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Abstract 

A organic nonlinear optical crystal, 4-Chloro-N-(3,4-methylenedioxybenzyl)aniline (CMA), was successfully 

integrated and grown using the slow evaporation method. The molecular was manipulated using 

piperonaldehyde, 4-chloroaniline, and sodium borohydride to obtain a structurally stable, optically transparent, 

and suitable for crystal growth. Single X-ray diffraction confirmed that CMA crystallizes in the orthorhombic 

noncentrosymmetric space group Pca2₁. Powder X-ray diffraction patterns are used to sharp and intense 

reflections, confirming high crystallinity and structural order. Ultraviol visible showed two characteristic 

absorption edges, 282 nm and 343 nm, followed by more than 90% transmittance in the visible region. The 

optical band gap was determined to be 3.16 eV, indicating wide bandgap behaviour and a strong insulating 

nature. Dielectric analysis yielded a dielectric constant of 1.35, substantiating low dielectric loss and stable 

polarization response. Thermogravimetric and differential Thermal analysis (TG/DTA) analysis indicates thermal 

stability of the melting point of 153 °C. Antibacterial studies revealed the inhibition of the Staphylococcus 

aureus and Escherichia coli. The SHG efficiency of the CMA was found to be 27 % of KDP, confirming the NLO 

activity. 
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1. Introduction 

Nonlinear optical (NLO) crystals play a purpose in 

modern photonics due to their aptitude to 

generate strange optical frequencies, modulate 

light, and enable ultrafast optical processes. The 

rudimentary motivation for growing NLO crystals 

lies in their capability to exhibit strong second and 

third-order non-linearities, which are essential for 

applications such as frequency doubling, optical 

switching, and electro-optic modulation. The laser 

technologies advance, there is an accelerating 

necessity for materials that retain high optical 

nonlinearity, a wide transparency window, minimal 

optical loss, and terrific thermal stability. These 

requirements necessitate the development and 

growth of high-quality NLO crystals with a defined 

non-Centro symmetric structure [1,2]. Moreover, 

the organic NLO crystals are exhibit faster response 

times and lower dielectric constants, and lower 

loss in certain spectral regimes compared to many 

inorganic counterparts [3]. 

In this research work, the organic 4-Chloro-N-(3,4-

methylenedioxybenzyl)- aniline (CMA) crystal was 

grown using the slow evaporation method at room 

temperature. The piperonaldehyde donates an 

electron effectively aromatic framework and a 

reactive aldehyde group, enabling the formation of 

a stable molecular structure with strong π–π 

interactions. These features support the 

development of well-ordered crystal with desirable 

optical properties. 4-Chloroaniline devote a rigid 

aromatic amine segment dipole and structural 
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stability enhances intermolecular interactions. 

Which promotes the formation of crystals suitable 

for optical, dielectric, and nonlinear optical (NLO) 

applications. Sodium borohydride distributes as an 

effective reducing agent that stabilizes the reaction 

intermediate, yielding a thermally stable and 

optically transparent molecule. This stabilized 

product ensures good nucleation and smooth 

crystal growth. The grown CMA crystal was 

characterized using single XRD for the 

determination of its cell parameters and UV-visible 

studies for linear optical studies, including 

absorption and transmission studies. The SHG 

efficiency, confirms the nonlinear optical activity of 

CMA sample. Similarly dielectric constant of the 

grown CMA crystal is to confirm the existence of its 

nonlinear optical properties for photonic 

applications. 

2. Materials and methods 

The aforementioned chemical (CMA) was grown 

utilizing the slow evaporation method. 

Piperonaldehyde (1.5 g, 10 mmol) and 4-

chloroaniline (1.27 g, 10 mmol) were refluxed in an 

ethanol solvent at room temperature for in the 

vicinity of 6 hours. Refluxing the amalgamation 

continuously for approximately two more hours 

followed the addition of borohydride sodium (1.52 

g, 40 mmol). Along with the existing solution, 20 

ml of acetone and 40 ml of water were added at 

this point. After the reaction combination was 

cooled, the resulting products were filtered. 

Consequently, after 30 days of growth, the result 

was a colourless transparent crystal and as seen in 

Fig.1. 

 

Fig.1. As grown 4-Chloro-N-(3,4-

methylenedioxybenzyl)-aniline (CMA) crystal 

3. Results and discussions 

3.1 Single XRD Analysis 

        It has been determined by the use of single-

crystal X-ray Diffraction (XRD) analysis that the 

lattice parameters, the organization, and the 

spacing of atoms in the crystalline material have 

been estimated. Additionally, the internal lattice 

features of crystalline substances, such as the 

dimensions of the unit cell, bond lengths, and 

bond angles, are described in addition to the 

determination of the crystal structure.[4,5] 

Crystallographic data for the generated CMA 

crystal were obtained through single-crystal X-ray 

diffraction experiments. These studies were 

conducted with a Bruker AXS diffractometer 

equipped with MoKα radiation (λ = 0.7107 Å). The 

produced CMA crystal has an orthorhombic 

structure characterized by the non-

centrosymmetric space group Pca21. This 

observation transpired as stated by the SHELX97 

software, the cell traits that were measured are as 

follows: a = 11.133 (Å), b = 11.139 (Å), c = 21.1778 

(Å), α = 90°, β = 90°, γ = 120°, V = 2624.95 (Å³), and 

Z = 4. The above values are in excellent accord with 

the data that was presented. 

3.2 Powder XRD Analysis 

        The powder X–ray diffraction (PXRD) pattern 

of the CMA sample Fig. 2, shows a series of sharp, 

intense, and well-defined diffraction peaks 

distinguished mainly between 10° and 50° (2θ). 

Powder Xray diffraction analysis of the synthesized 

compound was carried our using a Bruker D8 

advance diffractometer equipped with Cu Kα 

radiation (λ = 1.5406 Å). The presence of the high-

intensity reflection confirms the crystalline nature 

of the synthesized compound. Several peaks 

exhibit high intensities, which suggests the 

presence of crystallographic aspects typically 

resulting from structural packing within the lattice. 

The compatible peak sharpness also implies a large 

crystalline size and supports the high quality of the 

grown CMA crystal. overall, the PXRD analysis 

confirms the CMA sample is highly crystalline, 

structurally ordered, and suitable for optical and 

solid-state applications [6]. 
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Fig.2  PXRD Pattern of grown 4-Chloro-N-(3,4-

methylenedioxybenzyl)-aniline (CMA) crystal 

3.3 UV –Vis Absorption  

The constructed crystal's UV-Vis absorption, which 

is illustrated in Fig. 3, reveals obvious electronic 

transitions that show off the aromatic conjugated 

system's special features. The aromatic ring's high-

frequency π → π* transition produces a significant 

absorption band that appears in the deep UV 

region (210–230 nm). At λc = 282 nm, a second, 

distinct peak was identified. This peak looked like 

the n → π* transitions that occur when there are 

non-bonding electrons in the substituent groups. 

This signal proved that functional groups were 

connected to the aromatic framework. In annex to 

these high-energy conversions, the spectrum 

exhibits a wide absorption shoulder at λc = 343 

nm, arising from a lower-energy π → π*.Beyond 

this region, the material demonstrates excellent 

optical transparency around the visible domain, 

indicating a low defect concentration and high 

optical purity [7-9]. The UV cutoff and wide 

transparency window emphasizes the suitability of 

the crystal for nonlinear optical (NLO) and 

photonic applications.  

 

Fig.3 UV-vis absorption spectrum of the CMA 

sample 

3.4 UV -vis Transmittance   

The optical properties of the grown crystal were 

comprehensively analysed using optical 

characterisation. The UV-VIS transmittance 

spectrum, (Fig. 4), the Tauc plot (Fig.5) the 

extinction coefficient (K) interpretation with 

wavelength, (Fig.6), and the band gap with 

wavelength (Fig.7) are used to explain band gap.  

The UV-Vis transmission spectrum was recorded in 

the range of 200 – 900 nm, exhibiting two 

prominent absorption edges at 282 nm and 343 

nm, analogous to characteristic electronic 

transitions within the materials. The strong 

absorption is observed in the deep UV region, 

while a sharp increase in transmittance beyond 

350 nm results in more than 90% transparency in 

the visible region, substantiating the excellent 

optical clarity of the grown crystal. Which yielded 

an optical band value of 3.16 eV, this is in good 

agreement with the calculated values from the 

cutoff wavelength, confirming the wide bandgap of 

its insulating nature [10,11]. 

The extinction coefficient K was determined using, 

and its variation with wavelength is exhibited in 

Fig.6. The K and λ plot shows that the extinction 

coefficient attains its maximum near the UV 

absorption region and gradually increases with 

increasing wavelength. However, the magnitude of 

K remains low in the visible and near infrared 

regions, indicating minimal absorption loss and 

substantiating the high transparency of the 

material.                      

Additionally, the variation of the bandgap (Eg) with 

wavelength in Fig.7 confirms that the optical 

bandgap decreases progressively with increasing 

wavelength, illustrating a stable optical response 

and consistent electronic structure across the 

measured spectrum. The wide bandgap and low 

extinction coefficient in the visible region confirm 

the crystal suitability for photonic and 

optoelectronic applications. Overall optical 

analyses, including UV-Vis transmittance, 

absorption coefficient, Tauc plot, and extinction 

coefficient, show that the grown crystal exhibits 

excellent transparency, minimal optical loss, and 

strong insulating behaviour, making it a promising 

candidate for NLO devices, laser frequency 

conversion, and optical switching applications [12]. 
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Fig.4 UV-vis transmittance spectrum of the CMA 

sample 

                                

 

Fig.5 Tauc plot of the CMA crystal 

                    

 

Fig.6 Variation of extinction coefficient (K) values 

with respect to the wavelength (λ) 

                    

 

Fig.7 Variation of band gap (Eg) for the wavelength 

(λ) 

3.5 Dielectric Constant Studies 

The dielectric constant is a fundamental electrical 

property of crystalline materials and plays a crucial 

role in distinguishing phase transitions, 

polarization demeanor, and the suitability of a 

material for optoelectronic applications [13]. To 

decide the dielectric constant (εᵣ) of the grown 

CMA crystal, a Dielectric constant dimension setup 

Fig.8 (for solid and liquid samples) was used. The 

investigative procedure involved weighing 

capacitance under the different conditions. First, 

the capacitance C1 was recorded without placing 

any sample between the capacitor plates, serving 

as the reference. Next, a test material of known 

properties was introduced, and the corresponding 

capacitance C2 was measured for calibration. 

Finally, the grown CMA crystal was placed between 

the plates, and the capacitance C3 was attained. 

The dielectric constant of the CMA crystal was 

calculated using the standard relation, 

 𝜀𝑟=
𝐶1−𝐶2

𝐶1−𝐶3
 

using the measured capacitance values, the 

dielectric constant of the grown CMA was found to 

be  

                                                                     𝜀𝑟=1.35 

A dielectric constant in this range indicates the 

crystal possesses low dielectric s

 los

s and stable polarization behavior, which are 
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desirable characteristics for optoelectronic and 

photonic device applications. 

 

     Fig.8 Experimental setup used for the 

measurement of the dielectric constant 

3.6 Thermogravimetric and Differential Thermal 

Analyses (TG / DTA) 

       The thermal behaviour of the grown CMA 

crystal was interrogated using simultaneous TG – 

DTA analysis, and the corresponding TG -DTA is 

presented in Fig.9. The TG curve shows a gradual 

mass reduction beginning near 50 °C, indicating 

the removal of moisture and trace volatile 

impurities. A more continuous weight loss occurs 

from around 100 °C to 350 °C. The DTA curve 

exhibits a clear endothermic peak at 153 °C, which 

is attributed to the melting of the CMA crystal. 

Beyond this point, a broad exothermic region is 

observed, which is associated with the thermal 

degradation and breakdown of the material, 

comparable to the major weight loss in the TG 

curve. Overall, the TG -DTA results confirm that the 

CMA crystal is thermally stable up to its melting 

point (153 °C) and subsequently undergoes gradual 

decomposition. This level of stability indicates that 

the material is suitable for applications requiring 

moderate thermal endurance, as well as for 

optoelectronic components and nonlinear optical 

devices. 

 

Fig.9 TG-DTA curves of CMA crystalline samples 

3.7 Antibacterial Activity  

        The antibacterial efficacy of the synthesized 

CMA amalgamation was evaluated against 

Staphylococcus aureus and Escherichia coli, 

utilizing the agar well diffusion method Fig.10. 

Nutrient agar medium was prepared according to 

the standard composition and sterilized before 

use. The plates were inoculated with the 

respective bacterial cultures, and wells (8mm) 

were loaded with CMA at concentrations of 

250,500, and 1000 μg/mL. Tetracycline was chosen 

as the standard reference. After incubation at 37 °C 

for 24h, the diameter of the inhibition zones was 

recorded to assess antibacterial activity. CMA 

exhibits stronger activity against S. aureus than E. 

coli. The highest restraint zones observed were 17 

mm for S. aureus and 15 mm for E. coli at 1000 

μg/mL (Table 1). The results indicate that CMA 

possesses dependent antibacterial properties, 

making it a potential candidate for antimicrobial 

coating and biomedical applications. 

Table 1: Antibacterial activity of the CMA sample 
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  mL 

 

       

1.                         

Staphyloco

ccus 

aureus 

12 15 18 15 

       

2.            

Escherichi

a coli 

10 14 15 13 

                            

                                              

Fig.10 Antibacterial studies of CMA crystal 

3.8 Nonlinear optical test 

The second harmonic generation (SHG) 

productivity of CMA was ascertained utilising a Q-

switched high-energy Nd laser (QUANTA RAY 

Model LAB–170–10), Model HG-4B, high efficiency, 

angle-tuned, and temperature-stabilized. The 

system utilised a second harmonic generator. The 

laser emits pulses with an incident wavelength of 

1064 nm, which are propagated to a second 

harmonic wavelength of 532 nm (green light). The 

system performs at a repetition rate of 10 Hz with 

pulse duration of 6 ns; in this SHG experiment, the 

input energy was evaluated at 7.0 mJ for the 

reference KDP crystal and 1.9 mJ for the CMA 

sample. Compared to KDP, the SHG efficiency of 

CMA produces 27% of the output under identical 

laser input conditions which shows the required 

nonlinear optical properties for photoionic 

applications. 

4. Conclusion 

An organic CMA crystal was prosperous 

synthesized and grown with terrific structural, 

optical, and thermal characteristics. Single XRD 

verifying the CMA crystallizes in a non-

centrosymmetric orthorhombic structure, which 

establishes the suitability of the nonlinear optical 

applications. PXRD results verified the high 

crystallinity and well-ordered nature of the grown 

crystal. The optical analysis revealed mighty UV 

absorption, wide transparency above 350 nm, and 

a high optical band gap of 3.16 eV, demonstrating 

the materials insulating behaviour and optical 

purity. Dielectric studies confirmed a low dielectric 

constant (εr = 1.35), consistent with stable 

polarization and reduced dielectric losses. The 

thermal analysis determined a good thermal 

stability of the melting point, 153 °C. Antibacterial 

tests displayed inhibition, especially against S. 

aureus. Then, the SHG efficiency, measured at 27 % 

of KDP, confirms the nonlinear optical activity of 

CMA. Overall, the results of the CMA crystal 

possesses high transparency, structural stability, 

wide bandgap dielectric loss, and measurable SHG 

efficiency, showing that the material could be used 

in nonlinear optical devices, laser frequency 

conversion, photonic components, and 

optoelectronic applications. 
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