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ABSTRACT 
       In this study, 3, 3', 3'', 3'''-tetra poly (1, 4-diaminobenzen phthalate) phthalocyanine copper (II) film was 

prepared by casting method. The study consists of two parts: the first includes the measurement of electrical 

conductivity and activation energy range (303-353) °K. The second part deals with the dielectric properties 

that were measured at temperatures ranging from 303 to 353°K and frequency in the range (120Hz - 2MHz).  

       Dielectric properties (dielectric permittivity, loss tangent and Ac. conductivity (σac) have also been 

investigated. It is found that the system obeys the Maxwell-Wagner Sillars relaxation of space charge 

phenomenon. Permittivity, loss tangent and Ac. conductivity increase with increasing the temperature and the 

permittivity decreases with the increasing of frequency. The values of ac conductivity and dc conductivity 

were compared.  

 Keyword: conductivity, activation energy, permittivity, loss tangent. 
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   (3)عبدالله عباس حسين           (2)علاء ياسين طه          (1)زياد طارق فلك

  (2)وليد علي حسين                                        (3)عادل علي عبدالنبي                      
 

            مركز ابحاث البوليمر (1)
(2)

 
                     كلية التربية 

 كلية العلوم  (3)

 جامعة البصرة

 

Electrical and Dielectric properties of 3, 3', 3'', 3'''-tetra poly (1, 4-diaminobenzen 



 

165 

 

J.Thi-Qar Sci.                         Vol.3 (4)                                   Feb./2013 

 

 الخلاصة 
 tetra poly (1, 4-diaminobenzen phthalate) phthalocyanine-'''3 ,''3 ,'3 ,3تم  يمه همال راسةرتمض ت امبة رارم اب ة      

copper (II)  رطةبقممض را ممع رادتب.سبممضش  تممس  مم را هممال راسةرتممض درممي ضمم ابج ةابتممبجن بتامم ج راضمم ل رص ل    مم. تبمم.   ممل  ممج رات  ممبربض
راتبم.ة   ام ج  مسر سةضمضل  را مةرةة  - بم ة راخ م.اا را  ةر.ابمض فرات اتبمضرا  ةر.ابض را تت ةة  ط.تض رات  بط ارر اب ة را  اة  ج خلال ةت   

K °(303-353) ش  تممرا تب ممض رات  ممبربضر را  ةر.ابرممض  ط.تممض رات  ممبط ر رتممطض   .ساممض رةهب بمم   ش  بممص امم  ل  بمم.سة يممه رات  ممبربض را  ةر.ابممض
أ مم. راضمم ل را مم. ه  ممج هممال راسةرتممض يقممس تامم ج سةرتممض راخمم را را . ابممض اررمم اب ة را  اممة راتممه تربتلمما   . ط.تممض رات  ممبط  ممة  بمم.سة سةضممض را ممةرةة

ش ي  ما خم را را م ل را  ةرم.اه   مل ف تم . بض را م ل را  ةرم.اه  يقمس (120Hz - 2MHz)ام ج  تم  را مسرض  ام ج راتمةسس يمه را مسر 
 ب ة ت.بة  أ   م. بتم ي  –لال را ت.اج رج را ل.  را . ل بخاة إاي رتتةخ.ل ف . ت بل را . ل   رات  بربض را  ةر.ابض را ت . رض ض   ضس  ج خ

 ةة د. مض  مة ل.هةة    ض راتةرغ ش ا  ل  ج را ت.اج را  ربض  إج تب  رات . بض را  ةر.ابض  يقمس را م. ل   رات  مبربض را  ةر.ابمض را ت . رمض تم سرس ر م
 ة  ب.سة راتةسسش   . ت  را ق.ة ض ربج تب ض رات  بربض را تت ةة  را ت . رضش ب.سة سةضض را ةرةةض رب  . تقل رات . بض  

 

1.Introduction 
      The phthalocyanines are a class of organic 

semiconductors which are chemically and 

thermally stable, and, thus, suitable for the 

preparation of thin film [1]. Electrically conductive 

organic and metalloorganic polymers are of great 

interest and they have applications in electronic, 

optical, photonic, photoelectric, electrochemical, 

and dielectric devices. Phthalocyanines and their 

polymers are well known for their unique 

photoconducting and semiconducting properties 

[2-7]. Though the discovery of these materials is 

accidental, the phthalocyanine ring is a good ligand 

and every element in the periodic table, including 

nonmetallic elements such as silicon and 

phosphorous, form a complex with phthalocyanine 

ring [1, 5, 8]. Materials based on phthalocyanines 

have been of particular significance in many fields 

concerning energy conversion (photovoltaic and 

solar cells), chemical sensors, rectifying devices, 

electrochromism, optical data storage, laser dyes, 

liquid crystals, nonlinear optics electrophotography 

and photosensitizers for photodynamic therapy 

[9,10]. The electrical properties of polymeric 

phthalocyanine are of interest because of their 

conjugated structure and stability against light, 

heat, moisture, and air. Hence polymeric 

phthalocyanines are suitable candidates for use as 

environmentally stable electrically conductive 

materials [11-14].Polymeric 

metallophthalocyanines of copper, nickel, iron and 

cobalt possess large extended conjugated structures 

and exhibit high conductivity. To understand the 

electrical and dielectric properties of 3, 3', 3'', 3'''-

tetra poly (1, 4-diaminobenzen phthalate) 

phthalocyanine copper (II) compound, a systematic 

investigation on these properties and their variation 

with temperature and frequency is attempted in this 

paper. 
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Fig. (1) Structure of  Metallophthalocyanine 
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2.Theoretical 
        Activation energy of the sample was 

calculated using the relation [15] 

    

                                                    .   …………… (1) 

      

where σ represents the dc conductivity, σ0 is the 

pre exponential factor, kB is the Boltzmann 

constant, Ea is the activation energy and T is 

temperature. 

        The dielectric studies of the 3, 3', 3'', 3'''-tetra 

poly (1, 4-diaminobenzen phthalate) 

phthalocyanine copper (II) film were calculated 

using the relation [16, 17] 

 

    C=ε o ε' A / d                ……………………  (2)  

                         

     where C is the capacitance of the film, εo is the 

permittivity of the free space, d is the separation 

between the capacitor electrodes, A is the area of 

the electrodes and ε' is the dielectric permittivity of 

the film. The ac conductivity (σa.c) was calculated 

according to the relation [18, 19] 

 

   σa.c=ε oωε"   …………………………………..(3)    

3.Experimental  

3.1 Materials 

      Phtalic anhydride, Acetyl chloride, ammonium 

molybdate, tetrahydrate Sulphuric acid, nitric acid, 

acetic anhydride, HCl, NaOH, sodium 

polysulphide, and Thionylchloride were purchased 

from Aldrich chemical company.  

 

3.2 Synthesis 

Preparation of copper (II) – 3, 3', 3'', 3'''-tetra 

poly (1, 4-diaminobenzen phthalate) 

phthalocyanine 

 

      To a suspension of poly (1, 4-diaminobenzen 

phthalate) 10 mmole) in 25 ml of chloroforme 

added to (2mmole) of copper (II)– 3,3`,3``,3```-

tetraaminophthalocyanine in 25 ml of chloroforme 

in 25
o
C . The mixture was stirred at 25

o
C with 

vigorous stirring for 5 hrs. Then the solid 

precipitate was collected by centrifuge and 

washing with chloroforme. Blue solid of copper 

(II)-3, 3`,3``,3```-tetra poly(1,4-diaminobenzen 

phthalate) phthalocyanine was obtained yield 87%. 
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Fig. (2): The suggested structure of prepared complex. 
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3.3Characterization and measurements 

  

3.3.1 DC conductivity measurements 

 

       Electrical conductivity (I-V  characteristic) 

measurement was carried out on the samples of 3, 

3', 3'', 3'''-tetra poly (1,4-diaminobenzen phthalate) 

phthalocyanine copper (II) using a multimeters 

Fluke 8846A and a conductivity cell in the 

temperature range (303-358) °K by employing a 

two-probe technique. The thickness of prepared 

films was measured (0.7 mm).  

 

3.3.2 Dielectric permittivity measurements 

 

       The samples capacitance and the dielectric 

loss of composites were measured by RCL bridge 

type (Metrapoint-RLC2 and ME 1634 function 

generator) continuous frequencies in the range 

(120Hz -2MHz) and digital RCL bridge type 

(Megger B131), at the frequencies 120 Hz and 1 

kHz.     

 

4.Result and Discussion 
       Fig. (3) shows the plots of current against 

applied voltage at different temperature (303-353) 

°K. At the low field rang (1-10V), the current shows 

Ohmic behaviour which indicates that thermally 

generated charge carriers are effected by the current 

limits [20]. The dc conductivity (σdc) in the rang 303 

to 353°K was calculated and plotted in fig.(4).  

      The dc conductivity of 3, 3', 3'', 3'''-tetra poly 

(1, 4-diaminobenzen phthalate) phthalocyanine 

copper (II) film at room temperature was equal to 

2.08*10
6-

 S/cm and the activation energy is (0. 

27eV). In general, in phthalocyanine the electrical 

conductivity is associated with mobile π electrons 

of the phthalocyanine ring and the conductivity is 

due to thermal excitation of π electrons from the 

highest filled to lowest empty π orbitals [21].  

       Fig. (5) shows dielectric permittivity with 

frequency in the rang (120Hz -2MHz) for different 

temperatures (303-353) °K. It can be seen that the 

dielectric permittivity increases as the temperature 

increases but a decrease with frequency. 

        Normally, metallophthalocyanine are highly 

conjugated and have a large planar structure. The π 

electrons are completely delocalized over the entire 

molecule. If the applied field is increased the 

probability of tunneling of electrons between 

molecules is also increased causing high dielectric 

permittivity and dielectric loss [22].The decrease 

of dielectric permittivity with increase in frequency 

can be explained using Koop’s phenomenological 

theory [23]. According to this theory the dielectric 

structure is considered as an inhomogeneous 

medium of two layers of Maxwell-Wagner Sillars 

type (MWS)/ or interfacial effect [24]. 

      The variation of dielectric loss with frequency 

for different temperatures is shown in figure (6).  It 

is obvious that, Dielectric loss (ε'') shows a loss 

peak characterized by a relaxation frequency for all 

temperatures. After the dielectric loss reaches a 

maximum, it decreases almost linearly at lower 

temperatures and there is not much variation at 

higher temperatures. Also from the figure it is 

observed that, when the temperature increases, the 

value of maximum dielectric loss shifts toward 

higher frequency. Here dielectric loss depends on 

both frequency and temperature. The increase in 

dielectric loss is related to the increased segmental 

mobility and ionic conductivity [25].   

       Fig. (7) shows the variation of ac conductivity 

with frequency for different temperatures (303-

353) °K. It can be seen that the ac conductivity 

increases with the increase of frequency and 

temperature. This is because, as the temperature 

increases, the mobility of charge carriers also 

increases. When frequency increases, the dielectric 

permittivity decreases (Fig. 5), dielectric loss is 

also found to increase with increase of frequency. 

However, the rate of decrease of dielectric 

permittivity with frequency is lower than the rate 

of increase of loss factor with frequency and hence 

there is a net increase of AC conductivity with 

increase of both frequency as well as temperature 

[26].   

            

 
 



 

168 

 

J.Thi-Qar Sci.                         Vol.3 (4)                                   Feb./2013 

 

5.Conclusions 
       The electrical and dielectric properties of 3, 3', 

3'', 3'''-tetra poly (1, 4-diaminobenzen phthalate) 

phthalocyanine copper (II) film have been 

investigated. It was found that the Dc. conductivity 

2.08*10
6-

 S/cm and activation energy 0. 27eV. 

Dielectric permittivity, dielectric loss and Ac. 

conductivity have also been investigated. It is 

found that the dielectric Permittivity, dielectric loss 

and ac. conductivity increas with increasing 

temperature and permittivity decreases with 

increasing frequency. 
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Fig. (3) (I-V) characteristic of 3, 3', 3'', 3'''-tetra poly(1, 4-diaminobenzen 

phthalate) phthalocyanine copper (II) film. 
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Fig. (4) The σdc of 3, 3', 3'', 3'''-tetra poly (1, 4-diaminobenzen phthalate) 

phthalocyanine copper (II) film.  

 

Fig. (5): The permittivity as a function of frequency for different 

temperatures of 3, 3', 3'', 3'''-tetra poly (1, 4-diaminobenzen phthalate) 

phthalocyanine copper (II) film. 
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Fig. (6): The dielectric loss as a function of frequency for different 

temperatures of 3, 3', 3'', 3'''-tetra poly (1, 4-diaminobenzen phthalate) 

phthalocyanine copper (II) film.   

 

Fig. (7) The σac as a function of frequency for different temperatures of 3, 

3', 3'', 3'''-tetra poly (1, 4-diaminobenzen phthalate) phthalocyanine copper 

(II) film. 
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