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Received 25‘[: Nov. 2018 The frequency dependent of the AC conductivity and Dielectric properties of organic compound 1,3-

Accepted 177 Apr. 2019 pihydro-1,3,3-trimethylspiro [2H-indole-2,3'-[3H] naphth [2,1-b] [1,4] oxazine], SPO, have been studied
as a bulk in a frequency range (50 Hz-5 MHz) with different temperature. X-ray diffraction (XRD) and
high-resolution transmission electron microscope (HRTEM) suggest that the SPO compound has
polycrystalline with monoclinic structure, space group P21 along with crystalline size around 35 nm at
room temperature. The obtained results of AC conductivity,e (w), increased with increasing frequency.
Consequently, the exponent frequency factor, S, was estimated and found to be S < 1 and increase with
increasing temperature. This behavior indicates that the small Polaron (SP) model is the most
predominated conduction mechanism. The dielectric properties including dielectric constant, dielectric
loss and loss tangent were found to be decreased with increasing frequency, while these parameters are
increased with increasing the temperature in the investigated ranges. Moreover, the activation energy,
the relaxation time and the maximum barrier height were extracted.
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Introduction

In recent years, organic photochromic colourant
materials, such as Spirooxazine (SPO), have been
amply investigated due to theirmolecular structure
and the potential application in optical systems and
the optoelectronics device fabrication [1-7].
Spirooxazine (SPO) is recognized as photochromic
compounds, which distinguished by their
preferable properties of chemical stability,
photoresponse, fatigue resistance and resolving
power [8]. The reversible photochromic process of
spirooxazine by cause of the heterolytic cleavage
and reverting of C-O bond, in which colored form
is generated and detect a red shift after UV
irradiation in the absorption spectrum [9].The SPO
compounds usually
showedphotochromismbehavior in various forms
such as solution, polymer medium while it usually
found non-photochemically active in solid state

form at normal conditions [9]. This response
limitation of solid-state of the compound due to the
large structural changes accompanying the ring
opening mechanism. Generally, the changeable of
optical and dielectric properties of SPO compound
give a good chance to fabricate new optoelectronic
devices.In particular, the SPO compound hasa
massive number of potential applicationssuch as
UV sensors, optical delay generators, dosimeter,
molecular switches, biosensors, optobioelectronics
and systems for accumulation of solar energy [10-
19]. On the other hand, Organic semiconductor
compounds have several clear advantages in
comparison with inorganic materials such as low
cost of fabrication, easy preparation, mechanical
elasticity and low-temperature process-ability [20-
22]. AC impedance spectroscopy is a crucial tool
for investigating the electrical properties of various
materials and to interpret the nature of the
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conduction mechanism of the solid forms. In
addition, the behavior of dielectric polarization and
dielectric relaxation of charge carriers in low
mobility compounds such as organic compound
provides information about the orientation and
translational adjustment of mobile charge display
in the dielectric medium [23]. The scope of this
work is to investigate the crystalline structural
properties of  SPO compound using X-ray
diffraction (XRD) and transmission electron
microscopy (TEM) as powder form. Also, the AC
conductivity behavior and the related dielectric
properties of SPO pellet sandwiched between two
gold electrodes (ohmic contact) with temperature
and frequency dependence are investigated to
determine the predominant conduction mechanism
involved and obtain information about the
activation energy and dielectric relaxation of
charge carriers.

Al Technique

1,3-Dihydro-1,3,3-trimethylspiro  [2H-indole-2,3'-
[3H] naphth [2,1-b] [1,4] oxazine](SPO) was
obtained from the Sigma Aldrich company and
were used as it is without further purifications. The
chemical structureof SPO compound is shown in
figure (1). The fine powder of SPO compound was
obtained using a mortar. Then, the powder was
compressed in the pelletform under a pressure of
5x10°> N/m?by a suitable apparatus.The SPO pellet
was sandwiched between two evaporated gold
electrodes using thermal evaporation, Edward
E306A, under vacuum of 10* Pa.The crystal
structural characteristic of the powder was studied
using an X-ray diffractometer (Philip model
X’pert) with utilized monochromatic CuKa
radiation (A=1.54 A)witha scanning rate 2° min .
Also, thehigh-resolution transmission electron
microscope (HRTEM) model“JEOLJEM-2100”
was used to investigate the grain shape and size of
powder form, thepowder was loaded on TEM
coppergrid with carbon coated usingsuspension
method in ethylene glycol.The AC measurements
were scrutinized using an automatic RLC bridge,
Hioki 3532 in the frequency range from 50 Hz to 5
MHz.The sample was holed in a holder specially
designed to minify stray capacitance. For the
electrical contact, the copper wires were connected
to the pellet electrodes using a conductive sliver
past. The temperature of the sample was
recognizedby  type-K  thermocouple.  The
impedance, Z, the capacitance, C, and the phase

angle, 6, were measured for SPO sample with
different frequency and temperature. The AC
conductivity was calculated using the following
formula: o(w) =d/ZA, where A is the cross-
sectional area and F is the thickness of the
sample.The dielectric constant,e’, was calculated
from the formula:e’ = dC/Ae,, where &,is the
free space permittivity. The loss tangent,tan§,
where § = 90-6, and the dielectric loss, & =
& tand [23].

H3C CHj

\ O
CHs
Figure (1): The molecular structure of 1,3-Dihydro-1,3,3-

trimethylspiro[2H-indole-2,3'-[3H]naphth[2,1-
b][1,4]oxazine] (SPO)

Results And Discussion

The SPO compound structure was studied as a
powder form using XRD as shown in Fig. (2). This
figure shows a polycrystalline structure. The
indexing of Miller indices of all peaksand the
lattice constants of SPO were calculated using
theCRYSFIRE&CHECKCELL computer
programs [24,25]. The results suggest that the SPO
compound has a monoclinic structure with space
group P21.  The lattice constants a, b, c
wasextracted as 13.120 A, 8.038 A, 6.070 A, and
angles o, B and y are 90, 96.37, and 90
respectively.

The crystallite size, D, and the strain, €, were
evaluatedusing the Size-strain plot method
equation as follow[26]: -

K a2
(dp i Bria cos 0)° = B(d%klﬁhkl cosf) + (E)
(1)

where d, § and K are the interplanar distance, full
width half maximum and constant respectively. In
addition, the dislocation density was calculated
from the relation:

5=13 @
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Figure (2): XRD pattern of SPO compound in a powder form
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Figure (3): The Size-strain plot of SPO compound as a powder form at room temperature
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Concerning to equation (1) and Figure (3), the
crystallite size and the strainareextractedfrom the
slope and the root of theintercept of y-axis of the
liner fitted data, respectively. The vales of D, ¢
and Sare found to be 34 nm, 67.2 x 10 * and 1.04
x 10" line/m?, respectively.The high-resolution
transmission electron microscope (HRTEM)has
been used to investigate the powder form of SPO
compoundwith  different  magnification  as
illustrated in Figure (4). This figure affirms the
formation of nano-crystalline with diameter range
between 30 to 40 nm. This value is in good
agreement with that obtained from XRD results.

AC conductivity measurement is an essential tool
to inspect thedielectric properties such as dielectric
constant, dielectric loss and loss tangent.In
addition, the AC conductivity data may scrutinize
the conductionmechanism involved in the
investigated system.

The AC conductivity and the dielectric properties
were characterized at different frequencies in the
range between 50Hz to 5MHz. Figure (5)

represents the frequency dependence of the AC
conductivity at different temperature for SPO
compound.

Figure (4):HRTEM images of SPO compound as a powder form with different magnifications
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Figure (5): AC conductivity variation versus frequency of SPO at different temperature
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It can be seen, for all temperatures, that the AC
conductivity can be divided into 3 regions. The
low frequency region from 50Hz. to about 1KHz.
Intermediate frequency region, fromlKHz. to
1MHz, is recognized as region 2. Region 3 is
designated for the high frequency region above
1MHz. up to 5MHz. In region 1, the AC
conductivity is frequency independent, whilst it is
slightly temperature dependent. For region 2, is
called dispersion region, the AC conductivity
strongly depends upon the frequency of the applied
electric field and tends to increase with increasing
the frequency. Finally, in region 3, the high
frequency region, the AC conductivity neither
frequency nor temperature dependent.

In the low frequency region, the applied field is not
enough to initiate the hopping conduction. In
accord only, the conduction mechanism is
attributed to drift of carriers and no extra carrier
were created. In Consequently the conductivity in
this range behaves independently of the frequency
of the applied field.In region 2 the frequency of the
applied field is enough to initiate and starts the
hopping conduction.

In region 2, in which the conductivity linearly
increases with increasing the frequency of the
applied field, the AC conductivity obeys a power
low of frequency according to the relation[27]:-

o(w) = Aw® 3)

where A, s and ware constant, a constant called
frequency exponent factor has values between0 < x
< 1 and the angular frequency, respectively. In
order to extract the frequency exponent, factor s a
plot betweenlng(w) and In (w) is plotted, in the
dispersion region, as depicted in Figure (3) for
different temperatures. The s parameter can be
extracted at a different temperature from the slopes
of each temperature. It’s clear that, the values of s
were found to increase slightly with increasing
temperature, as shown in Figure (6). Regarding to
the wvalues of S and its variation against
temperature and following S. R. Elliot. 1987, the
suitable model is the small Polaron (S.P) [28].

The dispersion formula of the AC conductivity
can be expressed as[29]: -

_ (o,—0n)
o(w) = oy, + [m 4)
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where o}, , o, and t are the conductivities at low
and high frequency limitsandt is the relaxation
time, respectively. Substituting by o(®), oy, o},
and  in equation (4) the relaxation t can be
calculated. The variation of the relaxation time t
with different temperature of SPO compound is
displayed in Figure(7).1t can be observed that the
relaxation time tends to increase with increasing
temperature and the value of t is in order ~6-
18x10°®Sec.
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Figure (6): Temperature dependence of the frequency
exponent factor of SPO at different temperature
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Figure(7): Temperature dependence of the relaxation
time, 7, exponent factor of SPO at different temperature



201

STRUCTURAL, AC CONDUCTIVITY AND DIELECTRIC....

From the temperature dependence of the AC
conductivity of SPO as illustrated in Figure (8), the
AC activation energy, AE, can be calculated
according the Arrheniusrelation as follows: -

o= er_AE/KT (5)

According to the figure (8) with equation (5), the
AC activation energy was estimated from the
slopes at different frequencies. The activation
energy for SPO was found to be in order of 0.2 eV.
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Figure (8): Temperature dependence of the AC
conductivity of SPO at different frequencies

The dielectric properties of SPO compound were
studied. This investigation concerns the effect of
frequency of the applied field and temperature.
The dielectric properties include the dielectric
constant,e’, the dielectric loss,e”, and the loss
tangent,tan §,. Such parameters are so important
for the industrial applications.

Figure (9) depicts the frequency dependence of the
dielectric constant,e’, at different temperatures of
SPO pellet. As shown, for all studied temperature
over the whole range of frequency, the dielectric
constant continuously decreases with increasing
the frequency of the applied voltage up to a certain
frequency. Above a certain frequency, a saturation
part was existed. This behavior may be ascribed to
the increase of orientational polarization which
might take long time. Also, the dielectric constant
e increases with increasing temperature in the
frequency range below ~60 KHz. Whilst, in the
low frequency region, above ~100 KHz, the
dielectric constant,e’,foundto be temperature and
frequency independent. Such an increase in

dielectric constant may be described as if the
polarization requires less time at higher
temperatures. Consequently, the reorientation
cannot spontaneously respond to the applied
frequency.
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Figure(9):Frequency dependence of the dielectric constant
at different temperatures forSPO compound

Dielectric loss,e” ,is a measure of the power losses
by the sample when an alternating voltage is
applied. Figure (10) represents the variation of the
dielectric losses of SPO versus frequency of the
applied voltage at different temperature. It is
obvious that the dielectric loss is frequency
dependent, where it decreases with increasing
frequency.
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Figure (10): Variation of the dielectric loss of SPO pellet
against the applied field frequency at different
temperature

In addition, the dielectric loss appears to be
dependent on temperature. It can also be seen that
the decrease of & with frequency may be
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represented by the following relations [29], in the
frequency range between 100Hz and 60KHz.

’

£ =Bw™ (6)
— _ HesT
m = - ™

where B,m and W), are a constant, another
frequency applied power factor and the maximum
barrier height (the energy required to move the
electron from a site to the infinity), respectively.
Regarding to the equation (6) and Figure (10), the
power,m, can be calculated from the slope of the
obtained straight lines part. The values of m
should be negative and increase with increasing
temperature showing a linear behavior. The
calculated values of W, were found to be
decreased from 0.27 to 0.22 eV as the temperature
increased from 303 to 393 K, see Table (1).

Table (I): Calculated values of m and W, for SPO
compound at different temperature

T(K) m Wy (eV)
303 0.42 0.26971
333 0.43526 0.27542
363 0.54329 0.24053
393 0.6148 0.22012

Loss tangent (tand) is a sample dimension
independent dielectric parameter. The value of loss
tangent is very important from the applied aspect
point of view. Figure (11) shows the frequency
dependence of tand against the frequency of the
applied electric field at different temperatures for
the investigated SPO pellet. It can be seen, in the
low frequency region, the loss tangent decreases
sharply with increasing frequency, while it is
frequency independent in the high frequency
region above 20 KHz. On the other, the loss
tangent increases with increasing temperature.
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Figure (11): Loss tangent variation against frequency of
SPO pellet at different temperatures

Finally, It should be mentioned here that there is a
lack of data about the electrical properties of SPO
compound specially the AC conductivity and the
dielectric properties therefore there was no data to
compare with the data reported here.

Conclusion

The XRD, HRTEM, AC conductivity and
dielectric properties of SPO pellets have been
investigated. XRD suggests that SPO is a mono-
clinic polycrystalline structure with space group
P21 at room temperature. The crystallite size, D,
and the strain, g, were estimated using the Size-
strain plot method and the results found to be 34
nm and 67.2 x 10 % The high-resolution
transmission electron microscope (HRTEM)
images confirm the formation of nano-crystalline
with diameter range between 30 to 40 nm. In
addition, the electrical conductivity and dielectric
properties of SPO bulk in the temperature range
(303-393 K) and frequency range (50Hz-5 MHz).

AC conductivity suggests that the conduction
mechanism of SPO compound is predominantly by
small Polaron (S.P) type of conduction. The
activation energy and the relaxation time, t, are
found to be around ~0.2 eV and ~ 6-18x107 Sec,
respectively. The Values of dielectric constant and
dielectric loss of SPO decrease by increasing
frequency, at constant temperature, and increase by
increasing temperature at constant frequency.
Finally, the values of mandW,, were calculated at
different temperatures.
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