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In this study, isoniazid single crystals were synthesized using solvent mediated followed by slow solvent evap-
oration techniques for testing the electro-optics application. Powder XRD analysis was used to record several
scattering peaks for the obtained grown material, and the presence of scattering peak positions results correlated

Sml,cmral . to the reported scattering peak position of the above title compound’s orthorhombic crystal structure. Further,
Optical properties . . . . . .
Dielectric the single crystal XRD analysis confirmed the orthorhombic crystal system based on the obtained lattice pa-

rameters of synthesized crystal. The grown crystal was scanned using an FT-IR analysis, and its chemically
attached functional groups were detected in the spectrum. According to UV-visible studies, isoniazid has a
transmittance value of more than 90 %. In addition, the transmittance behavior of the grown compound changed
significantly depending on its wavelength. The nonlinear optical property study of the grown crystal was
characterized, and the results of the second harmonic generation efficiency values correlate with those of
standard reference crystal. Thermal stability and melting temperature of the grown crystal were investigated
using TG/DTA studies. The temperature vs weight loss plot revealed weight loss in the temperature range of
225 °C to 400 °C for the grown crystal. Using differential thermo gravimetric analysis (DTA), the melting
temperature of the synthesized crystal was determined to be 170 °C. The dielectric constant and dielectric loss
responses of grown isoniazid crystals are found to be less at high frequencies and increase exponentially at low
frequencies due to the presence of polarization effects.

1. Introduction

Many researchers have focused in recent years on the various types
of single crystal developed using different techniques for investigating
the suitability of multifunctional based devices like non-linear optical
and electro-optics modulation based devices; frequency shifting, optical
switching, photonic devices, laser frequency conversion devices, and
optical data storage, among others [1-7]. The above-mentioned multi-
functional devices necessitate high optical transparency, good trans-
mittance in the visible region, a larger optical band gap value, and good
dielectric constant and dielectric loss characteristics. Further, devel-
oping such non-linear optical (NLO) activity and electro-optical char-
acteristics in a single crystal is a difficult task in research laboratory.
Isoniazid crystals and derivate compounds have been grown using
different techniques, and the grown crystals have been analyzed by
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various instrumentation methods [8-10]. Few researchers have inves-
tigated the structural, vibrational and density functional theory (DFT)
studies of isoniazid crystals and derivatives compound [1,8-10]. In
addition, the aforementioned isoniazid compounds have been tested in
biomedical applications, specifically as antitubercular drugs in tuber-
culosis disease [8].

The aim of this work is to synthesize isoniazid single crystals using
solvent-mediated followed by slow solvent evaporation techniques, and
then subject the grown crystal to NLO and dielectric applications.

2. Experimental
The flow chart in Fig. 1 depicts the growing step of isoniazid crystals.

Various concentrations (15, 18, 21, 24, and 27 g) of isoniazid salt
were dispersed in 100 mL of distilled water at various temperatures
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(25 °C to 55 °C) while stirring, and the solubility results are displayed in
Fig. 2. The solubility plots clearly show that as the temperature
increased from 27.5 °C to 52.5 °C, a higher concentration of isoniazid
salt was dissolved, and as a result, the salt gradually became soluble in
water. Finally, a saturated solution was obtained. This was due to the
thermal treatment causing aqueous dissociation. Based on the above
findings, it is possible to identify the solubility and saturation solution of
isoniazid salt. The prepared saturated solution was filtered and opti-
mally closed to control evaporation while maintaining a temperature of
30° C. After 20 days, transparent crystals were formed. Fig. 3 depicts a
photograph of a grown isoniazid crystal. Table.1 shows the detailed
characterizations used in the current work for the synthesized single
crystal.

3. Results and discussion

The powder XRD analysis was used to record the diffraction angles of
the grown isoniazid crystal from 10° to 60°, as shown in Fig. 4. When the
diffraction angle position and corresponding diffraction peaks of the
grown crystals were compared to the reported work [11-13], it was
confirmed that the grown crystal was the formation of the isoniazid
compound. The grown isoniazid compound’s X-ray diffraction peaks
and corresponding diffraction planes were indexed (CCDC No: 847197).
The sharp and intense XRD peaks confirmed the material’s crystalline
nature.

In addition, a single crystal XRD analysis was performed on the
grown material, and the obtained lattice parameter values were
compared with Bhat et al. [14] reported lattice parameter values of
isoniazid material and its results consolidated as shown in Table.2.
Based on the lattice parameter values from Table.2, the grown crystal
belongs to an orthorhombic crystal system, which is compared to the
reported values of isoniazid crystal.

The molecular vibration modes of a grown crystal were recorded
using Fourier Transform Infrared (FT-IR), and its vibration modes were
identified and confirmed as isoniazid. Fig. 5 depicts FT-IR spectrum of
the isoniazid compound’s. Table.3 shows the observed bands as well as
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Fig. 2. Solubility curve of isoniazid crystal.

their vibrational assignments. Table.3 compares the observed bands to
the reported vibrational band values for the respective modes, con-
firming that the synthesized material is isoniazid.

The second harmonic generation (SHG) was confirmed by the
observed emission of green light from the Kurtz powder method [15]. At
an input power of 1.12 mJ/pulse, the SHG value of synthesized isoniazid
was found to be 25 mV. Table.4 compares the experimentally found SHG
signal output of the synthesized isoniazid material to that of the stan-
dard reference crystal SHG value. The inherent charge exchange ten-
dency over the donor-acceptor bridge network and the moderate dipole
moment of isoniazid are the primary factors that contributed to the in-
crease in SHG efficiency of isoniazid crystal over potassium dihydrogen
phosphate (KDP). However, the SHG efficiency of isoniazid crystal was
found to be lower than that of urea crystal [3].

UV analysis was performed on a 1 mm thick as-grown isoniazid
crystal. The transmittance vs wavelength plot, shown in Fig. 6, is char-
acterized in the wavelength range of 200 to 800 nm to examine the
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Fig. 1. Isoniazid single crystal growing process.
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Table 2
Lattice parameters of isoniazid crystal.

Lattice parameters Bhat et al. [14] In this present work

a 14.915 A 14.803 A
b 11.400 A 11.375 A
c 3.835 A 3.854 A
o 90 90
B 90 90
Y 90 90
v 652.06 A® 648.9 A3
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Fig. 4. Powder XRD pattern of isoniazid crystal.

quality of synthesized isoniazid crystal transparency. This optical mea-
surement reveals that the crystal is transparent more than 90 % in the
visible wavelength range of 380-800 nm. UV transmittance increases as

FT-IR vibrational band assignments of isoniazid crystal [1,12,13].

Wave number (cm ') Vibration Assignments

3303 NH stretching

3111 CH Asymmetric stretching

3014 C—H stretching

1634 Hy0

1554 C=N stretching

1333 C—N stretching

1140 NHj; rocking

848, 995 CH stretching

745 C—C—C Asymmetric bending

674 C—C—C Symmetric bending
Table 4

Comparison of SHG signal output.

Input power mJ/pulse KDP (mV) Urea (mV) Isoniazid crystal (mV)

1.12 14 70 25

the wavelength increases, up to 394 nm. This type of crystal would be
used in NLO applications due to its optical transmission range in the
visible region. Furthermore, improved optical transmittance in the ob-
tained crystal could be due to factors such as material light absorption of
the grown crystal, improved photochemical stability, lower concentra-
tion of impurities centres, and the absence of intermediate photon
absorbing transition electronic states [3,16-18].

As shown in Fig. 7, the goal of investigating the thermal (TG-DTA,
DSC) analysis for isoniazid crystal is to determine thermal stability.
According to the TGA curve (Fig. 7a), the isoniazid compound is ther-
mally stable up to 225 °C (green arrow mentioned in Fig. 7a). Following
that, in the temperature range of 225 °C to 400 °C, the weight loss was
found to be 92 %. The resulting DTA trace revealed a sharp endotherm
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Fig. 6. UV-vis transmittance spectrum of isoniazid crystal.
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Fig. 7. (a) TGA and (b) DTA curve of isoniazid crystal.

peak at 170 °C (blue arrow in Fig. 7b). It refers to isoniazid’s melting
point [11].

The dielectric constant vs logarithmic frequency plot at all temper-
atures (Fig. 8a) revealed that higher dielectric constant values were
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Fig. 8a. Dielectric constant vs Log f plot of as-grown isoniazid crystal.
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detected at lower frequencies up to 2 Hz, but dielectric constant values
gradually decreased as the frequency level increased. Further, as the
frequency level increases from 2 Hz to 7 Hz, dielectric constants appear
in a steady state [19]. The presence of electronic, ionic, space charge and
orientational polarization may cause a high dielectric constant at lower
frequency levels because many electric dipoles are aligned in a partic-
ular direction [19]. When the synthesized crystal was applied at a higher
frequency, a constant movement of dielectric constant values was
observed, which could be attributed to the only contribution of the space
charge polarization effect and the absence of the remaining polarization
effect. The inability to align the dipole moment in a specific direction is
another cause of constant dielectric loss movement. Furthermore,
dielectric loss behaviour changes were observed at the applied fre-
quency level from low to higher regions at various temperatures (313 K
and 343 K) due to the presence or absence of the above polarization
effect using confirmed logf vs dielectric loss plots (Fig. 8b).

Because of the lower dielectric constant of the as-grown crystal,
lower polarizability occurred, resulting in low power consumption and
decreased RC delay, as well as an increase in the material’s SHG effi-
ciency. In addition, the lower dielectric loss of isoniazid crystal reveals
its high optical quality and low active imperfections [20-23]. Isoniazid
crystal’s lower dielectric properties imply that it is used for SHG and
photonic-based devices.

4. Conclusion

A single crystal of isoniazid material was successfully grown using
the slow evaporation technique. Various concentrations of isoniazid salt
were dispersed in distilled water under magnetic stirring at different
temperatures, and the saturation solution of isoniazid salt was deter-
mined using a solubility test. The observed strong diffraction peaks from
the as-grown crystal’s XRD pattern and lattice constant, which are
closely matched with the reported XRD pattern and unit cell parameters
of the isoniazid compound. Single crystal XRD measurements also
confirmed that the crystal is an orthorhombic system. In the synthesized
crystal, the FT-IR was used to identify the chemically attached various
vibrational bands and their corresponding functional groups. Optical
transmittance spectrum studies show that the crystal’s transparency is in
the 395-800 nm range, indicating that it has the potential to be used in
opto-electronic devices. According to TGA results, the isoniazid com-
pound is thermally stable up to 225 °C. DTA analysis was used to
determine the melting point of isoniazid at 170 °C. The SHG test
revealed that as-grown isoniazid crystals outperform the standard
reference crystal KDP. The dielectric studies revealed that the isoniazid
crystal has a lower dielectric constant and dielectric loss, indicating that
the good optical quality and fewer active imperfections and their con-
sequences would be suitable for SHG and photonic-based devices.
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Fig. 8b. Dielectric loss vs Log f plot of as-grown isoniazid crystal.
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