient third-order NLO materials is quite a big challenge. Third-order NLO (χ³, e.g., third-

harmonic generation, Kerr effect, two-photon absorption) is allowed in both centrosymmetric 

and non-centrosymmetric materials. The most synthesized NLO materials come under the 

category of organic or inorganic materials. Many organic compounds with delocalized π-

conjugated systems have emerged as promising materials for these NLO applications. [5] The 

delocalization of π electrons endows these organic materials with strong physical and chemical 

properties and results in high birefringence [6]. Furthermore, weak van der Waals interactions 

as well as hydrogen bonding contribute to enhanced nonlinear optical behavior [7].  Organic 

materials also offer several distinctive advantages, including structural tunability, ultrafast 
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optical response, and large electro-optical coefficients. Inorganic NLO materials are highly 

mechanically and thermally stable, which allows the development of large crystals. However, 

their nonlinear optical response is also weak because they lack π-electron delocalization [8]. 

However, as of today, semi-organic materials have gained increasing attention in the usage of 

NLO in comparison with purely organic analogues as a result of superior mechanical strength, 

increased thermal stability, and increased handling convenience. Semi-organic materials are 

specially tailored and made by the synthesis of the beneficial properties of both the inorganic 

and organic materials through the right stoichiometric compositions [9,10].  Currently, semi-

organic materials have attracted growing interest for NLO applications in comparison with 

purely organic counterparts, owing to their improved mechanical strength, enhanced thermal 

stability, and greater ease of handling. Amino acids are crucial in the growth of nonlinear 

optical crystals and serve as promising organic constituents due to their amine (–NH₂) and 

carboxylic acid (–COOH) functional groups, as well as their distinctive side chains (R groups) 

specific to each amino acid [11]. 

Among amino acids, L-alanine is one of the simplest and most extensively studied molecules, 

composed of amine (–NH₂), carboxylic acid (–COOH), and a methyl (–CH₃) side chain. In the 

crystalline state, L-alanine exists in a zwitterionic form and is stabilized by strong 

intermolecular hydrogen bonding. Despite having a non-centrosymmetric structure conducive 

to second-order nonlinear processes, its molecular arrangement and polarization-induced 

charge redistribution substantially influence third-order NLO properties, that involve “third-

harmonic generation (THG)”. The synergistic impact of molecular polarizability, hydrogen-

bond networks, and electronic structure increases the χ³ response, positioning L-alanine as a 

promising semi-organic material for third-order NLO applications [12-17]. 

Given the continued demand for efficient third-order NLO materials, the present study 

focuses on the synthesis, crystal growth, as well as comprehensive characterization—

including structural, optical, thermal, dielectric, and third-harmonic generation (THG) 

studies—of a semi-organic crystal, namely Bis(L-alaninato) Copper(II) (BLALC). 

2. Experimental  

2.1. Synthesis of Bis(L-alaninato) Copper(II) (BLALC) 

A good transparent blue colored lustrous single crystal of the title compound was prepared by 

mixing the precursor material L-Alanine (8.909g), Copper sulphate (12.484g), and calcium 

hydroxide (3.7045g) in the given quantity, and then stirring well in the distilled water. A 

magnetic stirrer agitated the solution for 6 hours to produce a homogeneous mixture. This 

solution had been filtered with filter paper and slowly evaporated. Figure 1 shows optically 

transparent, non-hygroscopic, high-quality BLALC single crystals grown for 22 days. 

3. Results and discussion  

3.1. Single crystal X-ray diffraction (XRD) study 

 Single-crystal “X-ray diffraction studies of the BLALC crystal were carried out using 

a Bruker Kappa APEX II CCD diffractometer operating with graphite-monochromated Mo Kα 

radiation (𝜆 = 0.71073 𝐴̊) at room temperature. The crystallographic analysis confirms that 

the crystal belongs to a monoclinic system with a space group. 𝑃21. The” lattice parameter 

values of the synthesized crystal had been compared with the reported values, demonstrating 

good agreement with the reported one[18], and are presented in Table 1. 

3.2. FT-IR and FT- Raman Analysis 

With the help of a Perkin-Elmer spectrometer and the KBr pellet technique, “Fourier Transform 

Infrared (FTIR)” spectrum of BLALC was obtained in 4000–400 cm-1 range (Figure 2). Bruker; 

RFS 27 FT-RAMAN spectrometer had been employed to record the existence of functional 

groups in the range 4000 -50cm-1 for BLALC (Figure.3). The wave numbers of bands in FT-

IR and FT-Raman of BLALC and its suggested assignments [19-23] are given in the Table.2. 
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As a result, FT-IR and FT-RAMAN make it evident that the material contains functional 

groups. 

3.3 Thermal analysis 

The TGA/DSC analysis can be used to determine the grown crystal's thermal stability as well 

as decomposition temperature [24, 25]. In this method, about 6.23mg of the sample is taken 

and heated in the crucible. The resulting spectrum is depicted in Figure 4. The sample was 

stable up to the temperature of 200o C after that, evaporation of water results in the weight loss 

of the material up to 2.56% continues till the temperature of 250o C also confirmed in the DSC 

curve. The decomposition of the material into gaseous products causes a major weight loss of 

about 47.3% occurs between 290o C to 320 o C. The release of gaseous substances above 290o 

C also confirmed by the sharp endothermic and exothermic peaks at 310  o C and 380o C in DSC 

spectrum. This shows that BLALC crystals have good thermal stability and hence it’s a strong 

candidate for NLO applications.  

3.4 CHN- Elemental Analysis 

The elemental composition of the synthesized crystal had been evaluated using the “Perkin-

Elmer 2400 series CHNS analyzer”. The CHN elemental analysis of the title crystal shows that 

it contains C=28.55%, H=4.68%, and N=10.87%. This confirms the high purity of the crystal.  

3.5 Fluorescence studies 
             Fluorescence is the term for light emission that stops after the cause of excitation in 

cut-off. It is usually observed in organic molecules with rigid structures and few loosely 

coupled substituents that allow vibronic energy to flow out [26–28]. The spectrum is 

demonstrated in Figure 5. A peak at 569nm in the emission spectrum indicates green 

fluorescence from the title crystal. Sharp peak indicates quality [29,30]. 

3.6. Dielectric Studies 

The significant parameter for selecting the Non-Linear Optical crystal in the application field 

of device fabrication is its dielectric property [31]. A material's dielectric constant measures its 

ability “to store electrical energy in an electric field [32–34]. As observed in Figure 6, the 

dielectric constant of grown crystal exhibits higher values in the low-frequency region due to 

collective influence of electronic, ionic, dipolar, as well as space charge” polarization 

mechanisms. Furthermore, the trend displayed in Figure 7 indicates a reduction in dielectric 

loss at higher frequencies, suggesting a low concentration of structural defects in the BLALC 

crystal. High-frequency solids with a low dielectric constant use little power. These 

characteristics make BLALC crystal better for device fabrication. 

3.7 Third-order Nonlinear studies 

  The “Z-scan method [35] is a simple and reliable experimental technique used to evaluate 

both the nonlinear refractive index (𝑛2) and the nonlinear absorption coefficient (𝛽). The 

nonlinear refractive index is directly related to the real part of the third-order nonlinear 

susceptibility, 𝐴𝐴(𝜒(3)), whereas” the nonlinear absorption coefficient shows a direct 

dependence on the imaginary component, 𝐴𝐴(𝜒(3)). 

The Z-scan measurements had been carried out with the help of a 532nm diode-pumped 

continuous-wave laser with an output power of 100W. The laser beam was focused by a lens 

having a focal length of 10.3cm. A schematic representation of the experimental setup 

employed for Z-scan measurements is presented in Figure 8. 

An optical cell, 1mm wide, that contains the BLALC sample dissolved in water, is translated 

along the axial direction, coinciding with “the laser beams propagation. The beam's 

transmission through a far-field aperture was quantified and input into the automated system 

to derive the closed aperture Z-scan. To remove the aperture in an open-aperture Z-scan, a lens 

captured the entire laser beam through the sample. 



LEX LOCALIS-JOURNAL OF LOCAL SELF-GOVERNMENT      
ISSN:1581-5374 E-ISSN:1855-363X      
VOL. 24, NO. 2(2026)  
 

51 

Figures 9, 10, and 11 present the closed, open, and closed-to-open ratio of the normalized Z-

scan of BLALC, respectively, at 63% transmittance. The experiment's sensitivity to refractive 

nonlinearities is only due to the aperture. In the absence of an aperture, the Z-scan” technique 

mainly probes nonlinear absorption processes. Accordingly, performing measurements under 

both open- and closed-aperture conditions makes it possible to separately analyze the refractive 

and absorptive nonlinear responses of sample. 

Closed-aperture Z-scan results showing a peak–valley sequence in the normalized 

transmittance profile indicate a negative refractive nonlinearity, characteristic of self-

defocusing effects [36]. The self-defocusing effect results from local variations in the refractive 

index caused by temperature variations [37]. The open aperture curve signifies that the material 

exhibits reverse saturable absorption. 

   

The parameter Δ𝑇𝑝−𝑣is quantitatively “defined as the difference between the normalized peak 

transmittance (𝑇𝑝) and the corresponding valley transmittance (𝑇𝑣). Its dependence on the 

absolute value of the on-axis phase shift ∣ Δ𝜙0 ∣is described by the following relation: 

                   (1) 

Here, Δ𝜙0represents the on-axis phase shift at the focal plane. The linear transmittance of the 

aperture, denoted by 𝑆, is expressed as: 

                                     S = 1 – exp (–2 r2
a/ω2

a)                                 (2) 

where 𝑟𝑎corresponds to the radius of the aperture and 𝜔𝑎denotes the beam radius at the aperture 

position. Furthermore, the on-axis phase shift is related to the third-order nonlinear refractive 

index (𝑛2) through the expression: 

                                        (3) 

Here,  , the parameter L denotes the physical length of the sample, 

𝛼accounts for linear absorption, 𝐼0 specifies the laser intensity at the focal position (𝑧 = 0), 

while the wave number 𝑘is defined as k=2π/λ. 

The imaginary component of the third-order NLO susceptibility [  ] was estimated with the 

help of nonlinear absorption coefficient (β) obtained from open-aperture Z-scan measurements, 

together with the relations” presented below. 

                                                                (4) 

                                                                                              (5) 

ω0 denotes beam waist radius at the focal point, ZR = kω0
2 /2 denotes diffraction length 

of beam,  

 The measured values of the “nonlinear refractive index (n₂) and the nonlinear 

absorption coefficient (β) are employed to evaluate both the real and imaginary parts of the 

third-order [ ] susceptibility, as expressed by the relations given below [38]. 

                                            (6)                                                             
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                                         (7)                                                        

        here ε0 denotes vacuum permittivity, and c denotes light velocity in vacuum. 

The following formula represents the third-order NLO susceptibility's magnitude:

                      (8) 

The computed nonlinear parameters are presented in” Table 3. 

4. Conclusion 

High-quality BLALC crystals were successfully grown through the slow evaporation technique 

and comprehensively characterized using diverse analytical methods. The lattice parameters 

have been determined through single-crystal XRD, and the existence of diverse functional 

groups in BLALC was validated using FT-IR and FT-RAMAN spectroscopy methods. The 

thermal characteristics of BLALC were examined through “TGA (Thermogravimetric 

Analysis)” and “DSC (Differential Scanning Calorimetry)”. The essential components of 

BLALC were determined through CHN elemental analysis. BLALC demonstrated 

fluorescence and moderate nonlinear optical efficiency. Its distinctive characteristics make it a 

better frequency-tripling candidate.  The obtained results of dielectric studies and z-scan 

reveals that the title compound is a promising material for laser assisted applications under 

local Indian self-government chemical rules, 1989. 
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Figure.1. Photograph of BLALC crystal 

 

 

 
Figure 2. FT-IR spectrum of BLALC crystal 
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Figure 3. FT-Raman spectrum of BLALC crystal 

 

 
Figure 4. TGA-DSC curve of BLALC crystal 
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Figure 5. Fluorescence spectrum 

 

 

 

 
Figure 6.  Variation of dielectric constant versus log frequency 
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Figure 7. Variation of dielectric loss versus log frequency 

 

 
 

Figure 8. Schematic of experimental setup for z-scan 

 
Figure 9 Closed aperture 
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Figure 10 Open aperture 

 

 
Figure 11 Ratio of the closed – to - open Z – scan of BLALC 

Table.1 crystal XRD data in comparison with source material 

Crystal data 

(parameter) 

Present Study Reported study details [18] 

Color Blue Blue 

Crystal systems Monoclinic Monoclinic 

Space group P21 P21 

Unit cell 

dimension 

a = 9.20 Ao, b = 5.04 Ao, 

c=9.51Ao, 

α=90.00º,  β = 94.72º, γ = 

90.00º, 

V= 439  Ǻ3 

a = 9.24 Ao, b = 5.05 Ao, 

c =9.59 Ao 

α=90.00º,  β = 95.20º,   γ = 

90.00º, 

V= 438.9Ǻ3 
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Table 2 FT-IR and FT-RAMAN band assignments of BLALC 

Calculated 

frequency (cm-1) 

IR spectrum (cm-1) Raman 

spectrum (cm-1) 

Assignment 

3550-3330 3280.29,3241.88 3064.2 Asymmetric stretching of NH2, 

O-H stretching vibration 

3250-3000 3139.44 2994.38 CH Stretching vibration 

2900-2730 2976.97,2929.40 2962.32 CH3 symmetric stretching, O-H 

stretching vibration 

1700-1550 1619.61 1595.92 Asymmetric pending vibration 

of NH3 

1490-1440  1464.24 1458.95 Asymmetric CH3deformation 

vibration 

1445-1335 1397.13 1304.91 CH3 Symmetric deformation 

vibration 

1070-920  1026.30 1012.13 CH3 rocking vibration 

960-875  854.55  850.79 CH2 out of plane wag 

820-720  786.69 770.33 O-H deformation vibration 

495-465  - 488.81 C-C=O in plane deformation 

vibration 

410-310   - 398.78 CNC skeletal vibration 

 

Table .3 Results of Z-scan. 

S.No Z Scan data  Z Scan results 

1 Laser beam wavelength and power  532nm and 100 mW  

2 Focal length of lens (f) 103mm 

3 Optical path length  675mm 

4 Sample Thickness   1mm 

5 Laser Power Io   3.47 kW/cm2 

6 Beam radius at the aperture   6 mm 

7 Beam radius falling on the lens  3 mm 
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8 Radius of aperture  1.5 mm 

9 Nonlinear refractive index (n2)   5.11x10-8 

10 Nonlinear absorption coefficient (β) 2.13x10-4 

11 Real part of third order susceptibility 

Reχ(3)  (cm2/W) 

2.18x10-6 

12 Third order nonlinear optical 

susceptibility 

2.43x10-6 
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