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Abstract

Objectives: To screen the optical, electrical, fluorescence, dielectric, thermal,
and mechanical behavior of the 3-aminopyridine single crystal for its suit-
ability in optoelectronic applications. Methods: A good single crystal of 3-
aminopyridine (3-AP) was grown by the slow evaporation method. Findings:
The lattice parameters of the grown crystal were determined using a single
crystal X-ray diffractometer as, a = 6.184 (4) A, b = 15.350 (6) A, c = 5.361 (7) A
and the required functional groups C-N, NH, bonds of 3-AP were recognized
by the FTIR studies. The grown crystal was screened using the UV-Vis-NIR spec-
trum to understand the transmission and absorption character of the crystal.
The various optical constants such as absorption coefficient, optical conduc-
tivity, and electrical conductivity of the crystal have been determined from the
UV-Vis transmission plot. The lower cut-off wavelength of the 3-AP crystal was
observed at 250 nm. The band gap of the grown crystal is found to be 4.5 eV.
The emission property of the crystal was studied using fluorescence spectra.
Violet, blue, and red emissions are observed from the fluorescence spectra.
Thermal screening of the 3-AP crystal was performed using TGA and DTA. The
3-AP crystal remains stable up to 220 °C and then the crystal begins to decom-
pose up to 260 °C due to the loss of the -NH,, group of the 3-aminopyridine.
The Vickers hardness test revealed the nature of the material as soft type with
Meyer's index (n) of 2. The electronic polarization behavior of the crystal was
examined using the dielectric study. Novelty: The lower cut-off wavelength of
250 nm, wide band gap of 4.5 eV, excellent transparency in the entire visible
and near-infrared region, violet, blue, and red emission by the material are the
distinguishing and mandatory features for optoelectronic applications. These
features are good as compared to the 3-AP derivatives reported earlier.
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1 Introduction

Crystals play an important role in the field of semiconductors and optoelectronics.
The research in the development of novel organic materials is advancing tremendously
owing to the many advantages of organic crystals the ease of processing in the assembly
of optical devices, high NLO coefficient, large laser damage threshold, wide optical
transparency, large hyperpolarizability, and high thermal stability . Organic crystals
with excellent optical properties are being used in the fields of optical communication,
frequency doubling, photonics, and optoelectronics device fabrication®. One of the
interesting features of organic crystals is that the chemical structure of the molecular
compound can be tuned to get the desired emission wavelength .

Pyridine and their organic derivatives display a large amount of fluorescence in the
crystalline state, being used in signal transmission processing and laser printing®. In
the recent, optical characteristics of amino pyridine derivatives and their utility for the
fabrication of optoelectronic devices were reported ®). The optical properties of amino
pyridine (AP) complexes and their use for the fabrication of optoelectronic devices have
been reported ©. Pyridine is a scaffold in various natural products, drug molecules, and
vitamins. Pyridine scaffolds are found in nature, mainly from plant resources such as
alkaloids and one of the most effective cholinergic drugs atropine (Atropa belladonna),
which holds a saturated pyridine ring.”). The nonlinear optical behavior of the 3-
aminopyridine derivatives such as 3-aminopyridinium 2-amino 5-chloro pyridine, 3, 5-
dinitrobenzoate, 3-aminopyridine 4-nitrophenol, 3-aminopyridine 2, 4-dinitrophenol,
and 3-aminopyridine picrate, 2-amino pyridinium phthalate, 2-aminopyridinium
fumarate fumaric acid has been reported in the literature ¢4,

The applications of pyridine derivatives in optoelectronics, catalytic, photophysical,
organic semiconductors, and electrochemical fields have been reported . The crystal
structure of 3-AP has already been reported in the literature'® " the lattice
parameters of a = 6.186 (4) A, b = 15.298 (6) A, ¢ = 5.713 (7) A, 8 = 110.54 (2)°.
The literature indicates numerous uses for pyridine derivatives; however, the optical,
electrical, dielectric, and mechanical properties of 3-aminopyridine have not been
characterized.

To understand the optical, electrical, dielectric, and mechanical behaviour of
3-aminopyridine we have done the various characterization, and the results are
presented here. The computation of various optical constants and wide transparency
windows indicates that the 3-aminopyridine crystal is suitable for optoelectronic device
fabrication.

2 Methodology

3-Aminopyridine (3g) (AR grade Merck) was dissolved in 30 ml water. The mouth of
the beaker was closed with silver paper and minute holes were put to pave the slow
evaporation of the transparent solution obtained. After five weeks brown color crystals
were obtained. Figure 1 shows the photograph of 3-AP single crystal.
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Fig 1. Photograph of 3-AP crystal

3 Result and Discussion

3.1 Single Crystal X-Ray Diffraction

Single crystal X-ray diffraction study was performed using BRUKER Q8 QUEST Duo X-ray diffractometer. The crystal system
and space group were found to be monoclinic with P2;. The lattice parameter of the 3-aminopyridine crystal was determined
as,a=6.184 (4) A,b=15.350 (6) A, c =5.361 (7) A, a =90.57 (11) °, § = 107.39 (20) °, and v = 90.35 (10) °.

3.2 FTIR Analysis

The Fourier Transform Infrared spectrum of 3-AP single crystal was recorded in a Perkin-Elmer Spectrometer in the range of
4000 cm™ to 400 cm™ using the KBr pellet technique. The C-N stretching vibration is in the region of 1382-1266 cm™ for
aromatic amines!”). Here the peak at 1361 cm™ is assigned to aromatic C-N stretching. At 3349 cm™, the symmetric
NH,, stretching is detected. The range at 1585 cm™! is where the NH,, in-plane deformation vibration is noticed. At 3217 cm™!,
the symmetric NH stretching is detected !”). Figure 2 shows the FTIR spectrum of 3-aminopyridine crystal.
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Fig 2. FTIR spectrum of 3-AP
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3.3 UV-Visible NIR Analysis

The optical transmittance spectrum of a 3-AP single crystal was recorded using a Perkin Elmer Lambda 35 spectrophotometer
in the wavelength range of 200 nm to 1100 nm. The optical transmittance spectrum is shown in Figure 3. The lower cut-off
wavelength of the 3-AP crystal was observed at 250 nm. The spectrum shows 90% transparency in the entire visible and near-
infrared region and there is no significant absorption, suggesting the purity and suitability of the 3-AP crystal for optoelectronic
device fabrication.
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Fig 3. Optical transmission spectrum of 3-AP

3.3.1 Optical Band Gap Energy (Eg)

The atomic and electronic band structures of the produced crystals are proportional to the optical band gap energy!®. Using
equation 1), the optical absorption coefficient (o) was determined.

2. 1
a= ( 37?36> log?m’l (1)

Where t is the crystal’s thickness and T is its transmittance. The optical band gap energy (E,) is related to the absorption
coefficient (o) and photon energy (hv) through the Tauc’s relation 0),

ahv = A (hw—Eg)'/? (2)

The optical band gap energy (E ) of 3-AP crystal was found to be 4.5 eV from the Tauc’s plot which is shown in Figure 4.
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Fig 4. Tauc’s plot
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The value of the wide band gap indicates its suitability for optoelectronics applications ?!. Theoretically, the optical band
gap energy of 3-AP crystal was calculated using the following relations:

e

3 3)

E
where ) is the lower cut-off wavelength (250 nm). The band gap of the grown crystal is found to be 4.96 eV.
3.3.2 Determination of Optical Constants

The reflectance (R) gives the ratio of the energy reflected to incident light from the crystal. The reflectance R in terms of
absorption coeflicient (a) and the thickness of the crystal (t) can be determined using the relation

V/1—exp(—at) +exp(at)

R=1
+ 1+ exp(—at)

Equation can be used to calculate the refractive index n using reflectance data. ??

. —(R+1)+vV—3R?+10R-3
B 2(R—1)

The calculated refractive index (n) value using the above equations for the grown 3-AP is 2.72. Figure 5 shows the reflectance
as a function of wavelength graphically. The reflectance (R) of the crystal was calculated using the following relation

(n—1)°

R= 2
(n+1)

The calculated value of reflectance (R) is 0.2134. Reflectance as a function of wavelength is graphically illustrated in Figure 5.
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Fig 5. Wavelength vs reflectance and wavelength vs refractive index

3.3.3 Optical Conductivity
Optical conductivity is one of the powerful tools for studying the electronic states in materials. Based on the relation, the optical
conductivity (c,,,) has been calculated.

Oop = anc/dr 4)

The variation of optical conductivity with wavelength is shown in Figure 6. As the wavelength increases optical conductivity
decreases.
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3.3.4 Electrical Conductivity
The electrical conductivity of a material is related to the optical conductivity of the crystal using the following equation:

o = 2)\0,,/ (5)

The variation of electrical conductivity with wavelength is shown in Figure 6. As the wavelength increases electrical conductivity
increases.
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Fig 6. Plot of )\ versus

3.3.5 Electric Susceptibility

The electric susceptibility (x.) values are estimated using the calculated extinction coefficient and refractive index values of
3-AP crystal by the below relation:

€, = g + dmx, = n? —k? (6)

xe = (n? —k? —g) /4r (7)

Where ¢, is the permittivity in free space. The complex dielectric constant is given by €, The real and imaginary part of the
dielectric constant from the extinction coeflicient is given as

€. = €, + ig; (8)
e, = n2 —k?2 ©)
€; = 2nk (10)

Where ¢,.and ¢; are real and imaginary parts of the dielectric constant. The electric susceptibility is calculated as x . = 5.8214.
The real ¢,. and imaginary ¢, values of the dielectric constant are 7.4158 and 3.0991x10°°

3.4 Fluorescence Analysis

Compounds that are aromatic or have several conjugated double bonds with a high degree of resonance stability exhibit
fluorescence. Fluorescence analysis is the most important nondestructive method for assessing the energy state transitions,
surface interfaces, and flaws in materials ®¥). Tt therefore finds huge application in biomedical and photonics. The fluorescence
spectrum of the grown 3-AP crystal was recorded in the range of 300 nm to 900 nm using the Perkin Elmer model LS-45
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fluorescence spectrometer. Figure 7 shows the 3-AP emission spectrum. There are four categories of fluorescence peaks in
the spectra. The first emission peak is observed at 361 nm which is due to visible violet. Violet light is used in applications
including optical disc drives, and violet lasers are used in blue-ray disc players, optical disc drives, and optical communication
systems. Violet and ultraviolet light are being used for high-speed data transmission. The second peak at the wavelength of 468
nm is due to the emission of blue. The sharp peak at 648 nm shows the emission of red and the peak at 778 nm is due to the
emission of red. Red fluorescence is used in a variety of applications including analytical fluorimetry and biomedical research.
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Fig 7. Fluorescence emission spectrum of 3-AP

3.5 TGA/DTA/DSC

Thermal behavior provides information on the crystal’s stability and melting point. The TGA curve gives the quantitative
measurement of mass change associated with the transition. The thermal stability of 3-AP crystal was screened by a Perkin-
Elmer Thermo Gravimetric Analyzer (TGA) with Differential Thermal Analysis (DTA) in the air atmosphere with a heating
rate of 2 °C / min with the temperature range of 50 °C to 800 °C as shown in Figure 8. The absence of water in the molecular
structure during crystallization is confirmed by the absence of weight loss at 100 °C. The 3-AP crystal remains stable up to 220
°C and then the crystal begins to decompose up to 260 °C due to the loss of NH,, group of the 3-aminopyridine and the total
weight loss of the compound is 65 %. Further decomposition begins at the temperature of 255 °C and considerable weight loss is
observed at the temperature of 800 °C, is due to the volatilization and decomposition of the material. The good thermal stability
of 3-AP crystal indicates that it can be used as a candidate for device fabrication in optoelectronics. The recorded TGA and
DTA spectrum of a 3-AP single crystal is shown in Figure 7.
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Fig 8. TGA/DTA curve of 3-AP
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Itis observed from the DTA spectrum, that endothermic and exothermic peaks are noticed at 185 °C and 260 °C respectively.
This is followed by an exothermic peak at 260 °C which coincides with decomposition observed in the TGA curve. The sharpness
of the peak shows a good degree of crystallinity in the sample. The results of TGA and DTA show that the material can be used
for optoelectronic applications up to 185 °C.

3.6 Microhardness Analysis

Microhardness study was carried out in the 3-AP crystal for various loads from 10 to 100 g with a constant time of indentation
(10s) using a Shimadzu MHV-G21 micro hardness tester fitted with diamond pyramidal indenter. The diagonal length was
measured for each instance, and the average was determined. The Vickers hardness parameter (H,,) is calculated using the
formula %

o 1.8544z P

v 5 kg/mm? (1)

where P is the applied load and d is the average diagonal length of indentation. For an applied load above 100 g, the crystal
begins to crack. A graph was plotted between H,, versus load P as shown in Figure 9. This demonstrates that when the stress
increases, the hardness value decreases, which indicates that 3-AP exhibits a normal indentation size effect (ISE). The load and

indentation diagonal length are related by Meyer’s law, which is used to calculate Meyer’s index number ¥
P=A=Kd" (12)
where A is an arbitrary constant.
log P = log K + n log d (13)

Here, K is the material constant and n is Meyer’s index (or) work hardening coeflicient, which characterizes the material
category. Figure 9 shows the plot of log P versus log d fitting data using the least-squares fit method and the value of n was
found to be 2. Since the work hardening coefficient of the developed crystal in this study is more than 1.6, the grown crystal
3-AP belongs to the soft material and will thus readily permit light to pass through ?°).
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Fig 9. Load P versus hardness number H,, and log d versus log P

3.7 Dielectric Analysis

The dielectric studies on 3-AP crystal have been carried out using Jognic’s Model 2816B LCRZ Meter. The presence of all
polarizations including space charge, orientation, and electric and ionic polarizations can be responsible for the high dielectric
constant value at low frequencies®”. The material absorbs electrical energy which then dissipates as heat. This dissipation
of energy is called dielectric loss?” Equation &’ = ¢ tan § has been used to calculate the crystal’s dielectric loss; ¢ is the
dielectric constant and tan ¢ is the dispersion power factor. It may be that in a certain frequency range w, <w < wj the value
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of &’ (w) becomes negative; this corresponds to the high dielectric strength of the oscillator and its low damping. Frequency
dependence of losses (¢”) in the range of dispersion is characterized by a maximum at frequency w = wg. The plot of frequency
versus dielectric constant and dielectric loss is shown in Figure 10. With the low dielectric loss and dielectric constant at high
frequencies, this material can be used in optical applications.
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Fig 10. Variation of dielectric constant and dielectric loss with frequency

4 Conclusion

This study presents evidence for the 3-aminopyridine crystal as a suitable candidate for optoelectronic device fabrication. A
brown color crystal of 3-aminopyridine (3-AP) was grown by the slow evaporation method. The single-crystal XRD diffraction
studies show that the grown crystal belongs to a monoclinic crystal system. The functional group NH,, present in the 3-AP single
crystal was identified by FTIR spectral study. The UV-visible NIR transmittance spectrum shows the lower cut-off wavelength at
250 nm. The lower cut-oft wavelength, very good transmittance in the UV, the entire visible region, and the near-infrared region
indicate the suitability of the 3-AP crystal for optoelectronic applications. The band gap energy is calculated as 4.5 eV from
Tauc’s plot. The optical characteristics of the crystal such as reflectance, refractive index, susceptibility, optical conductivity, and
electrical conductivity were computed from the UV-Vis NIR spectral studies. Fluorescence spectral analysis shows the emission
of violet and red emission thus confirming the suitability of the 3-AP crystal for optoelectronic device fabrication. The thermal
stability of the 3-AP is high as 220 °C which is an important requisite for optoelectronic device fabrication. Vickers hardness
test shows the crystal belongs to soft type material. The dielectric constant of the 3-AP crystal is high at low frequencies due
to the space charge polarization. The dielectric loss is minimal at high log frequency indicating that the crystal is suitable for
optoelectronic device fabrication. From the above studies, it is confirmed that the 3- AP crystal is a potential candidate for optical
and photonic device fabrication.
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