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Abstract

The organic compound 3,5-dinitrobenzoicacid-4-aminoacetophenone has been synthesized and single
crystals were grown successfully by slow evaporation technique using acetone solvent at room temperature.
The powder X-ray diffraction study reveals the crystalline nature of the synthesized compound. The FTIR
spectral analysis is used to identify the various functional groups present in the grown crystal. The thermal
behaviour of the grown crystal has been investigated using Thermogravimetric (TG) and Differential
Thermal analyses (DTA). The dielectric studies of the grown crystal have been performed by using
conventional parallel plate capacitor method. The variation of dielectric parameters such as dielectric
constant, dielectric loss and ac conductivity as a function of temperature and frequency has been studied.
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1. Introduction

The synthesis of novel organic materials with
potential nonlinear optical properties induced
active research in the growth of high quality single
crystals towards technological applications. The
merits of organic materials are their large optical
susceptibilities, lower cut off wavelengths and a
wide optical transparency window in the visible
region. The prominent NLO properties of organic
compounds are due to the presence of delocalized
© electron-conjugated systems. The structure of the
organic materials can be modified to optimize its
nonlinear optical properties. The high NLO
properties of organic materials make them
excellent for device fabrication in optical limiting
and information processing. Organic single
crystals find applications in the manufacture of
LEDs, organic solar cells, organic field effect
transistors etc [1-8]. Hence an attempt has been
made to synthesis novel organic compound from
benzoic acid and acetophenone family with
optimistic nonlinear optical property. In the present
work, an organic compound 3,5-dinitrobenzoic
acid-4-aminoacetophenone has been synthesized
and single crystals have been grown by slow
evaporation method. The grown crystals have been
characterized by powder XRD, FTIR, thermal and
dielectric studies.

2. Experiment

The commercially available AR grade organic
compounds namely 3,5-dinitrobenzoic acid and 4-
aminoacetophenone were used for the crystal
growth process. The 3,5-dinitrobenzoic acid is an
organic non-hygroscopic compound. It has a
molecular formula of C;HsN2Os and molecular
weight of 212.12 g/mol. The non-hygroscopic
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organic compound 4-aminoacetophenone has a
molecular formula of CgHsNO and molecular
weight of 135.16 g/mol. The raw materials 3,5-
dinitrobenzoic acid and 4-aminoacetophenone
were taken in the equimolar (1:1) ratio to
synthesize the organic 3,5-dinitrobenzoic acid-4-
aminoacetophenone compound. The calculated
amount of the raw materials were taken in a
beaker, dissolved in acetone solvent and stirred
continuously for 3 hours using a magnetic stirrer to
get a saturated solution. The solution was then
filtered using Whatman filter paper to remove any
impurities present in the solution. The filtered
solution was then transferred into a beaker and
closed with perforated polythene sheet for the slow
evaporation of the solvent. Good quality single
crystals of the synthesized compound 3,5-
dinitrobenzoic acid-4-aminoacetophenone were
harvested. The purity of the grown crystals was
improved by repeated crystallization processes.

3. Result and Discussion

3.1 X-ray Diffraction analysis

The powder X-ray diffraction pattern of the finely
crushed 3,5-dinitrobenzoicacid-4-
aminoacetophenone single crystal was recorded
using a XPERT-PRO diffractometer with CuKa(A
= 1.54056A°) radiation at room temperature. The
analysis was carried out in the scan range 10 to
70°. The obtained powder XRD pattern of the
grown crystal is shown in Fig. 1. The observed
sharp and high intense diffraction Bragg’s peaks at
the specific 26 angle confirms that the grown 3,5-
dinitrobenzoicacid-4-aminoacetophenone crystals
have good crystalline quality.
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Fig. | Powder XRD pattern of 3.5-dinitrobenzoicacid-4-aminoacetophenone
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3.2 FTIR spectral analysis

The Fourier Transform Infrared spectral analysis is
performed to validate the various functional groups
present in the grown 3,5-dinitrobenzoicacid-4-
aminoacetophenone single crystal. The FTIR
spectrum was recorded using a Perkin Elmer
Spectrum Two FTIR spectrometer by the KBr
pellet technigue in the wavenumber region 4000-
400 cm™. The obtained FTIR spectrum of the
grown crystal is shown in Fig. 2. The IR
absorption peaks observed at 3478 cm™ and 3379
cm? correspond to asymmetric and symmetric
stretching vibration of the primary aromatic NH,
group. The aromatic =(C-H) stretching vibration is
confirmed by the IR peak at 3096 cm™. The IR
absorption peak at 2926 cm™ is assigned to the C—
H symmetric stretching vibration of the methyl
group. The C=O stretching vibration of the
carboxylic acid is characterized by the IR
absorption peak at 1719 cm™. The aromatic ketone
C=0 stretching vibration is confirmed by the IR
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peak at 1643 cm™. The observed IR peak at 1598
cm? is attributed to the aromatic C=C stretching
vibration. The IR absorption peak at 1536 cm™
corresponds to the asymmetric stretching vibration
of the aromatic NO; group. The methyl C- H
bending vibration is characterized by the IR peak
at 1445 cm™. The observed IR peak at 1347 cm™
is assigned to the symmetric stretching vibration of
the aromatic NO, group. The C-C-C stretching
vibration of the aromatic ketone is confirmed by
the IR absorption peak at 1273 cm™. The IR peak
at 1175 cm? is attributed to the C— H in plane
bending vibration of the benzene ring. The IR peak
at 846 cm™ corresponds to the nitroaromatic C-N
stretching vibration. The C- H out-of-plane
bending vibration of the benzene ring is
characterized by the IR peak at 722 cm™. The IR
absorption peak at 688 cm™ is assigned to the
aromatic O-H out-of-plane bending vibration [9-
17].
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Fig. 2 FTIR spectrum of 3,5-dinitrobenzoicacid-4-aminoacetophenone

3.3 Thermal analysis

The thermal stability of the grown
dinitrobenzoicacid-4-aminoacetophenone  single
crystal was  studied by  simultaneous
thermogravimetric and  differential  thermal
analyses. The TG/DTA spectrum was recorded
using Hitachi STA7300 instrument for the
temperature range of 40°C to 760°C in the nitrogen
atmosphere at a heating rate of 20°C/min. he
obtained TG/DTA curve of the grown crystal is
shown in Fig. 3. The TGA curve shows that the
grown crystal is stable up to 214°C. In the DTA
curve, the sharp endothermic peak observed at
129°C is assigned to the melting point of the
grown crystal because there is no significant
Eur. Chem. Bull. 2021, 10(Regular Issue 04), 614 - 620

3,5-

weight loss in the TGA curve at that temperature.
It is also noticed from the TG/DTA curve that the
grown crystal does not undergo any phase
transition up to the melting point. The sharp
endothermic peak in the DTA curve indicates the
good crystalline nature of the title compound.
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Fig.3 TG/DTA curve of 3. 5-dinitrobenzoicacid-4-aminoacetophenone

Melting point, a characteristic property of solid
crystalline materials, is used to identify and
ascertain the purity of different materials. Organic
crystals have weak intermolecular interaction
forces with relatively low bonding energy resulting
in low lattice energy. Hence, the melting and
boiling points of organic crystals are very less
compared to inorganic crystals. The larger organic

molecules have higher melting points because the
strength of the intermolecular interaction forces
increase with the large number of atoms. The
melting point of  3,5-dinitrobenzoicacid-4-
aminoacetophenone has been compared with other
reported organic single crystals and are listed in
Table 1 [18-23].

Table 1: Comparison of melting point of 3,5-dinitrobenzoicacid-4-aminoacetophenone with other organic

crystals

Organic crystal Melting point (°C) Ref
2-hydroxy-4-methoxybenzophenone 67 [18]
4-dimethylaminobenzaldehyde 76 [19]
3,4,5-trimethoxybenzaldehyde 80 [20]
Naphthalene 82 [21]
Benzil 96 [22]
4-nitrobenzaldehyde 107 [23]
3,5_—dinitrobenzoicacid-4- 129 Present work
aminoacetophenone

3.4 Dielectric studies

The dielectric study provides useful information
about the electrical properties of the materials as a
function of temperature and frequency. The
dielectric  behaviour of the grown 3,5-
dinitrobenzoicacid-4-aminoacetophenone  single
crystal was analyzed by Agilent 4284A Precision
LCR meter for various temperatures ranging from
313 K to 373 K. The measurements were carried
out in the frequency range of 20 Hz — 1 MHz by
using the conventional parallel plate capacitor
method. The dielectric constant & was evaluated
from the measured capacitance values by using the
following relation

1 Acrys Aair
fore ( Cair) < crys air Aair Acys
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where Acys and Aqir represent the crystal area and
electrode area respectively. The ac electrical
conductivity oac Of the grown crystal was
determined as follows

Ogc = Ep&rwtand

where g the permittivity of free space, o the
angular frequency and tan o the dielectric loss
factor. The wvariation of dielectric constant,
dielectric loss and ac conductivity as a function of
temperature and frequency are plotted in the Fig.
4(a-c). It is noticed that as the temperature
increases, the dielectric constant, dielectric loss
and ac conductivity value increases. It is also
observed that as the frequency increases, the
dielectric constant and dielectric loss factor value
decreases but the ac conductivity increases. This
indicates the normal dielectric behaviour of the
grown 3,5-dinitrobenzoicacid-4-
aminoacetophenone crystal. At low frequency, the
dielectric constant value was relatively higher
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because of the role of all the polarization reveals the good optical quality of the grown
mechanisms namely, electronic, ionic, orientation crystal with lesser defects. This is an important
and space charge polarization. But at high criterion for material’s photonic and nonlinear
frequency, the dielectric constant value gets optical applications [24, 25].

decreased because of the significant loss of the
polarization mechanisms. The low dielectric
constant and dielectric loss value at high frequency
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Fig. 4(a) Temperature and frequency dependent dielectric constant
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Fig. 4(b) Temperature and frequency dependent dielectric loss
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Fig. 4(c) Temperature and frequency dependent ac conductivity
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The activation energy of the grown crystal was
determined by using the Arrhenius plot as shown

below
_Ea
vac = rvenp (7

where o, indicates the ac electrical conductivity at
any temperature T, oo denotes the pre-exponential
factor, Ea indicates the activation energy, k is the
Boltzmann constant and T the absolute
temperature [26]. The above equation can take the
form as shown below

e = Inoo — ()
nog,. =Ilnoy —|—
kT
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The plot between In cac and1000/T was drawn in
the frequency range 20 Hz — 1 MHz which is
shown in Fig. 4(d). The slope of the Arrhenius plot
is used to calculate the activation energy of the
grown crystal. The frequency dependence of
activation energy is presented in Fig. 4(e). It is
noted that the activation energy decreases with the
increase in frequency. This is due to the hopping
transport mechanism of the charge carriers under
the influence of the applied electric field frequency
[27].
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Fig. 4(d) Plot of In o4 versus 1000/T for various frequencies
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Fig. 4(e) Frequency dependence of activation energy

4. Conclusion

The organic compound 3,5-dinitrobenzoicacid-4-
aminoacetophenone was synthesized and single
crystals were grown by slow evaporation solution
growth technique from acetone solvent at room
temperature. The crystalline nature of the
synthesized compound was confirmed by powder
XRD analysis. The FTIR spectral analysis was
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carried out to confirm the various functional
groups present in the grown crystal. The thermal
stability of the grown crystal was investigated
using TG/DTA spectral analysis. The DTA curve
showed the melting point of the grown crystal as
129°C. The melting point of the grown crystal was
compared with other reported organic crystals. The
variation of the dielectric parameters such as
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dielectric constant, dielectric loss and ac

conductivity as a function of temperature and

frequency was analyzed. The grown 3,5-

dinitrobenzoicacid-4-aminoacetophenone organic

crystal had shown normal dielectric behaviour.
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