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Abstract

The structural, thermal and electrical properties of three chloroquinoxaline derivatives are
investigated by X-ray diffraction (XRD) and differential scanning calorimetric (DSC) techniques. It
is found that the chemical composition affected the structure and thermal stability of each derivative.
The dielectric properties of the three derivatives are investigated in the frequency range 100 Hz -
5MHz and in the temperature range 300 - 470 K. The behaviors of the real and imaginary parts of
the dielectric constant is investigated. Also, the AC conductivity as a function of both temperature
and frequency is studied. The charge carrier’s conduction mechanism is found to follow the quantum
mechanical tunneling (QMT) model. The complex bulk modulus is also investigated.
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Introduction

The organic substances are classified as
polymer, monomer and organic compounds.
The investigation of these classes of materials
has created completely new scientific concepts
and potential for their application of perspective
in molecular electronics. They mostly contained
an extended m-electron system which can be
transformed from a semiconducting state to a
conducting state [1]. As active components in
electronics and optoelectronics applications,
they are of increasing interest. Since they are
versatile, low cost and ease of production, they
represent a valid alternative to conventional
inorganic semiconductor technology in a
number of applications, such as flat panel
displays, organic field effect transistors,
photovoltaic  cells, illumination, plastic
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integrated circuits and organic light-emitting
diodes.  Although initial commercial
applications of this technology are now being
realized, a deeper scientific understanding is
still needed in order to achieve optimum
performance of the device [2]. Owing to its uses

in many technical applications. Organic
compounds have gained particular attention
such as: molecular switch, temperature

indicator devices, temperature sensitive light
filters, imaging systems and storage of energy.
In this present work we introduce some
chloroquinoxaline compounds which contain
heterocyclic compounds with benzene ring and
a pyrazine ring. Quinoxaline 1;4 dioxide
provides number of applications in biology [3]
and electronics [4]. It was found that the
presence of functional groups and different
substituted groups on the quinoxaline
derivatives affected their physical properties
[5]. Quinoxaline and its derivatives showed
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non-linear optical behavior and can be applied
in optical devices such as solar cells [6].
Quinoxaline derivatives are also thermally
stable, as they begin to decompose at 200 °C [7].
In this study, the structural, and electrical
properties of three newly synthetized
quinoxaline derivatives in bulk form are
presented. To the best of our knowledge the
structural and electrical properties of these
derivatives have not been investigated yet.

Experimental
Materials

The compounds under investigation in present
work are three heterocyclic Chloroquinoxaline
compounds namely: 8-Chloro-1-oxo-2-phenyl-
1,2-dihydropyrido[3,4-b]quinoxaline 5,10-
dioxide (1), (E)-6-Chloro-3-(2-(4-
(dimethylamino)benzylidene)hydrazine-1-
carbonyl)-2-methylquinoxaline 1,4-dioxide (2)
and (E)-6-Chloro-2-(3-nitrostyryl) quinoxaline
1,4-dioxide (3). These compounds have been
synthesized previously in the laboratory of the
Department of Chemistry, Faculty of Science,
Damietta University by Samy B. Said et al. [8].
The chemical composition of these compounds
is shown in Fig. 1.
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Fig.1: The molecular structural of compounds 1 ,2,
and3

Measurements and Characterizations
X-ray diffraction (XRD) measurements

XRD patterns of the investigated powder
samples are determined by X-ray diffractometer
(Shimadzu XRD 6000). XRD measurements
were performed at a scan rate of 2 degrees per
second with CuKa radiation source (wavelength
of 0.15406 nm), generator voltage of 40 kV,
generator current of 30 mA at room
temperature.

Differential scanning calorimetric (DSC).

DSC is a thermal analytical technique in which
the difference in the amount of heat required to
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increase the sample’s temperature and the
reference is measured as a function of
temperature. DSC measurements are performed
in the temperature range 300 — 673 K using
Shimadzu DSC-50 in nitrogen atmosphere at a
flow rate of 10 mL / min using the aluminum
cell and a temperature increase rate of 10 ° C /
min.

AC Electrical measurements.

The powder of samples 1, 2, and 3 is
compressed by a hydraulic press under a
pressure of 10 tons/cm? at room temperature to
form pellets. The thickness and surface area of
each the pellet is about (0.5 mm and 21 mm?),
(0.58 mm and 25 mm?) and (23 mm and 20
mm?2) for samples 1, 2 and 3, respectively. Silver
paste is used to make Ohmic contacts onto the
two sides of the pellets. The AC electrical
measurements are performed using LCR bridge
model 3522-50 HIOKI. The measurements are
performed in the frequency range 100Hz — 5
MHz and in the temperature range 320 — 460 K.

Results and discussion
X-ray diffraction analysis

XRD patterns for powder compounds 1,2 and 3
are shown in Fig 2. It is noticed that compounds
1 and 2 demonstrate polycrystalline and
amorphous phases due to the presence of many
sharp peaks which are accompanied with a
broad hump at around 20 =25°. Also it is noticed
that compound 3 has no sharp peaks and has
only a hump at 20 ~ 25° Fig 3. This confirms
that this compound has a completely amorphous
phase. To determine the crystal structure of
compounds 1 and 2, Fullproof software [9] is
used to find suitable solutions for the XRD
peaks and Checkcell software [10] is also used
for indexing the peaks. According to the results
obtained from the theoretical analysis by
FullProf and Checkcell software, the best
solutions for the two compounds showed that
they both have monoclinic system but with
different space groups. The best space group for
1 and 2 are P2i/a and P2, respectively. The
lattice parameters for 1 and 2 are presented in
Table 1. Also the calculated miller indices for 1
and 2 are tabulated in Tables 2(ab),
respectively. The average crystallite size, L, can
be calculated by using the following Scherrer’s
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equation [11]:
_ 0584
- ycos g’ (1)

where 1 is the width at the half-maximum peak

intensity, measured in radians, A is the X-ray
wavelength and 0 is the Bragg's angle.). the
values of the average crystallite size for 1 and 2
are calculated and found to be 35.5 nmand 25.6
nm, respectively.

Table 1: Lattice parameters of Chloroquinoxaline derivatives.

Crystal system/

Compound  a(A b (A c(A o ’ ’
p R)  b(A) A) B Y Sace oroup
1 21.4108 12.6393 7.4320 97.67 %0 Monoclinic/
+0.0152 +0.0058 +0.0058 +0.142 P21
) 20.8532 6.7970 16.7048 124.26 %0 Monoclinic/
+0.0282 +0.0043 +0.0243 +0.076 P21/a
Table 2 (a): Miller indices of derivative 1.
P,\fgk 2005 20001 AQ26) hkl
1 8.1304 81304  -0.0052  711p
2 10.8807  10.8807  0.002 210
3 11.9993  11.9993  -0.0068 001
4 13.9986  13.9986  -0.0037 020 o ol . . . .
5 146174 146174  0.004 120 2
6 16.3356 16.3356  0.023 220 3 180
! 18.8485  18.8485 0.0336 320 >
- = 120
8 19.6064  19.6064 -0.0169 221 @
9 214712 214712 -0.0147 7130 2w
10 227085 227085 0.0178 230 IS
11 243293 243293 0.0106 031 0
12 251532 251532 -0.0077 600
13 260931  26.0931 0.0074 421 108
14 26653 266536 -0.0289 312 .
15 27.9977  27.9977 -0.0218 022
16 288849 288849 -00224 620 3
17 309672 309672 -00043 340 . . . . .
18 3221 32.21 -0.0489 032 O T e 0 0 = o
19 366062  36.6062 0.0361 003 .
20 425577 425577  -0.0136 100 _ @)
Fig. 2: X-ray diffraction pattern (XRD) for the
compound 1,2 and 3 in powder from.
Table 2 (b): Miller indices of derivative 2.
Peak Differential scanning calorimetric (DSC)
No. 200bs 20cal. AQ20)  hkl analysis
1 6.3844 6.3967 00123 001
2 10.7821 10.7862 -0.0041 IOZ The DSCChartS for Compound 1,2 and 3 a}re
3 120161  12.925 00089 301 gresented |tn If[lgs.3 _(a,tIJ and (31 resp_ectlvekly.t '4:1|996
- a demonstrates a single exothermic peak a
4 141336  14.1388  -0.0052 111 . 9 P :
5 702 K. This result confirms that compound 1 is
6 17.0603 17.0408 00195 = thermally and chemically stable up to = 473 K
201449 202226  -0.0777 310 and starts to decompose at higher temperature.
! 228218 228181 00037 413 In compound 2 (Fig.3b), the DSC chart
g 24.3711 24.3604 0.0107 212 demonstrates one endothermic peak at = 525 K
253653 253591 00062 214 which may correspond to melting process and
10 26.0066 26.0181 -0.0115 602 exothermic peaks at 538, 556, and 583 K which
11 27.0103 269977  0.0126 021 may be appeared due to multi stages
12 28.38 28.3861  -0.0061 312 decomposition process. Also, compound 3
13 395161 395234  -0.0073 314 . h h h | and chemical
14 44.4739 44.4786 00047 621 (Fig.3c), shows the same thermal and chemica
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stability as compound 1 but to higher
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Fig. 3: DSC thermo graphs for compound 1 (a),
compound 2 (b) and compound 3 (c).

AC electrical properties

Dielectric  functions relate the electron
transitions between energy bands of a solid to
its structure; hence we may obtain useful
information from the dielectric spectrum on the
band structure of a solid. The dielectric constant
is an important element in the design of
capacitors, and knowing the properties of
materials that can create capacitance. Smaller
capacitors can also be manufactured using
materials with a large dielectric constant, as is
the case in electronics and printed circuit
boards. The complex dielectric constant (¢) can
be determined from the measured values of the
capacitance measured in parallel mode (Cp),
and loss tangent (tand). The measured values of
C, and tand for three materials under
investigation are presented in Figs.4 and 5,
respectively. The complex dielectric constant
can be expressed as [12]:

E=e +tie, )

in which its real part, €, and imaginary part,

€ij, can be calculated by using the following
relations [13,14]:

Cr (3)
E~ 50A !
=g, tano, 4)

where &, is the permittivity of free space, d and
A are the thickness and the area of the samples,
respectively. The calculated values of & and &;
in the temperature range 320-460 K and
frequency range 100Hz — 5 MHz are shown in
Fig.6(a,b,c) and Fig.7(a,b,c), respectively . The

real and imaginary parts of the dielectric
constant for a fixed temperature are found to
decrease with increasing frequency. Such
behavior reflects dielectric relaxation process
occur in the material.
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Fig. 4 (a,b,c) :the relation between the capacitance(
Cp ) and frequency (f ) for compounds 1,2,and 3
respectively .
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Fig. 5 (a,b,c) :the relation between loss tangent ( tan
o) and frequency (f ) for compounds 1,2,and
respectively .
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Fig. 6 (ab,c) Temperature and frequency
dependence of the real part of the dielectric constant
for compounds 1,2,and 3 respectively .
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Fig. 7 (ab,c) Temperature and frequency
dependence of the imaginary part of the dielectric
constant for compounds 1,2,and 3 respectively .

The AC conductivity oac for the compounds at a
fixed temperature can be calculated by using the
following relation [14]:

Oac = i &o, ()
where o is the angular frequency. The AC

conductivity oac can be also expressed as
[15]:

Oac = A* (,OS, (6)
where A" is a constant, and S is the power
exponent that its behavior with temperature
determines the type of charge -carrier’s
conduction mechanism. The dependence of log
o on log o at different temperatures for
compounds 1, 2 and 3 is shown in Fig.8 (a,b,c).
It can be understood that conduction occurs in
the samples due to hopping of charge carriers as
Gac 1S proportional to . It is found that all three
derivatives have the same behavior. We can
notice that the values of o, increase with
increasing the frequency. This increase of Gac
can be attributed to the increase of the
oscillation of electric field accompanied with
increasing frequency which will lead to an
increase in the polarization in compounds 1,2
and 3 in the form of conductivity increase.

The value of S is directly the slope of the log Gac
versus log @ curves at higher frequency region
for each fixed temperature. The temperature
dependence the exponent S for compound 1,2
and 3 is shown in Fig.9. The value of S is almost
constant with increasing the temperature. This
behavior recommends the Quantum Mechanical
Tunneling (QMT) mechanism to be the
dominant mechanism for AC conduction. This
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model assumes that the carrier motion occurs
through quantum mechanical tunneling between
localized (defect) states near the Fermi level.
For the QMT mechanism, the real part of the ac
conductivity and the exponent S are given by:

6ac(0) = C'e?ksT(a") [N(ER]? @R%, (7)
S=1-[4/In (1/ot0)], (8)

where N(Eg) is the density of states at the Fermi
level (cm® eV?), (o) * is the spatial decay
parameter of the localized wave function, 1o iS
the characteristic relaxation time, ks IS
Boltzmann’s constant, T, is the absolute
temperature and C' is a numerical constant for
which different values have been obtained by
various authors, but can be taken as m/24 [15].
The above results are obtained in a wide band
limit, i.e for Ag >> kgT, where Aq is the
bandwidth. Thus for QMT model the frequency
exponent, S, is temperature independent but
frequency dependent.

Bulk Modulus

The complex Bulk modulus M* is defined as the
reciprocal of the complex dielectric permittivity
according to the following relation [16]:
M= *1 =M+ i M;,
& (o)

where M, and M; are the real and imaginary
parts of the electrical modulus, respectively.
Both of M, and M; can be calculated by use of
expressions below [18]:

9)

M=—fr (10)
(gr) +(gi)
i (c;i (11)

() +(g)
The behaviors of both M, and M; as a function
of angular frequency, at different selected
temperatures, are depicted in Fig.10(a,b,c) and
Fig.11(a,b,c), respectively. M, is found to
increase with increasing frequency, which
become more effective in depletion and
accumulation regions . On the other hand, M;
decreases with increasing angular frequency.
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Fig. 8 (a,b,c) :the relation between log cac and log ©
for compounds 1, 2 and 3, respectively .
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Fig. 9: The dependence of S on temperature for
compounds 1, 2 and 3.
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Fig.10 (a,b,c): Real part of the electric modulus, M;
as a function of frequency for various temperatures
for compounds 1, 2 and 3, respectively.
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Fig.11 (a,b,c): Imaginary part of the electric
modulus, M; as a function of frequency for various
temperatures for compounds 1, 2 and 3, respectively.

Conclusion

Structural, thermal and electrical investigations
were performed on three new
Chloroquinoxaline derivatives. XRD results of
powder form of compounds 1 and 2
demonstrated polycrystalline and amorphous
phases. Also, compound 3 had a completely
amorphous phase. According to the results the
best solutions for the two compounds showed
that they both have monoclinic system but with
different space groups and lattice parameters.
DSC analyses showed that the chemical
stability range differs from one derivative to
another. Compound 1 is stable up to 473K,
compound 2 up to 500 K, and compound 3 up
to 488 K. Real and imaginary parts of the
dielectric constant for a fixed temperature are
found to decrease with increasing frequency.
Such behavior reflected dielectric relaxation
process occur in the material. AC conductivity
oac for all three derivatives increase with
increasing the frequency. The effect of
temperature on the ac conductivity or dielectric
properties doesn’t follow certain behavior and

the change in the values is not much
considerable. The value of S for three
compounds was almost constant with

temperature which recommended that Quantum
Mechanical Tunneling (QMT) mechanism was
the dominant mechanism for AC conduction.
The values of the real and imaginary parts of
bulk modulus was estimated and it was found
that M, increased with increasing frequency
while M; decreases with increasing angular
frequency.
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