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Abstract: By slowly evaporating 4-bromo-2-methylbenzonitrile at room temperature, it was possible to make
a single organic nonlinear optical crystal. The grown crystal's crystalline nature was verified, and the unit cell
characteristics are provided as a = 408A,b=6.61 A, c=28.93A, o =90°, B =90, y =90°. The functional groups
of the crystal produced were identified using the FTIR and FT-Raman spectra. The UV cutoff wavelength is
found at 221.6 nm, and the transparency nature of the crystal was analyzed in the optical studies. The band
gap of the grown crystal was estimated using the Taucs’ plot. The violet and red emissions of
photoluminescence are discussed. A high dielectric constant was received at a low frequency. The TG/DTA
curve shows that the grown crystal was stable up to 125.59 °C. The Kurtz-Perry powder technique was applied
to confirm the Second Harmonic Generation's (SHG) nature. By using the agar diffusion method, the
antibacterial property of the grown 4B2MBN crystal was determined.
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1. Introduction

In recent years, researchers have been doing intensive research to fabricate and develop good-
quality nonlinear organic optical (NLO) materials [1]. These materials are composed of organic
compounds, which contain carbon-based molecules, and are specifically designed or synthesized to
exhibit enhanced nonlinear optical effects. Organic nonlinear optical crystals that are of good quality
should have a large NLO coefficient, be transparent in the UV-visible range, have a high laser damage
threshold, and be easy to grow in larger sizes [2]. The key advantage of using organic NLO materials
is their ability to exhibit large optical nonlinearities while maintaining desirable optical and
mechanical properties. They can be engineered with tailored properties such as high transparency,
high damage thresholds, and a wide range of operating wavelengths, including the visible and near-
infrared regions of the electromagnetic spectrum. Organic NLO materials can be categorized into
various types (organic chromophores, organic polymers, Organic crystals, and organic thin films)
based on their molecular structures and the underlying physical mechanisms that contribute to their
nonlinear optical response.

By altering the chemical structures of organic materials, the nonlinear optical property can be
tuned [3]. Molecular engineering and chemical synthesis were used to refine the properties of the
organic compound [4-6]. Due to their large optical nonlinearity and flexibility in synthesis, organic
nonlinear optical materials get more attention than inorganic materials [7-9]. In comparison with
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inorganic materials, organic materials have better frequency conversion efficiency because of the
presence of a polarized m conjugation system. The demand for new nonlinear optical materials is due
to the revolution in laser and electro-optic devices. NLO materials are also used in the areas of
telecommunications, information processing, optical computing, photonics, color display, high-
density optical recording, and medical diagnostics due to their potential applications as optical
switches, modulators, frequency converters, and optical signal processing components [10-14].

Nitriles act as the base compounds for the synthesis of a variety of organic functional materials
having triazole, imidazole, or thiadiazole moieties, and nitriles are a proximate neighbor of azoles
and hydrazoles [15]. For various industrial applications, nitrile derivatives are used [16]. Compound
4-bromo-2-methylbenzonitrile (4B2MBN) has both the electron acceptor group (methyl- and -CN)
group and the electron donator group (bromo-) group. There is a possibility of charge transfer
through the donor-p-acceptor system, which is an additional advantage for the frequency conversion
application. D. Britton reported that the 4-Bromo-2,6-dichlorobenzonitrile crystal was grown and that
its crystal packing has a short distance [17]. The crystal structure of 2,6-dibromo-4-methylbenzonitrile
was reported earlier by W.E. Noland [18]. No reports were presented to analyze the properties of the
compound 4-bromo-2-methylbenzonitrile crystal. Hence, the target crystal is grown by the slow
evaporation chemical method. Though there are various crystal growth techniques available, the
chosen method for the present crystal growth has advantages, viz., cost-effectiveness and the ability
to grow a novel crystal structure. This paper describes the growth and its various properties, like
structural, compositional, optical, photoluminescence, thermal, dilectric, and antibacterial behaviors,
of 4B2MBN crystal.

2. Materials and Methods

The chemical 4-bromo-2-methylbenzonitrile crystallized when 4B2MBN salt was mixed with the
solvent ethanol. To obtain the fine, clear solution, the 4B2MBN solution was magnetically agitated at
room temperature for approximately 6 hours. The solution was removed using Whatman filter paper.
The transparent 4B2MBN filter-out solution was covered with a perforated layer, and the surplus
solvent was then allowed to evaporate using a slow evaporation approach. After the development
stage for approximately 15 days, a growth of the transparent single crystal was observed, as depicted
in Figure 1.
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Figure 1. Grown 4B2MBN crystals.

Several ways were used to describe the 4-bromo-2-methylbenzonitrile (4B2MBN) crystal that
was made. By employing the single crystal X-ray diffraction method and a BRUKER KAPPA APEX
I CCD diffractometer with MoK (A = 0.71073 A) radiation, the unit lattice dimensions were
determined. With the help of a BRUCKER D2 phaser and powder X-ray diffraction, an unknown
crystalline substance was found, and using Rietveld refinement, its crystal structure was figured out.
Using a Bruker APHA T spectrometer with a resolution of 0.9 cm between 4000 and 400 cm!, the
vibrational spectra were traced out. The vibrational spectrum using FT-Raman was confirmed using
the ENWAVE Optronics: EzZRaman N-Analyzer, with the 785nm wavelength laser beam in the region
of 3200 - 100 cm. A Systronics 2022 spectrometer was used to record the UV-visible absorption
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spectrum between 200 and 800 nm. Using nitrogen and a SII Nano Technology Exstar 6300 analyzer,
the TG/DTA spectrum was captured over the temperature range of 0 °C to 1300 °C. The pulsed
Nd:YAG laser was utilized in conjunction with the Kurtz-Perry powder technique to examine the
second harmonic production of the formed crystal. Using a Perkin Elmer LS 45 fluorometer, the
emission and excitation spectra are measured in the 200-900 nm region. The Jognic 281 6B LCR meter
is used to conduct the dielectric studies in the frequency range of 50 Hz to 200 kHz.

3. Results and Discussion

3.1. Single Crystal and Powder X-ray Diffraction

Single crystal X-ray diffraction and powder X-ray diffraction are two commonly used techniques
in the field of crystallography to study the atomic and molecular structure of materials. While both
methods involve the interaction of X-rays with a crystalline sample, they differ in terms of the nature
of the sample and the type of information obtained. Single Crystal X-Ray Diffraction techniques have
been carried out with MoKa (A = 0.71073 A) to identify the cell dimensions. The Single Crystal X-
Ray Diffraction investigation reveals that 4B2MBN corresponds to the orthorhombic crystal structure
with unit cell parameters a=4.08 A, b=6.61 A, c=23.99 A and a=p=y = 90° and V=782 A3,

3.2. FTIR Spectral Analysis

Fourier Transform Infrared (FTIR) spectroscopy is a technique used to analyze the infrared
absorption or transmission of a sample. It provides information about the functional groups and
chemical bonds present in a molecule, making it a powerful tool for structural identification and
characterization of organic and inorganic compounds. Functional groups present in the grown
4B2MBN crystal were investigated using the FTIR and FT-Raman spectra. The recorded spectrum of
FTIR was illustrated in Figure 2, and the FT-Raman spectrum was illustrated in Figure 3. Functional
groups existing in 4B2MBN have been identified from the FTIR and FT-Raman spectra and are
summarized in Table 1.

Table 1. Vibrational assignments of 4B2MBN.

1
e Corresponding functional groups

FTIR FT-Raman
3063, 3025 C-H stretching
2981 C-H asymmetric stretching vibration
2923 C-H symmetric stretching vibration
2784 C-H deformation overtones
2217 2332 C-N stretching vibrations
1743 C-H bending vibration
1699, 1542 C=C bending vibrations
1518 1516 C=C stretching vibration
1426 1418 C-C stretching vibration
1383 1388 CH3 symmetric bending vibration
1166 1196 C-H skeletal vibration
1111 1130, 1100 C-H symmetric deformation vibration
853 C-H bending vibration
803 C-H out of plane deformation vibration

608 608,564 C-Br stretching vibration
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Figure 2. FTIR spectra.
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Figure 3. FT-Raman spectra.

3.3. UV- Visible Spectra: Investigation

UV-visible spectroscopy is a widely used technique for studying the interaction of ultraviolet
(UV) and visible light with molecules. It provides information about the electronic transitions and
absorption properties of a sample. In the application of laser frequency conversion, the prominent
optical parameters are the absorbance band, transparency cutoff, and transmission range [19,20]. The
optical characteristics of a 4B2MBN crystal were examined using UV-vis analysis, and the resulting

spectrum is shown in Figure 4.

Wave Number (cm-1)
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Figure 4. UV-visible spectra.

UV spectral analysis revealed the material's electronic structure and optical band gap, and the
spectrum shows expert understanding of the material's electronic transition [21]. For the grown
4B2MBN crystal, the analyzed optical cutoff from the UV spectrum was observed at 264.8 nm. Since
the absorption along the whole visible region was low, it substantiates the eligibility for the
production of nonlinear optical devices [22]. Figure 5 depicts Tauc's plot [23] that was created
between (ahv)?and (hv). The linear section of the picture was extrapolated to determine the band gap
of the produced material, which was found to be 4.75 eV. A larger band gap and high transmittance
in the visible region confirm the dielectric nature of the material [24].
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Figure 5. Tauc plot for band gap determination.

3.4. TG/DTA Studies

Thermogravimetry Differential Thermal Analysis, often known as TG/DTA, is a thermal
analyzer that can simultaneously measure a sample's various thermal properties in a single
experiment. The TG component measures the temperatures at which oxidation, reduction, or
breakdown take place [25]. The thermogravimetric and differential thermal analyses determine the
thermal characterization of the grown 4B2MBN crystal by using alumina as the reference. The
TG/DTA analysis spectrum was recorded in the range of 30-800 °C as shown in Figure 6. There was
no weight loss up to 98.35 °C in the TG spectrum. So decomposition starts from here and ends at
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202.72 °C which eventually decreases gradually to zero weight. The endothermic peaks observed at
74.1°C and 199.82 °C were due to decomposition. Therefore, the grown 4B2MBN crystal was stable

until 98.35 °C.
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Figure 6. TG/DTA analysis.

3.5. Second harmonic generation

Second harmonic generation (SHG) is a nonlinear optical process in which two photons of the
same frequency combine within a nonlinear material to generate a single photon with twice the
frequency (half the wavelength) of the incident photons. It is a process that occurs in materials with
non-centrosymmetric crystal structures or in certain artificially engineered structures. The 1064 nm
Nd: YAG laser beam was utilized in the Kurtz-Perry technique to analyze the initial investigation of
SHG conversion efficiency [26]. The grown 4B2MBN crystals are the first to be ground into small,
same-size particles. Afterward, the ground particles are filled up in the invariable bore capillaries,
and then they are subjected to laser radiation. It gives a second harmonic signal of 210 mV. For the
reference material, the KDP crystals are finely ground to the same particle size. With the same input
energy, the reference KDP crystals show a second-harmonic signal of 80 mV. Compared with the
reference KDP crystal, the intensity of the bright emission of the grown 4B2MBN crystal efficiency
was 2.625 times that of KDP.

3.6. Photoluminescence Spectra investigations

Photoluminescence (PL) spectroscopy is a technique used to study the emission of light from a
material after it absorbs photons and undergoes a radiative recombination process. It provides
information about the electronic structure, energy levels, and optical properties of the material. The
photoluminescence spectra of 4B2MBN crystals are recorded, and the emission spectra are illustrated
for the excitation wavelength of A =320 nm in Figure 7a and the excitation wavelength of A =350 nm
in Figure 7b. Figure 7a shows the predominant emission peak at 428 nm (violet) and minor emission
peaks at 647 nm (red) and 833 nm (Infrared). Figure 7b shows two peaks at 427 nm (violet) and 706
nm (Infrared). When the excitation wavelength is increased, the violet emission intensity is
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substantially decreased, and the red emission is shifted to the higher wavelength side. A similar
change in photoluminescence was observed in earlier research [27]. This violet emission is received
from the internal part of the crystal [28] and the red emission is ascertained from the interdimeric
interaction [29].
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Figure 7. Photoluminescence spectra of 4B2MBN crystal (a) Excitation wavelength = 320 nm (b)
Excitation wavelength = 350 nm.

3.7. Dielectric behavior

The dielectric properties of a crystal refer to its ability to store and transmit electrical energy
when subjected to an electric field. The electronic structure of the crystal and how charges behave
within the crystal lattice are what determine these characteristics. The dielectric and electro-optic
characteristics of crystals constructed of non-conducting materials are intimately connected. To
polarize the dipoles in an optical material with a high dielectric constant, you need a higher poling
voltage. As a result, the refractive index may change. Polling is not required because of the organic
material's weak dielectric function and low refractive index. The degree of polarization charge
displacement in the crystals determines the size of the dielectric constant. Figure 8 shows the
produced crystal's dielectric constant. It is greater at low frequencies and smaller as the frequency
rises. Materials have high dielectric constants at lower frequencies because of the involvement of
electronic, ionic, dipolar, and space charge polarizations, which vary with frequency [30]. Because
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the dipole does not follow the alternating field of the electric field above a certain frequency, the
dielectric constant often falls with increasing frequency before reaching a constant value. Electrical
conductivity falls as the frequency of the dielectric increases [31].
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Figure 8. Dielectric behavior of 4B2MBN crystal.

3.6. Antibacterial activity

Antibacterial studies involve investigating the effectiveness of substances, compounds, or
treatments in inhibiting the growth or killing bacteria. These studies aim to understand the
mechanisms of action, evaluate the potency, assess the spectrum of activity, and determine the
potential applications of antibacterial agents. The antimicrobial activities of the prepared 4B2MBN
crystal were tested against the bacterial strains K. pneumoniae, E. coli, and Bacillus coagulans. The
National Council for Clinical Laboratory Standards (NCCLS) suggested the agar-well diffusion
technique be used to assess the samples' antibacterial activity. An inoculum containing 106 cfu/mL
of each bacterial culture to be examined was applied to nutrient agar plates using a sterile swab
moistened with the bacterial suspension. Thereafter, 8-mm-deep wells with a volume of 100 uL (25
mg/mL) of sample were drilled into the agar medium and allowed to diffuse for two hours at room
temperature. The plates were subsequently given a conventional antibiotic treatment using upright,
24 h, 37 °C, imipenem (10 pg) antibiotic discs. The widths of the growth inhibition zones were
measured in mm after incubation and reported on the relevant image. The zone of inhibition of
4B2MBN in E. coli, K. pneumoniae, and Bacillus coagulans is shown in Figure 9. According to the
zone of inhibition, Escherichia coli exhibited the highest sensitivity, while Klebsiella pneumonia
showed the least sensitivity among the tested microbes.
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Figure 9. Antibacterial behavior of 4B2MBN crystal.

4. Conclusions

The slow evaporation technique successfully produced a single crystal of 4-bromo-2-
methylbenzonitrile with excellent optical NLO transparency. Analyzing the XRD pattern has proven
that the formed crystal is crystalline. The grown 4B2MBN crystal's functional groups were divided
into groups using FTIR spectrum analysis. The cutoff wavelength of the grown 4B2MBN crystal was
determined using the UV-Vis spectrum, and it was found to be 264.8 nm. The computed band gap
energy was 4.75 eV. By looking at the TG/DTA graph, it was possible to ensure that the solvent did
not exist in the 4B2MBN crystal and that there was no weight loss below 98 "C. The violet and red
emissions were received through photoluminescence analysis. Because the obtained SHG efficiency
of the generated crystal 4B2MBN was 2.625 times that of KDP, the developed 35D2HBA crystals can
be employed as future benchmarks in optoelectronic device applications. Dielectric property is
enhanced at low frequencies, and it finds application in electrical appliances. 4B2MBN showed
excellent antibacterial activity against various bacterial strains (Escherichia coli, Klebsiella
pneumonia, and Bacillus coagulans). Escherichia coli exhibited the highest sensitivity, while
Klebsiella pneumonia showed the least sensitivity among the tested microbes.
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