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Abstract: 
The stability as well as the electrical properties of both 

un-irradiated and neutron irradiated poly acrylic acid 

(PAA) films doped with Cu
+2

 at a definite concentration 

of 12% have been studied. The dielectric loss tangent 

(tan δ) , electric conductivity (σ) and dielectric constant 

(Є) in the frequency range 100 Hz-20kHz were measured 

at different temperatures. It has been demonstrated that 

the suitable mechanism of conduction is the correlated 

barrier hopping model. The exponent (S) according to the 

relation σ (w) =A (w)
 s,

 was estimated
 
and found to be 

less than unity and decreased with increasing the 

temperature. Furthermore a nonlinearly of   log σ against 

log f was observed at log f in the range ( 3.3 to 4.6 ) for 

doses  ≥20kGy at the temperature of  300 K and 380 K.
 

 

Introduction:
Different additives are usually added to polymer in order 

to modify and improve its properties. Inorganic additives 

such as transition metal salts have considerable effect on 

the optical and electrical properties of PVA and PVC 

polymer [1] . Irradiation with X-rays, alpha, beta and 

gamma rays radiation also have a significant effect on 

polymer properties and some physical properties are 

usually modified [2, 3, 4]. 

The aim of this work is to study the electrical properties 

of the neutron-irradiated poly acrylic acid films doped 

with 12% Cu
+2

 ions. In this case tan δ, σ, Є were 

measured in the range 100 Hz- 10 kHz. 
 

Experimental Work and Results: 
The poly acrylic acid PAA and CuSO4.5H2O used in the 

present work were supplied by Fluka chemicals. The 

components nominally free from impurities were 

prepared by swelling the PAA   in twice-distilled water 

for 24 hours  at room temperature. The solution was then 

warmed to 380 K and stirred thoroughly for about 4.30 h 

until the PAA was completely dissolved. 

Cupper (II) sulphate solution was prepared by dissolving 

the salt to a concentration 12% by wt in twice-distilled 

water. Appropriate mixtures of PAA and CuSO4 

solutions were thoroughly mixed, poured onto a level 

glass plate and left to dry in an air oven at 300 K for 

about 96 h. 

Irradiation of samples was carried out at irradiation 

center at the Visiflux Facility in Basrah University. By 

Am-Be ( , n) source, supplied by the radio chemical 

center, Amersham .The activity and the neutron flux of 

the source were 5Ci and 1.6*10
11

 n/sec respectively, as 

measured at Jul/2006.                 

This source had two channels for irradiation. The dose 

rate measured at a distance 2.3 cm from the source by 

Theroluminescence dosimeters was 0.73 

Gy/min.Samples of films of thickness1mm measured 

perfectly within accuracy ±10
-3

 mm by the travailing 

microscope. Each sample was pressed between two 

polished and cleaned aluminum electrodes coated with 

silver past . The capacitance C , resistance R and electric 

loss tangent tan δ of  the investigated sample were 

measured in the temperature range 300-380 K and 

frequency range between 100Hz – 10kHz using Phywe 

automatic RLC meter. A chromel-P-constant on 

thermocouple with accuracy ±1K was used for 

temperature measurements. The electrical conductivity σ, 

dielectric constant Є and the electric loss tangent δ were 

estimated using the following relation [5]. 

σ () = L /AR,    Є=LC /Aε0 ,   tan δ =1 / RC 

Were ε0 is the permittivity of free space, (ε0= 8.85×10
-

12
F/m) [6] . 

: is the angular frequency, L and A are the thickness 

and surface area of the sample respectively. 

Figs.(1,2,3a) show log tan δ, log σ and Є versus log f at 

different temperatures for the un-irradiated sample . The 

Figures reveal no anomalous effect. Both tan σ and Є 

decreases with increasing of log f while log σ increases 

linearly with log f. These observations agreed with 

published data for different polymers and amorphous 

semiconductors [5,7] , in addition a decrease of the value 

of the exponent (S) by rising the temperature , Fig(3b) 

indicates that a correlated barrier hopping(C.B.H.) 

mechanism is the best be taken into account [5,8] . 

From Fig.1 for the un-irradiatesd samples models 

correlating tan δ against log f in the investigated 

frequency ranges. 100 Hz  f 0k Hz at a certain 

temperature value could be obtained in forms [9]. 
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             Fig(1): Log tand vs. log for unirradiated sample-

PAA  Films doped with 12% by CuS04.5 H2O 



Tikrit Journal of Pure Science Vol. 13 No.(1) 2008, 225 - 228 

 

-12

-11

-10

-9

-8

2 3 4

log f

lo
g

 s

300 K

340 K

330 K

380 K

 
Fig(2): logs vs. log for un-irradiated sample 

tan δ = 0.052 f 
(-0.016)

           T=300 K 

tan δ = 0.832 
(-0.413)

          T=340 K  

tan δ = 1.585 
(-0.201)

        T=380 K  

According to the eq. σ () =A ()
 s
 [5, 8] by considering 

the C.B.H model, the exponent S was found to obey the 

formula [10] : 

S =         1 -  s kT      .            (1)   

Wm – kT ln (1/0) 

Were WM is the maximum barrier height at infinite 

intersite separation [8,10] , which is called the polaron 

binding energy , i.e. the binding energy of the carrier in 

its localized sites [10] , 0 is the characteristic relaxation 

time which is the order of an atom vibration period 0 

~10
-13

sec [4,5,8] . For large values of Wm/kT, S is nearer 

unity. Also eq.1 predicts that S decreases with increasing 

temperatures in the low t temperature range i.e. large 

Wm/kT. The above demonstrations lead [12]. 

1- S = 6 kT/ Wm …… (2)   

The relaxation time  for electrons to hop over barrier of 

height WH is given as [10, 12]. 

 = 0 exp (WH/ kT)……  (3) 

The variations of S vs. The temperature of un-irradiated 

samples are represented in Fig. (3b). The slight decrease 

of S with increasing the temperature as well as its drop at 

a relatively high temperature agreed with Gadou and 

Bhatnagar results [ 3] and [8] respectively. 
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Fig(3a) : e versus logf for unirradiated 

 

A model for electron transfer by thermal activation over 

the barrier between two sites each having a columbic 

potential well associated with it has been proposed by 

pike [13]. For neighboring sites, the coulomb wells 

overlap[8]  resulting in a lowering of  the effective 

barrier from  Wm (the value at infinite intrinsic 

separation) to the value WH, where the condition WH/ 

Wm < 1/2 was satisfied [14] . For a relatively high 

strength of over lap which gives    WH =1/4 . WH, Wm as 

well as  were evaluated at different temperatures using 

equs.2 and 3 and Fig.(3b) , listed in Table 1. 
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Fig (3b): The exponent S Vs. the absolute Temperature 

T for un-irradiated samples 
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Fig (3c): Wm VS. The absolute temperature T. 

 

Fig. 3c illustrates the variation Wm as a function of 

absolute temperature. A drop of Wm with increasing the 

temperature corresponds to a decrease of the exponent S. 

Fig. 3d indicates an increase of ratio Wm/kT with 

increasing S. It is also observed that S approaches unity, 

at WM/kT ≥ 100 agree with what done in reference [8].  
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Fig (3d): S vs. Wm/kT 

 

Table(1): Un-irradiated polymer 

T(k) S  (sec) WH(eV) WM/kT 

300 0.96 1.12*10^
-7

 0.354 50.1 

330 0.88 2.64*10^
-8

 0.217 37 

340 0.6 4.27*10^
-12

 0.110 15 

380 0.41 2.03*10^
-12

 0.069 11 
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It is worthy noted that unirradiated samples are blue due 

to theCu
+2 

 ions because of d-d transitions [15]. It was 

deserved that the blue colour will change to more deep 

by increasing neutron-irradiation dose. This was 

explained by the formation at conjugated double bonds 

and/or trapped free radicals and ions [3]. Considering the 

new physical properties of the irradiated polymer. 

We now deal with the hopping mechanism for a dose of  

20kGy . The values of the exponent S for a dose of  

20kGy at temperature 300K is obtained from the linearity 

of log σ against log f  as well as for every temperature 

340 K and 380 K in the range of  log f (2-3-7) as shown 

in Fig.5 and Table (2). It is observed that both S and WH 

decrease with increasing the temperature which a C.B.H. 

mechanism [5, 8, 13, 14]. For the irradiated polymer a 

drop at WH from 0.7 eV at temperature 300K to 0.13eV 

at temperatures ≥ 340 K is occurred. The lowering of WH 

by increasing the temperature is due to thermal agitation 

which leads to an increase of the degree of overlap of 

columbic potential wells of considered sites. 

Moreover for a dose 20 kGy , an infinitesimal  change 

for the quantities  S , WH, WM/KT for a raise of 

temperature from 300K to 340K is observed from Table 

(2 ) which corresponds to an appreciable decrease of the 

mentioned  quantities for the unirradiated  sample , Table 

(1) . In this case these quantities are nearly the same for 

either un-irradiated – or irradiated sample at temperature 

340K, which many be attributed to that, overlap at 

columbic potential wells of considered sites is the more 

pronounced effect at high temperatures in comparing to 

cross linking reaction and /or dipole re-orientation at the 

perturbed polymer molecules as a result of the irradiated 

process  
 

Table( 2): Irradiated polymer with a dose of 20 kGy. 

Range of 

 logf 
T(K) S WM(eV) WHeV WM /KT 

2-4.3 300 0.95 3.26 0.081 125 

2-3.7 340 0.52 0.36 0.091 12.60 

2-3.7 380 0.49 0.34 0.087 11.80 

 

Further more for a dose of 20kGy at temperature 300K, 

the hopping mechanism should be considered which is 

observed from the linearity of log σ against log f in 

which the condition  S<1 must be satisfied Fig.5. Which 

may be attributed to the value of S = 0.87 accompanied 

with a relatively large values of WM =3.52 eV and WH = 

0.93 eV. Table (2) which mean a decrease of the degree 

at overlap of columbic potential wells of the considered 

sites at low temperature from which the C.B.H. 

mechanism must not be perturbed [16]. The linear 

increase of log σ against log f at 300K corresponds to a 

general decrease of Є with the increase of log f, Figs. (3, 

4, 5). A nonlinearity of log σ against log f at (3.7-4.3) for 

a dose of 20 kGy at  temperatures ≥ 340K are shown in 

Fig.5. This associated with a drop at tan δ accompanied 

with a respective minimum and maximum value. Fig.4. 

As a result of the irradiation process liberation of 

electrons would be occurred, as well as, randomly 

oriented polymer chain must be perturbed. Consequently, 

the conduction hopping mechanism proposed by Pike in 

which the depth of the potential well will be a time 

dependent function related to the rotational or vibrational 

modes of the polymer must be perturbed [17]. This may 

interpret the anomalous behavior of log δ and Є at log f = 

3.8 for a dose of 20kGy irradiated samples at 

temperatures ≥ 340K as illustrates in Figs (5, 6) 

respectively. On the other hand by increasing radiation 

doses from 25 to30 kGy, the same constant behaviors   of 

log σ , log tan δ , Є , have been observed without 

appreciable changes .  

In this case the stability of the radiation induced new 

physical properties for dose ≥20 kGy, where in an l
st
 

order approximation the graphs follow the same constant 

behavior under the given conditions for either tan δ or 

log σ or Є along the investigated frequency range Fig. (4, 

5, 6). 

From the above arguments the behavior of the polymer 

for a certain neutron-dose at definite temperature range 

may be due to the formation of ladder polymer with a 

high strength and  a high thermal stability [18]. 
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Fig(4): log tand vs. log f for kGy irradiated samples 
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Fig(5): Logs  vs. log f for 20 kGy irradiated Sample 
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Fig (6): e vs. log f for 20kGy irradiated Sample 
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Conclusion: 
The electrical properties as well as the stability of  

neutron-irradiated films doped with Cu
+2

 ions- 

accompanied  with colour change due to the formation of 

conjugated double and/or trapped free radicals and ions-

could be investigated using measured parameters tan δ , 

σ , Є in view of C.B.H. mechanism. 
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 المشععة بالنيوترونات والمطعمة بايونات النحاس PAAالكهربائية لاغشية التوصيلية المتناوبة والعازلية 
 

 أسماء أحمد عزيز وهدى سعدي علي  وقحطان عدنان عبد القادر  
 

 جمهورية العراق قسم الفيزياء, كلية التربية, جامعة تكريت, تكريت,
 

 :الملخص
تحررررد ها كدالررررة لمعردررررة مرررردا الترررر  يرات الترررر   اختبرررررت ال ررررفات الكهربا يررررة

النيوترونات السريعة ل بوتية وتركيب حامض البرول  اكريليرا الممعرم برام   
كبريتررات النحررراس خماسرررية مررراء التبلررور ولررردرجات حررررار  ختلفرررة   ا  بررروليمر 
الحررررامض الكريليكرررر  الممعررررم بررررام   معدنيررررة م رررر  النحرررراس يسررررتخدم درررر  

الغارية  ,  رناعة الأسرنا , منهرا  رناعة حاروات مجالت  ناعية ك ير  
الكريليررررة  تررررم  IPNS)الن ررررض ناوررررجة وكررررئلا درررر  السرررربا ا البوليمريررررة  

%   وعنررد دراسررة الع قررات برري  مقرردار الفقررد درر  21التمعريم بالنسرربة الوزنيررة 
لمرررردا ( e( و ابررررت العررررز   s( , التو رررريلة الكهربا يررررة  tan dالعازليررررة  

قرردرها  عيةإاررعاكيلررو هرتررز   ولجرعررة  21هرتررز وليايررة  211الترررددات مرر 

كلفرررر   081كلفرررر  وليايررررة 011كيلرررروكرام ولمرررردا درجررررات الحرررررار  مرررر   11
 أنمرروئ لو ررض التييرررات الحا ررلة هررو  الأم رر  بينررت النتررا   ا  اليكانيكيررة 

  حيرررن ا  مررررا يررردعم هررررئا   (C.B.H)حررراجز الجهرررد المتبرررراد  والمتررررابم 
در  العينرة والئم يم   الخسرا ر الكليرة للمجرا  المرار  (S)النموئ  هو قيمة 

s ()= A() وم  الع قة 
s 

هر  اقرر  مرر  الواحرد , كمررا تقرر  قيمتهرا مرر  زيرراد    Sا ا  قيمرة  رار واوررح
لقرريم  log fو  s logالررا الع قررة ال خميررة برري  بالإوررادةدرجررة الحرررار   

log f    كيلررو 11تسرراوم  أواكبررر  الإاررعاعية( و ا  الجعررة 0.0-0.3برري
 كلف   081كلف , 011كرام ولدرجات حرار  

 


