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Abstract: Electrical properties of some new cyclopentenone derivatives have been studied. The structures of prepared
samples were characterized by (UV), (XRD) and (SEM). The dependence of electrical properties such as o, c,., € and
€" on frequency and temperature were studied at frequency range from 50 Hz to 5 MHz and the temperature range from
25°C to 140°C. It was found that, €' decreased with increasing frequency while it increases with increasing temperatures
within the used ranges. Moreover, dielectric constant is structural dependent which is obvious from the variation of
dielectric constant for each sample. Ac-electrical conductivity increased with increasing frequency which was attributed to
the polarization of the charge carriers. The temperature dependence of dc-electrical conductivity show typical Arrhenius
relation for the three prepared samples. The activation energy calculated from Arrhenius equation and the results are
discussed in detailed.

Key words: organic compounds, preparation, cyclopentenone derivatives, dc- and ac-electrical conductivity, dielectric
properties

1. Introduction

Now days the scientists and engineers devoted their attention to study the different types of organic compounds
especially n-conjugated one to shed light on its semiconducting properties. Organic semiconductors (OS) vary from
inorganic one in several ways, for example electronic, optical, structural and chemical properties. OS gained scholars
attention because of their potential to replace inorganic solar cells due to their lightweight, low-cost and easy fabrication
and its importance in many applications as organic light-emitting diodes (OLED), electrochemical transistors and recently
in bio-sensor applications' **. Literature review show that there is only a few studies on the dielectric behavior which
gives information about the distribution of electric field within the solid ! and electric conductivity on organic compounds.
Low and high dielectric constant are essential in electronic industrial sectors. Low dielectric constant is required basically
as insulators where a material with high dielectric constant is highly desired to satisfy the requirements in high energy
density capacitors. It is also used for applications in low fire multilayer devices and tunable devices from high frequency
to microwave range. The properties of dielectric materials with high dielectric constant make them a new candidates for
voltage-tunable devices such as tunable filter, tunable antenna and phase shifter, etc.

Cyclopentenones are key building blocks for organic synthesis and possess many biological properties ' The
cyclopentenone ring is present in a broad collection of interesting drug targets, natural ' and commercial products .
Also Pyrazoles and their derivatives are well established in the literature as significant biologically active heterocyclic
compounds'”. The pyrazole nucleus (aromatic, two nitrogen atoms in five member ring) exists in a variety of biologically
and pharmaceutical attractive compounds."

Consequently, the synthesis of this type of compounds and a new derivative has attracted considerable attention.
This feature is not only important from a fundamental scientific view point but also for its possible applications wherever
bipolar organic compounds are encouraging candidates to develop further development of the field associated with organic
electronics'”.

Organic electronics is important in many fields of research. The quick progress attention provided to m-conjugated
materials by both academics and industry semiconducting conjugated polymers have been of superb important in organic
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electronics applications !'” photovoltaic cells ' photocatalyst polymers ' and organic batteries'”.

In the present work, the electrical properties as dc-and ac-electrical conductivity, dielectric constant and dielectric loss
of three different prepared samples 1, 2 and 3 are studied at various frequency and temperature ranges after characterization
by UV-Vis spectra, XRD and SEM. Band gap energy values of these organic compounds are calculated from UV-
Vis. spectra. Grain size are calculated from XRD and compared with that measured by SEM. The activation energy is
calculated from the dependence of electrical conductivity on temperature by using Arrhenius equation. Thermal parameters
as enthalpy and entropy changes had been calculated from the value of relaxation times estimated from the dielectric loss
dependent on frequency curves.

2. Experimental

2.1 Preparation of cyclopentenone derivatives 1,2 and 3

3, 4-Diphenyl-4-hydroxy-2-cyclopentenone (sample 1) was synthesized as previously described in the literature
4] While the synthesis of 1,3,6,6a-tetraphenyl-1,6a-dihydrocyclopenta[c]pyrazol-4(3aH) one (sample 2) and
1-(3-Chlorophenyl)-3,6,6a-triphenyl-1,6a-dihydrocyclopenta[c]pyrazol-4(3aH)-one (sample 3) were synthesized using
literature!”. To a mixture of sample 1 (5 m mole), hydrazones chlorides (5 mmole) and triethylamine (1.5 mL) in dry
benzene was heated under reflux. Triethylamine chlorohydrate was removed by filtration, the solvent was evaporated
in vacuum, and the residue was chromatographer on silica gel to give sample 2. The same procedure was repeated with
preparation of 1-(3-chlorophenyl)-3, 6, 6a-triphenyl-1, 6a-dihydrocyclopenta[c]pyrazol-4(3aH)-one (sample 3). The
structures elucidated by spectroscopic techniques as well as elemental analyses and molecular weights were determinate.
2.2 Characterizations studies
2.2.1 UV-Vis spectroscopy

UV-Vis spectroscopy was used to characterize the optical absorption properties of the prepared compounds.
Absorption spectra were recorded in the wavelength range of 190 to 800 nm using a JASCO V360 UV-visible spectrometer.
All spectra were recorded at room temperature. From the UV-Vis Spectra we can calculate the band gap energy (E, eV) by

using the following equation "'

E=h(c/A) )

Where, h is Plank' s constant 6.626 x 10 Joules sec, C is Speed of light 3.0 x 10® meter/sec, A is the Cut off wavelength, 1
eV=1.6 X 10" Joules.
2.2.2 X. Ray diffraction

X-ray diffractograms provided with computer controlled X-ray diffractometer formally made by PHILIPS-MPD X
PERT equipped with copper tube operating at 40KV and 30mA. From the well known Scherer formula equation (2), the
average crystallite size, L, is

L = (KL)/ (B Cosb) 2)

Where A is the X-ray wavelength in the nanometer, k (constant equal to 0.9), and B is the peak width at half maximum
height. The value of B in the 26 axis of diffraction profile must be in radians. The 0 is the Bragg angle and can be in radians
since the cos 6 corresponds to the same number.
2.2.3 Scanning electron microscope

The scanning electron microscope (SEM) images were studied for the prepared samples using a JEDL model 1230.
2.3 Electrical properties

Dielectric properties of the respective compounds have been investigated on the form of pellets of about 10 mm in
diameter which prepared by pressing powdered samples at 10 tons/cm’. The electrical properties were performed by using
HIOKI 3532-50 LCR-Hi Tester. The capacitance data was employed to derive the corresponding real part of the dielectric
constant as a function of frequency and temperature. The dielectric constant ¢' is given by

g'= (Cd)/ (g,A) 3)

Where C is measured capacitance, g, is the permittivity of free space (8.85x10"> F/m) and A is the electrode area and d is
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the thickness.
The imaginary part of the dielectric function was estimated according to the relation

e"=¢tan § @)
The frequencies corresponding to the maximum energy loss F,, are used to calculate the relaxation times from the relation

t=1/(2nF,) (5)

The activation enthalpies AH and the entropy changes AS of dielectric relaxation has been calculated from the slope and
intercept of the plot of In (TtK)/ h against 1/T of equation

Ln (TtK)/ h = AH/T — AS/T (6)

The frequency and temperature dependence of ac — conductivity (o,.) are determined from the measured values of the
resistance for the sample under test .The ac - conductivity was calculated using the relation

cac=L/R,a (7
Where R, is the sample resistance, a is the cross sectional area of the sample and L is the thickness of the sample. Then
calculating frequency exponent S from power low relation

0,.=Aw’ (8)

Where o, is the ac-conductivity, o is the angular frequency, A is constant, S is frequency exponent.
For dc-electrical conductivity studies, the dependence of conductivity on temperature were determined by plotting log o
versus 1000/T we found that it obeys Arrhenius relationship:

o6 =0, exp (-AE/KT) )

Where, o, is the pre-exponential constant corresponding to 1/T = 0, T is the absolute temperature and K is Boltzmann
constant AE is the activation energy which was calculated from the slope

AE, = - (slope) k x 1000 (10)

3. Results and discussion

The cyclopentenone derivatives (samples 1-3) were prepared by the interaction of 3, 4 -Diphenyl-4-hydroxy-2-
cyclopentenone (samplel) with hydrazonyl chlorides and triethylamine and characterized by FTIR spectroscopy, NMR
and mass spectra according to our previously work!"”. Fig. (1) represents the structural formula of the prepared samples.

Figure 1. The structural formula of the prepared samples

3.1 UV-visible spectra
To study the optical properties of the samples 1, 2 and 3, the UV-visible spectra were recorded as shown in Fig
(2). The spectra show good absorption properties with strong peak at 382 nm for sample 1 shifted to higher wavelength
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(bathochromic shift) at 399 and 413 for samples 2 and 3, respectively. This red shift can be attributed to transfer of
electrons from © or non-bonding orbital to unoccupied molecular orbital of greater potential energy resulting from increase
the length of m-system through resonance. The band gap energy listed in table (1) is calculated using equation (1) " by
extrapolations of linear part of Fig. (2).

Figure 2. Uv-vis spectra of samples 1,2 and 3

Table 1. The values of energy gap calculated from UV spectra

Compounds Cut off A (nm) Energy gap (eV)
Sample 1 433 2.86
Sample 2 472 2.60
Sample 3 465 2.67

Substituent within the benzene ring causes bathochromic and hypsochromic shifts of various peaks. However,
qualitative understanding of the effects of substituent on the characteristics of UV-vis spectrum can be considered
by classifying the substituent into electron-withdrawing and electron-donating group. As the number of conjugated
double bonds in sample 2 and 3 are increased, the gap between highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) is lowered. So shifts the absorption maximum to longer wavelength .Regarding
to the values of band gap energy recorded in table (1), it is obvious that the highest value was recorded for sample 1. The
lowest value was recorded for sample 2, where the presence of two nitrogen atoms and conjugated double bonds facilate
the movement of electrons along the structure.

3.2 X-ray diffraction

The inner arrangement of atoms in the crystals of samples 1, 2 and 3 were investigated by XRD as shown in Fig. (3).
It is obvious that the line width decreased in sample 2 and 3 indicated that the samples were homogeneous and are highly
crystalline structure. By using Scherrer equation (2), the grain size of each sample was calculated"®. We found the grain

size of the prepared samples is 31.6 nm for sample 1, 135 nm for sample 2 and 134 nm for sample 3.
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Figure 3. XRD pattern for samples 1, 2 and 3

3.3 Scanning electron microscope

Fig. (4) shows SEM image of the prepared samples. It is shown that the particles of samples 1 and 2 are plates like
shape while sample 3 has a needle like structure. We found the grain size of each sample is in the same range as calculated
from XRD spectra.

Sample 1
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Sample 2

Sample 3
Figure 4. Scanning electron microscope of sample 1, 2 and 3

3.4 The ac-electrical conductivity of studied samples (c,,.)

The ac-electrical conductivity was measured in the temperature range from 25 to 140°C and in a frequency range from
50 Hz to SMHz. The obtained results are plotted in Fig (5) as log versus log frequency at different temperature values.
It is clear that ,. shows a steep increase with increasing frequency. At fixed temperature 40°C the values of electrical
conductivity for sample 1, 2 and 3 at frequency 100Hz are -9.3, -7.8 and -7.7 respectively. These values increased to -5.2,
-3.4 and -2.4 respectively with increasing the frequency to 5 MHz. However with increasing temperature to 140°C o,
increased to -7.9, -5.0 and -5.4 for sample 1, 2 and 3 respectively at frequency 100 Hz. While at same temperature o,
increases to -5.8, -3.4 and -2.3 for sample 1, 2 and 3 respectively with increasing frequency to 5 MH. So the sample 3 is
the highest conductivity due to the presence of electron withdrawal chloride ions which has negative inductive effect (-I)"”.

Regarding to the values of band gap calculated for the prepared samples from UV-vis spectroscopy listed previously
in table (1), it is clear that it is in the range of semiconductor which mean that electrons easily move from valence band to
conduction band by increasing the temperature and no longer strongly bound to specific atoms and migrate freely through
the samples. This explains that the electrical conductivity increases as the temperature increases.

The dependence of ac-electrical conductivity on the frequency obeys the power low equation number (8) that related
to dynamics of hopping conduction mechanism which was observed in crystalline solids"".
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Figure 5. Ac-electrical conductivity of the prepare samples 1, 2 and 3

The values of s representing the degree of interaction between mobile ions and the adjacent environment”". s was
calculated from the slope of the straight line of Fig. (5). Fig. (6), represents the variation of s as a function of temperature.
It is obvious that s values decrease with increasing temperature. It was previously recorded that, for ionic materials s values
ranged from 0.6 to 1% In the prepared samples we found that s decreases from 1.14 to 0.49 in sample 1 and from 1.16 to
0.45 of sample 2 and from 1.13 to 0.49 in sample 3. The decrease of s values with increasing temperature can be referred to
low interactions with surrounding environment that explain the higher mobility of charge carriers. A temperature dependent
and its value is less than unity which suggested that the conduction goes through hopping mechanism™ . However, in
case of s values larger than unity it was reported in crystalline semiconductors “**" and the motion of charge carriers goes

through quantum mechanics tunneling®™.
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Figure 6. Variation of S values with temperature of sample 1, 2 and 3

3.5 The dc-electrical conductivity (o)
The dc-electrical conductivity studies help to know the mobility and activation energy of charge carriers under a dc
field. The Arrhenius plot of log 6, with 1000/T *” is shown in Fig. (7).

Figure 7. Variation of dc-electrical conductivity with temperature

the activation energy listed in Table (2) was calculated from the slope of the plot at low and high temperature range as
equations (9 and 10).

Table 2. the value of activation energy, electrical conductivity at low temperature o, and electrical conductivity o, at high temperature

Sample dc-electrical conductivity Activation energy
log oc (Q-1cm-1) log 6T (Q-1cm-1) Low temperature High temperature
Sample 1 9.5 -8.1 0.76
Sample 2 9.1 -5.4 0.71 0.51
Sample 3 -8.4 -5.6 0.45 0.42

Otherwise, it is obvious that the activation energy decreases in order of sample 3 < 2< 1. This could be attributed
to the increase of number of phenyl groups which increase the conjugation and the presence of nitrogen in sample 2
and chloride atoms in sample 3. The low value of activation energy is due to the hopping of charge carriers between
localized states””. The appearance of two region for sample 2 and 3 which represent intrinsic and extrinsic in dc-electrical
conductivity versus 1000/T is a sign of two types of conduction process, at low temperature less than 350 K is extrinsic a
hopping conduction with AE = 0.71 eV and 0.45¢V for sample 2 and 3 respectively, while at higher temperature above 350
K is an indication of intrinsic, which is conduction thermally activated process and defects created in crystalline lattice is
obvious with AE =0.51 eV and 0.42 eV for sample 2 and 3 respectively.
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3.6 The dielectric studies

Dielectric study measures two fundamental electrical characteristic of materials as a function of frequency and
temperature. This study measures (i) the capacitive (insulating) character, which represents its capability to store electric
charge. (i1) The conductive character, which represents its ability to transfer electronic charge. From this study, the
dielectric constant €' and dielectric loss €" can be determined. In the absence of electric field, the electrons are distributed
around the nuclei. When alternating electric current is applied, the electron is around in the opposite direction. Therefore,
the molecules act as an electric dipole and three type of polarization were found dependent on the frequency of the
electric field. Small displacement of electrons from the nucleus is electronic polarization, distortion of atomic position in
a molecule is atomic polarization and the tendency of dipoles in polar molecules to align by the electric field is orientation
polarization. Obviously the electronic polarization is able to follow in phase with the changing electric field compared
to atomic polarization which in turn better able to follow the oscillating electric field when compared to the orientation
polarization.

3.6.1 The dielectric constant of prepared samples

Dielectric constant is one of the essential electrical properties of solids; it measures how the electric field affects on
the polarization of the materials®".

The variation of €' is verified in Fig. (8). Qualitatively, €' of the three samples has nearly the same frequency behavior
where at low frequency there is a dispersion of the molecules according to the oscillation of the electron in the electric field
after which at high frequency the dielectric constant is independent on frequency. Generally, the dielectric constant affected
by the ionic and electronic polarization, deformation of ions and nature of the materials. The presence of delocalized
electron in the phenyl ring enhanced their polarizability”™”. So the electronic structure and polarizability of oxygen in
sample 1, oxygen and nitrogen in sample 2 and the addition of chloride atom in sample 3 are responsible for the variation
of €'

Figure 8. Variation of dielectric constant &' with frequancy at different temperature of samples 1, 2 and 3
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The values of €' of sample 1, 2 and 3 at 40°C and 100 Hz are 44.9, 16500 and 138 respectively decreased to 2.9, 3.1
and 14.6 respectively at 5 MHz. However with increasing temperature to 140°C, the dielectric constant was increased to
47.9, 60200 and 8920 respectively. At low frequency the dielectric constant has high value due to lattice vibration, dipole
orientation, jump of electrons and space charge polarization™”. With increasing temperature the electron can jump out of

the sites with low free energy barriers to collect at sites with high free energy barriers in the electric field direction, this
leads to polarization and therefore higher &' **!

Fig.(9) shows the variation of dielectric constant €' as a function of temperature at radio frequency 1 KHz and
microwave frequency 1M Hz. At 1M Hz the variation is the same in all samples. While at low frequency the dependence is
weak over the temperature range of sample 1, up to 40°C for sample 2 and up to 80°C for sample 3.

20

sample1
. ’/\_/_k_‘/)
s 10 J —&— 1KHz
Qe TMHZ
5 U
S o - B
o T
o 20 40 10 80 100 120 140 160
300
sam ple2

160
150

100 1

o 20 40 60 80 100 120 140 160

temp.,'c

Figure 9. variation of dielectric constant of sample 1,2 and 3 with temperature at frequency 1 K Hz and I M Hz

It is worth to note that for the increase of €' of sample 2 above 40°C and then followed by a decrease at 60°C then
increase again with increasing temperature above 80°C as shown in Fig. (9) May be due to nomadic polarization, which
arises from the extreme increase in the number of free carriers with increasing temperature and contribution of more
number of dipoles and inter ionic forces of the crystal which become weak™”.

Certain structures display a higher polarization than the others. The presence of highly polarized aromatic rings
increase €'. The © bond in the aromatic rings is loosely attached compared to the sigma bond therefore it is easily polarized.
For large size_atoms like bromine and iodine, the electron cloud is so large and further independent of the influence of
electrostatic attraction of the positive nucleus. It is expected to display a high polarizibility. This is as oppose chloride
which has small atomic radius (1.6 A°) and intense negative charge. It is able to hold the electron cloud much tightly
resulted in a low polarizability. This will induce a lower dielectric constant as recorded for sample 3 which has less
dielectric constant value than sample 2. However, at high frequency, the charge carriers cannot relax as rapidly as the time

variation of the field, so the charge swinging lag behind this field, leads to decrease of €' which enables these compounds to
be suitable for electro-optic applications”

3.6.2 The dielectric loss (")

Dielectric loss €" similar to dielectric constant € depends on temperature and frequency of applied electric field.
Dielectric loss €" is displayed in Fig.(10). At low frequency and all temperature, a strong dependence is observed, while in
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sample 2 at higher frequency " approaches to a constant and low values. The electronic structure and charge accumulation
will perform an important role in €" in this organic compounds. At high frequency region, an absorption maximum peak in
the dielectric loss spectra is high due to the accumulation of ionic charges"”.
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Figure 10. Variation of dielectric loss with frequency at different temperat of samples1, and 3

The relaxation time (t) was calculated using equation (5)"". For sample 1 and 3 the value of T depends on frequency
and temperature. The enthalpy and the entropy of the relaxation process are calculated by using usual rate equation (6).
The enthalpy AH is determined from the slopes and entropy AS from the intercept of the fitted lines of In (kT t /h) and the
reciprocal of the temperature. The values of relaxation time, enthalpy AH and entropy AS listed in Table (3)

Table 3. The apparent relaxation times 7, the activation enthalpies AH and the entropy changes AS for sample 1 and 3

Logt AH AS
Sample 1 0.044 0.043 - 0.046  0.068 0.079  2.4x10° -59.7
Sample3  0.049  0.056  0.067  -eceeceeeee- 4.4x10° 7715

The dielectric relaxation time of sample 1 and 3 was calculated from the maximum absorption bands. The activation
enthalpies AH for sample 1 is 2.4x10° KJ/mole and 4.4x10° KJ/mole for sample 3 as listed in table (3). The values of the
entropy changes of dielectric relaxation AS were -59 and -77.15. The values of entropy are negative indicating that the
relaxation process is the rate determining factor.

4. Summary and conclusions

In this work, the cyclopentenone derivatives were prepared. Structural analysis was carried out for all the studied
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samples using XRD patterns and SEM explains that all the studied compounds have a definite crystalline structure.
The band gap energies were calculated from UV-Vis. spectra and its values are 2.86, 2.6 and 2.67 for sample 1, 2 and 3
respectively.

The capacitance data of cyclopentenone derivatives were employed to study their dielectric properties. Electrical
properties as dc- and ac-electrical conductivity are affected greatly by temperature and frequency.

The increase of conductivity with frequency may be due to decrease in space charge polarization. The frequency and
temperature dependent c,, obey the power law. The exponent s is less than unity and decreases with increasing temperature.
Analysis of o, data signifies that the correlated barrier hopping (CBH) model is the most suitable mechanism for o,
behavior. And when s is more than unity the tunneling is suitable mechanism. The values of activation energy of samples
1, 2 and 3 were calculated by Arrhenius equation and have the values of 0.76, 0.71 and 0.45 eV respectively and at high
temperature is 0.51 and 0.42 eV for sample 2 and 3 respectively.

Qualitatively, the behavior of the dielectric constant of three samples as a function of temperature and frequency were
similar, but with difference in their values. This variation in the values might be due to its structure and accumulation of
charges in the sample. The dielectric relaxation time, activation enthalpy and entropy were calculated for samples 1 and 3.
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