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Abstract

The aim of this paper is to demonstrate the effect of Nay[Fe(CN)s.NO].2H,0
impurity (0.1 M) concentration on the dielectrical properties of poly (P-
Aminobenzaldehyde) terminated by pheneylenediamine in the frequency and
temperature ranges (1-100)KHz and (283-348) K respectively.

These properties include dissipation factor, series and parallel resistance, series
and parallel capacitance, real and imaginary part of the dielectric constant, a.c
conductivity and impedance (real and imaginary) part, that have been deduced from
equivalent circuit.

The investigation shows that adding Na;[Fe(CN)s.NO].2H,0 as additive to the
polymer lead to increase of the dielectric constant with increasing temperature and it
is decreasing with increasing the frequency .The dissipation factor is increasing with
as the frequency increased.

Key words: resistance, capacitance, dielectric properties, a.c conductivity,
dissipation factor.

Introduction:

Organic molecular systems have been Insulators with low dielectric constant
rapidly developed due to the newly are preferred to be use in the industry
developed technologies of synthesing a of communication coaxial cables to
new molecular  materials  with minimize as much as possible the
compatible desirable properties. [1] electron density on the conductor
Studying the dielectric properties of surface, whereas the high dielectric
polymers are of increasing importance constant materials are preferred to be
because it provided an understanding used in the industry of capacitors[4].

to the molecular chains which reflect The evaluation of dielectric properties
the wide polymer applications and of the insulator film is carried out by
usage in Engineering [2]. Most of measuring simultaneously the
polymer materials are wused as capacitance and the dielectric losses of
insulators in wires, cables, printed the film over a wide range of
circuit boards and in many other frequencies and temperatures.
electronic devices such that poly alpha Although the dielectric properties of a
naphthyle acrylate. [3]. number of polymers have been
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investigated the molecular orientation
behavior and the associated relaxation
mechanisms of the polymers are not

fully understood.
[5] . The study of dielectric loss as a
function of  temperature and
frequency, is one of the most

convenient and sensitive methods of
investigating polymer structure of a
polymeric film[6] .

Polymer characterization can be
achieved by studying the complex
impedance spectroscopy. From Cole-
Cole plots the bulk resistance Ry, of the
polymer can be determined and
consequently  frequency dependent
conductivity can be evaluated[7]. The
molecular motion and dielectric
relaxation behavior of the polymer can
also be analysed via studying the
dielectric loss as a function of
temperature and frequency [8].

In general, polymers posses many
dielectric relaxation a, B ,y,etc.starting
usually from the highest observed
transition temperature. It is well known
for amorphous polymer o- peak is
absent , B and y peaks occur at
temperature less than Glass transition
temperature (Tg) in that order [9].

Cole-Cole plotsof ¢" vs. &' reveals a
non —Debye type dielectric relaxation
and relaxation loss type [ was
observed from frequency dependence
of imaginary part of dielectric constant
and dissipation factor for (PPAB)
terminated by phenylenediamine doped
with LiCl [10] .

In the present study
specrrooscopy of poly (P-
Aminobenzaldehyde) terminated by
phenylenediamine doped with
Nay[Fe(CN)s.NO].2H,O have been
investigated in different frequencies
and temperatures.

Dielectric ~ parameters  such  as
permittivity, dielectric loss, dissipation
factor and impedance have been
analysed depending on Lumped
equivalent circuit.

relaxation

Experimental Procedure

Poly (P-Aminobenzaldehyde)
terminated by phenylenediamine was
synthesised used condensation
polymerization adopting to method
previously reported [11].

Figure (1) shows the expected structure
of the polymer under the present study.

5 HoN C=

...................................................

Fig. (1) Expected structure of the polymer used .

The resulted resin then doped with
Naz[FE(CN5)NO]2H20

The polymer was first dissolved in
Dimethyl Formamide (DMF) with
stirred at room temperature for(4 — 6)
hrs. Samples of polymer films with
thickness

~ 25um were deposited on aluminum
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substrates using solution cast technique
.Heat treatment was performed by
inserting the sample into a vacuum
oven with gradual temperature increase
in the rate 5 C< /hr up to 90C<: .1t held
at this temperature about
4 hrs and then cooled gradually up to
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room temperature and finally being
kept at room temperature for 10 hrs.
The top electrode was evaporated on
the polymer surface using aluminum
by evaporation method under vacuum
10“Torr .Evaporation method was
used in order to avoid any air gap
existing between the polymer and the
metallic contact , other techniques may
create series capacitance that affects
both the capacitance and the
dissipation ~ factor ~ measurements
[12].The specimen is staked between a
sandwich  configuration fixed by
platinum electrodes cited above with
pressure contact .The specimen was
connected to the electrical circuit by
fine copper lead wire.

Dielectric measurements were
measured using RLC Bridge model
PM 6303 in the frequency and
temperature range (1-100)KHz and
(283-343)K respectively.

All measurements were carried out
under vacuum environment and
thermocouple  of  type  cupper
Constantan were positioned near the
temperature of the samples.

Results and Discussion:

Fig (2): Shows the frequency
dependency of the impedance for a
samples of Nay[Fe(CN)s.NO].2H,0
doped film. The impedance decreases
monotonically from 5.9x10° Q to 3.5
x10° Q with increasing frequency from
5KHz to 55 KHz .1t can be seen from
the figure that the low frequency range
(5-13)KHz , the impedance was nearly
independent on frequency and d.c
conductance can be estimated in this
region which equal to 1.69x10° Q™.
The value of d.c conductance in this
investigation was less than the value of
same polymer doped by other
impurities such that (LiCl ,NaF) ,where
these values were 5.2 x10° Q*, 6.9
x10°® Q™ respectively [13].
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Fig (2): The frequency dependence
of impedance at T=293K

Fig(3): shows the dependency
temperature of impedance for a sample
of Nay[Fe(CN)s.NO].2H,O measured
at two different frequency ,1KHz and
5KHz .1t can be intereplotinterms of
the increasing of the charge carriers as
the temperature increased.

Fig (3): The temperaturedependence
of impedance at f=1KHz and
f=5KHz.

Fig(4 a): indicates the variation of
series capacitance (Cy) with
temperature .Nearly similar behavior
obtained from parallel capacitance (C,)
as shown in Fig(4 b). Since the D is
small and C,=C/ (1+D?).
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Fig (4): The The temperature
dependence of

a: series capacitance

b: parallel capacitance

Figs (5): show the temperature
dependency of series and parallel
resistance in the temperature range
(283-343) K .Both of them show
similar behavior. The value of Rs was
decreased from 3.18 x10* Q to 1.59
x10* Q while Rowas decreased from
3.18 x10° Q to 1.59 x10% Q in the same
temperature range.
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Fig (5): temperature
dependence of series and parallel
resistance.

Fig (6): shows the variation of
dissipation factor with temperature at
1 KHz .1t is clear from the figure that
the dissipation factor was independent
on temperature.
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Fig (6): The temperature
dependence of dissipation factor .

The variation of the dielectric constant
(¢) as a function of temperature is
shown in Fig(7) .The dielectric
constant (£) is increased from 17.82 to
35.67 with increasing temperature ,
this behavior indicates that the polymer
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under investigation was polar polymer
(see ref.3 and 10).

Real dielectric constant

Fig (7): The temperature
dependence of real dielectric
constant.

Fig(8): indicates that the imaginary
part of dielectric constant was
increased from 0.17 to 0.35 with
increasing temperature in the same
range. Similar behavior was observed
by other worker [14] see also ref.3.

Imaginary part of dielectric constant

Fig The

(8):
dependence of imaginary part of
dielectric constant at a frequency of

10°Hz.

temperature

Fig(9): shows the reduction of the
series capacitance from 2.7x10™ F to
5 x10™ F with increasing frequency
from 1KHz to 100 KHz while for the
same range of frequency ,the parallel
capacitance was decreased from 2.69
x10™ F t0 2.35 x10™* F .
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Fig (9): The frequency dependence
of series and parallel capacitance at
T=313 K.

Fig(10): shows the variation of
dissipation factor with frequency, it is
clear from the figure that the
dissipation factor was increased with
increasing frequency.
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Fig (10): The frequency dependence
of dissipation factor at temperature
313 K.

The relation between a.c conductivity
and frequency at 318 K is shown in
Fig(11). It is clear that the a.c
conductivity was increased with
increasing frequency at the same range
of frequency, similar behavior was
observed by others.[15 ]
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Fig (11): The relation between a.c
conductivity and frequency at
T=313K.

Fig (12): shows the relation between
real and imaginary parts
(Cole-Cole plots) of dielectric constant
(¢',e").It is clear from the figure that
the ¢" increases with increasing €' until
the value (¢'=3) and then €" decreases
with increasing €'.
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Fig (12): The relation between real
and imaginary parts of dielectric
constant.

Fig (13): shows the frequency
dependence of real part of dielectric
constant. The decreasing in the
dielectric constant (§) was observed
with the increase in the frequency due
to dielectric  dispersion, similar
behavior was observed by others
[16],[17] and [18].

The  frequency  dependence  of
imaginary part of dielectric constant
(¢") as shown in Fig(13)shows abroad
peak was recorded at 6 KHz, this peak
refers to a relaxation process type [
which may be corresponded to the
orientation of the polar groups present
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in the side groups of the polymer. The
relaxation time (t) can be calculated
from the relation (ot =1) where ® is
angular frequency which correspond to
the maximum value of imaginary part
of dielectric constant. Hence t found to
be (2.65x10™) sec.
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Fig (13): The frequency dependence
of real and imaginary parts of

dielectric constant.

The real and imaginary parts of

complex impedance Z can be
calculated from the following
equations [19].

Z'=D/oC ,2"=1/0C.......... (1)

Where D: dissipation factor, : angular
frequency, C: capacitance of the film.
Fig (14): shows the typical real Z' and
imaginary Z" parts of impedance data
plotted in complex impedance plane.
The figure clearly shows that there is
an inclined straight line at lower
frequency  region  followed by
a semicircular arc at the higher
frequency region, which indicates a
non -Debye type dielectric relaxation
while at higher frequency shows
Debye behaviour. The intersection of
the semicircular arc with the real X-
axis given the bulk resistance (Rp)

of the polymer.The frequency-
dependence conductivity of the film
was evaluated using the following
equation:

o(0)=_d
Rbo. A
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Where A: effective area of the film,d:
thickness of the film.

The value of bulk resistance is 5x10°Q
and a.c conductivity is nearly
1.59x10™°(S.cm ™).

The activation energy E,.= 0.6eV for
a.c conductivity was evaluated by
using the Arrhenius equation [20].
6=6, e-Ea.c/KT (3)

Where; o,. constant, E,.: activation
energy, T: absolute temperature and
k:Boltzmanconstant.

It is clear that the activation energy
was lower than the values obtained for
other polymers [21],[22].
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Fig (14): Cole-Cole plot for PPAB
terminated by phenylenediamine
doped with Nay[Fe(CN)s.NO].2H,0

Conclusion:
The dielectrical measurements of poly
(P-Aminobenzaldehyde) terminated by

phenylenediamine doped with
Nay[Fe(CN)s.NO].2H,O have been
studied using Lumped equivalent

circuit and from this study can be
concluded the following:
1. The impedance was decreased with

increasing of  frequency  and
temperature.

2. Both of series and parallel
capacitance were increased with

increasing of temperature, while they

decreased  with increasing  of
frequency.

3. Both of series and parallel
resistance  were decreased  with

increasing of temperature.
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4. The  dissipation  factor  was
independent of temperature but it
increase with increasing of frequency.
5. The real and imaginary parts of
dielectric constant were increased with
increasing of temperature. While they
decreased  with  increasing  of
frequency.

6. a.c conductivity was increased with
increasing of frequency and the
activation energy of the polymer used
was 0.6 ev for a.c conductivity.

References:

[1]JAbdul Ghafor . W. A. S., Hussien.
H. F. and Haddad.A. M. 2001.
Frequency and temperature effect
on dielectric properties of Copper
phthalocyanine (CuPc) Basrah J.
Science, A, 19 (1):49 — 59.

[2]Mark. H. F. and Bikales. M. 1986.
Encyclopedia of polymer science
and Engineering, John Willey and
sons, vol. 5,

[3]Ali. S. A. 2005.Study of the effect
of some dopants on electrical
conduction mechanism of poly
alpha naphthyle acrylate. MSC.
Thesis phy. College of education.
Basrah University

[4]Majdi. K. S, Fadhel. H. J.,
Abdullah. B. A. and Muhsin.R. J.
1999. The Dielectric properties of
Crown Ether Polymer. Iraqgi J. of
polymer, vol. 3, No.1P 21-28.

[5]Khare. P. K. and Jain .S. K. 2000.
Dielectric properties of solution-
grwn-undoped and acrylic —acid-
doped ethyl cellulose™ Bull Matter
Sci. 23(1):17-21.

[6]Akram. M. Javed. A. and Rizvi.T.
Z. 2005.Dielectric Properties of
Industrial ~ Polymer  Composite
Materials. Turk J. phys. 29: 355-
362.

[7]Rajendran, S. Kannon. R. and
Mahendran.O. 2001.Matter.Lett. 49
:172-179.



Baghdad Science Journal

Vol.13(1)2016

[8]Paskal. L., Linets.L.,Syromyatni.V.
andDusheiko.VV. 2002.solid state
ionics, 147:383-390.

[9]Raja V., Sharma. A. K. and
Narasimha.V. R. 2004.Rao Material
Letters 58P.3247.

[10] Ibrahim. H. K. , Abdul Ghafor.
W. A. S. and Al -Ansary .R. A.
2005. Dielectric  Properties of
poly(P-Aminobenzaldehyde
terminated by phenylenediamine
doped with LiCl Iraqi J. of polymer,
9(1):105-122

[11] Haddad. A.M. and Adem. G.A.
2000.Basrah J.Science,8(1): 1-8.

[12] Ajeel .K. I. and Hussien. H. F.
2004.the Dielectric Properties of
Benzidin  Terminated poly (p-
Aminobenzaldehyde)[PPAB]
Doped wi Nay[Fe(CN)s.NO].2H,0
th .Iraqi J. of polymer ,1:32.

[13] Ibrahim. H. K. 2006.Study of
the electrical mechanism and the
dielectrical properties of the doped
films of the poly (P — Aminobenzal-
dehyde terminated by
phenylenediamine. MSC. thesis
phy. college of education. Basrah
University.

[14] Al-Delaimi. M.N., Yousif .R.H.
and Najem. T. S. 1999. Iraqi J. of
polymer, 2(32).

181

[15] Nada.K.Abass.2006. Astudy of
effect of thin film thickness on A.C
electrical properties Of CuO thin
film. Baghdad Science Journal
3(4):572-575

[16] Lam. K. H., Chan. H. L. W,
Luo. H. S, Yin. Q. R, Yin. Z. W.
and Choy.C. L. 2003. Dielectric
Properties of 65PMN-35PT/ P(VDF
—TrFE)O-3composites
MicroelectricEngineering  66:792-
797.

[17] Nada. A. M., Dawy. M. and
Salama.A. H. 2004. Materials
Chem. And phys. 84 :205-215.

[18] Noda. N, Hsin .Y. Bur. J.,
Probhu V. M., Snyder .C. R., Roth.
S. C. and Brearty. M. M. J. 2005.
Dielectric Properties of nylon 6/clay

[19] Blythe. A. R.1980. Electrical
properties of polymers. Cambridge
university P 68.

[20] F.E. Karasz.1972.
properties of polymer.
press,N.Y. P.15.

[21] Ch. V. S. Reddy, A. K. Shrma
and V. V. R. NarasimhaRao, J.
Matter.2002. Sci. Lett 21:105-108

Dielectric
Plenum

[22] S. Ramesh, A. H.Yahaya and
A. K. Arof.2002. Solid state
ionic:291-294.



Baghdad Science Journal Vol.13(1)2016

Ol (el AL A5 ) A4l 53 (PPAB) el sall 40t jladl Gl i) Al )2
dalaatl) 4388l 5 i) aladiuly Nay[Fe(CN)s.NO].2H,0 < qgdiall

Jias asal ) A& A ) aBBlS Cpen

8 el dnalan /Ay il A40S/ey 5l o
duadAl
Al el Al e (0.1M) 3S5% Na[Fe(CN)s].2H,0 Alall il 4l 50 58 Gand) (ga Cangl
el (35 pall il Al A (alid paal U 4l Al (o3 (el 3 sinal — 1)) (s el sl

- (1-100)KHz 22 55 53l (283-348)K

Saaal 4 ja Jad) caliecs 315l g )il dmase o305 5 ) sil) A gliaccriiill Jale dusl all o3 Criansd
) Al 55 alasinly LA 5 sl L ja dailaall 5 4 sbiiall ddia sil) o JLall
3oLy ) e 4l 53 ) Al A 50835 ae Jad) i Baly ) (N ol e gall () AL ddla) ol Al Hall caiy
2 5l 3aly 3 ala ) cndall Culd Ly aa il

Csal) Jale do gloiall dalua gl) oA jlall (el &) cRadiall (A sliall sdoalidal) cilalsl

182



