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Abstract 
 

Polyaniline (PANI) - Polyvinyl alcohol (PVA) nanocomposite were prepared using laser irradiation method. X-ray diffraction results 

showed that, (PANI/PVA) nanocomposite exhibited amorphous nature of polymer. The electronic transition will be studied using Ultra-

violet-Visible spectrometer (UV-Vis). The real part of dielectric constant (έ) and imaginary part (ε") were studied. Also, the relaxation 

time was calculated. 
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1. Introduction 

Polyaniline (PANI) is one of the most extensively studied conduc-

tive polymers. Potential applications include uses in rechargeable 

batteries, sensors, switchable membranes, anticorrosive coatings, 

and electronic devices [1]. Polyaniline is commercially attractive 

owing to its easy synthesis either through chemical or electro-

chemical methods, good environmental stability, ease of conduc-

tivity control, and inexpensive production in large quantities. 

However, like other conductive polymers, polyaniline by itself 

cannot be easily fabricated as a thin-film form with good mechan-

ical properties. Thus, its practical use has been limited [2].  

 Nanocomposites are a special class of materials originating from 

suitable combinations of two or more such nanoparticles or na-

nosized objects in some suitable technique, resulting in materials 

having unique physical properties and wide application potential 

in diverse areas that can be formed into a useful object which can 

be subsequently used [3], [4]. 4]. Novel properties of nanocompo-

sites [5], [6] can be derived from the successful combination of the 

individual characteristics of parent constituents into a single mate-

rial. To exploit the full potential of the technological applications 

of the nanomaterials, it is thus extremely important to endow them 

with good processability.  

In the present work, Polyaniline/polyvinylalcohol nanocomposite 

were Prepared. The particle size was calculated from X-ray dif-

fraction (XRD). The ultraviolet–visible (UV-Vis.) spectra were 

discussed. Also, the dielectric constants were studied. 

2. Experimental details 

Aniline hydrochloride (C6H8CIN) (AniHCl, molecular weight 

(Mw) = 129.59g/mol) 59g/mol were obtained from Oxford and 

Polyvinyl-Alcohol (C6H7N) of MW= 6000 g/mol with minimum 

assay 99.5% purchased from Mallinckrott.  

The PVA solution was first prepared by dissolving PVA powder 

(5 g) in 100 ml deionized water and stirring for 3 hours. AniHCl 

powder (1.5 g) was added into the PVA solution at room tempera-

ture and continuously stirred for 3 hours until a clear solution was 

obtained. The solution was paused in Petri dish and left to dry in 

air at room temperature to obtain the desired films. The 

PVA/AniHCl blended films were cut into several pieces to facili-

tate to be exposed to laser irradiation using (CW-Diode -807 at 

power 1500 mW) at different irradiation time at (3,6,9,12 and 15) 

mints. UV- Visible measurements were performed on all samples, 

using a V-570 UV/Vis/ NIR spectrometer in absorption mode in 

the wavelength range of 190-2500 nm. X-ray diffraction meas-

urements was obtained using an X-ray diffractometer Bruker AXS 

in the 2θ Range 20-80o and dielectric constants were determined 

using LCR bridge mode 3531 Hioki.  

3. Result and discussion 

3.1. X-Ray diffraction 

The X-Ray diffraction pattern of the PANI/PVA nanocomposite 

prepared at different irradiation times (3, 6, 9, 12, and 15) mints is 

shown in Fig. (1). From Fig. (1), we observed that, no sharp peaks 

which confirm the amorphous nature of polymer blends [7]. The 

particle size D was determined from the XRD pattern according to 

the Scherrer’s equation [8], [9]. 

 

D =
K λ

β cos θ
  

 

Where, D is the particle size, K is the shape factor for the Particle 

(~0.9), β is the full width at half maximum of the peak in radian, 

and θ is the angle obtained from 2θ value corresponding to maxi-

mum intensity peak in XRD pattern. 

The particle size are decrease with increasing the irradiation time 

as shown in Table (1). The decrease in the particle size with in-

creasing irradiation times may be due to hydrogen bonding be-

tween the imine and amine nitrogen sites. 
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Table 1: The Particle Size of PANI/PVA Nanocomposite at Different Irradiation Time (3, 6, 9, 12 and 15) Mints 

Time (min) Particle Size (nm) 

3 9.9 
6 7.8 

9 6.2 

12 5.14 
15 4.94 

 

                         
Fig. 1: X-Ray Diffraction Pattern of PANI/PVA Nanocomposite at Different Irradiation Times (3, 6,9,12 and 15) Min. 

 

3.2. UV-Vis absorption spectroscopy 

The UV–Vis spectra of PANI/PVA composite prepared before and 

after exposure to irradiation is shown in Figure (2). By comparing 

PANI/PVA composite and PANI/PVA composite at different 

irradiation times (3, 6, 9, 12 and 15) min., it can be observed that, 

with increasing irradiation time, the π- π* absorption band at 230 

nm and n-π* absorption band at 286nm are slightly shifted to-

wards higher wavelength at (232, 238, 236, 236, 236) nm and 

(292, 296.296, 294, 296) nm respectively. This red shift which 

indicates that, the conjugation chain of PANI enlarged and ex-

pected to lower the absorption energy [10-12]. Also, there are new 

bands appeared at (556,564,564,562 and 564) nm for irradiation 

time at (3, 6, 9, 12 and 15) min. respectively which corresponded 

to π- polaron transition, which are characteristic the protonated 

PANI [13-16]. This band is ascribed to cation radicals [17], and 

indicates the formation of bipolarons and PANI in emeraldine salt 

form [18-20]. 

 

 

                    
Fig. 2: UV-Visible Spectrum of PANI/PVA Nanocomposite before and After Irradiation at Different Times (3, 6, 9, 12 and 15) Min. 
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3.3. Dielectric properties 

3.3.1. Dielectric constant 

The variation of the real part of dielectric constant PANI/PVA 

composite and PANI/PVA nanocomposite films prepared at dif-

ferent irradiation times, (3,6,9,12 and 15 )min., as a function of 

frequency ranging from 500 kHz to 5 MHz and measured at dif-

ferent temperatures (303,333,363 and 393) Ko are shown in Figure 

(3(a-f)). From figure, it is clear that the dielectric constant increas-

es with increasing of temperature. This increase may be attributed 

to the orientation of the dipoles which formed from the charge 

carriers. The increase in temperature increases the ability of di-

poles to align along the applied field [21] and thereby increasing 

the effective length of dipole which, in turn, should cause increas-

ing the capacitance [22] and hence increase the dielectric constant. 

These phenomena in dielectric materials are associated with a 

frequency- dependent orientational polarization. However, in 

nanocrystalline materials, the space charge polarization plays a 

significant role. This is due to the large number of electron and 

hole traps at the surface of nanomaterials. 

 At low frequencies, the permanent dipoles align themselves along 

the field and contribute fully to the total polarization of the dielec-

tric. At higher frequencies, the variation in the field is too rapid for 

the dipoles to align themselves, so their contribution to the polari-

zation and, hence, to the dielectric permittivity can become negli-

gible. Therefore, the dielectric permittivity decreases with increas-

ing frequency. 
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Fig. 3: (A-F)): Variation of Dielectric Constant for PANI/PVA Composite and PANI/PVA Nanocomposite with Irradiation Time at (3, 6, 9, 12 

and 15) Min., As Function of Frequency at Different Temperature. 

 

The variation of the real part of dielectric constant for PANI/PVA 

composite and PANI/PVA nanocomposite films slightly decreased 

with increasing of frequency up to 2.5 MHz. This may be attribut-

ed to the tendency of dipoles in PANI/PVA composite and 

PANI/PVA nanocomposite to orient themselves in the direction of 

the applied field. However, by increasing frequency the dielectric 

(έ) constant increases to reach a maximum value about 4MHz. 

This may be due to the release of the frozen dipoles and their co-

operative motion with adjoining segments in the main chain and 

this frequency the molecule started to rearrange their confor-

mations. The dielectric values were decreased again in the 

PANI/PVA composite and PANI/PVA nanocomposite up to 

5MHz. This may be due to the increase of charge carriers in which 

decrease the dielectric constant. The effect of high frequency on 

(έ) is very clear in all samples under investigation such that by 

increasing frequency, (έ) It deceases until it reaches a minimum at 

5 MHz. It could be explained by dipoles orientation, which diffi-

cult to rotate at high-frequency range [23]. On the other hand, it 

can explain the increase of the dielectric permittivity with increas-

ing temperature by the increase in polarization as the segmental 

parts are oriented by the external field accompanied by the applied 

frequency. It can also be seen that, the dielectric constant almost 

decreases with the increase of frequency due to the dielectric dis-

persion. This is because the dipoles cannot follow the alternation 

of the field without a measurable lag because of internal retarding 

or friction forces. 

3.3.2. Dielectric loss 

The variation of dielectric loss ε" for PANI/PVA composite and 

PANI/PVA nanocomposite with increasing the irradiation times, 

at (3, 6, 9, 12 and 15) mints, as a function of frequency in range 

(500 KHz-5MHz) at different temperatures (303,333,363 and 393 

Ko) is shown in Fig. (4 (a-f)). From these figures, clearly, all die-

lectrics have two types of losses [24]. One is a conduction loss, 

representing the flow of actual charge through the dielectric. The 

other is a dielectric loss due to movement or rotation of the atoms 

or molecules in an alternating electric field.  
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Fig. 4: (A-F)): Variation of Dielectric Loss of PANI/PVA Composite without and with Irradiation Time at (3, 6, 9, 12 and 15) Min. as Function of Fre-

quency at Different Temperatures. 

 

Dielectric loss exhibits two loss maximum; one around lower 

frequency and the other around higher frequency. The first dielec-

tric loss maximum at lower frequency, ≈15 KHz corresponds to 

the-relaxation peak and the second dielectric loss maximum at 

higher frequency, ≈ 3.5 KHz depicts α'-relaxation peak, may be 

assigned to ion's migration in the disordered structure of the 

PANI/PVA nanocomposite as indicated by Einfeldt et al .[25], 

[26].  

Also, this is may be attributed to the increased mobility of polar 

groups and increase in the number of mobile dipoles at this fre-

quency [27]. Also, after the maximum peak at ≈ 3.5 MHz the (ε") 

was decreased again due to the low distributed of the orientational 

dipole due to the decreasing in the crosslinkage [22]. 

3.3.3. Dielectric loss angle (dissipation factor) 

The variation of loss factor (D= tan δ) with frequency at different 

temperatures of PANI/PVA composite and PANI/PVA nanocom-

posite with increasing the irradiation times, at (3, 6, 9, 12 and 15) 

min., as a function of frequency range (500 kHz to 5 MHz) at 

different temperatures (303, 333, 363, and 393 K o) are shown in 

Fig. (5 (a-f)). From these Figures it is clear that (tan δ) increases 

with the increase of temperature at all frequencies. The variation is 

most prominent at lower frequencies. At higher temperatures the 

decrease in (tan δ) with frequencies is more rapid. The increase in 

(tan δ) especially at higher temperature and in the low frequency 

region is presumably due to the increase in the number of thermal-

ly generated free carriers [28]. 

Therefore, we determined composites by observing the frequency-

independent value of tan δ obtained from a multi frequency plot of 

tan δ vs. frequency. The general trend is a steady decrease in the 

tan δ = (ε′′/έ) values with increasing frequency due to the rela-

tively dominant contribution of the storage dialectical constant to 

the loss constant. By comparing (tan δ) of PANI/PVA composite 

with PANI/PVA nanocomposite, it can be seen that, the phase 

transition of PANI/PVA composite at frequency (27.8) ×105 Hz, 

shifted to (28.09, 29.29, 30.37,31.79 and 33.2) ×105 Hz, for 

PANI/PVA nanocomposite at (3,6,9,12 and 15 )min., respectively.  
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Fig. 5: (A-F)): Variation of Loss Factor of PANI/PVA Nanocomposite without and with Irradiation Time at (3, 6, 9, 12 And 15) Min., as Function of 
Frequency at Different Temperature. 

 

The apparent relaxation times are calculated from the equation:  

 

log(τ) = log (
ε′′

ω
) − log(έ − ε∞)                                                 (3) 

 

Where ω is the angular frequency and, ε∞ is the unrelaxed constant 

(the dielectric constant obtained at such a high frequency that no 

dipole relaxation takes place) and τ is the relaxation time.  

Applying linear fitting for the data in Fig. (6 (a-f)), the values of 

relaxation time (τ) could be obtained for the investigated samples 

with increasing the irradiation times, at (3, 6, 9, 12 and 15) min., 

as a function of frequency at different temperatures are shown in 

Figure and are listed in Tables (2). From this tables, it can be ob-

served that relaxation time of PANI/PVA composite is higher than 

that of PANI/PVA nanocomposite due to stronger bonds in pure 

polyaniline chain than nanocomposite. This attributed to the mo-

lecular motion in this transition and the dipoles are more free in 
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the present sample.This can be attributed to the incorporation of 

ions between the polymer chains which make destruction in the 

internal interaction. Also it can be observed that the relaxation 

times become shorter as the irradiation increased which indicates 

that multiple path of the system to be relaxed due to high availa-

bility of free charges. From the whole data, it can conclude that 

the relaxation time is relatively reduced with increasing tempera-

ture of sample; this may be due to intrinsic behavior [24].  

 
Table 2: Relaxation Time for PANI/PVA Composite before and after 

Different Irradiation Time 

 PANI/PVA composite 
PANI/PVA composite at 
3 min. 

Temperature 

(K) 
log (τ) τ log (τ) τ 

303 

333 

363 
393 

-7.509 

-7.404 

-7.326 
-7.303 

5.5 x -7 

5.8 x -7 

6.4 x -7 

6.7 x -7 

-7.512 

-7.454 

-7.436 
-7.423 

5.5 x -7 

5.7 x -7 

5.8 x -7 
5.9 x -7 
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PANI/PVA composite at 
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Fig. 6: (A-F): the Relation between Log Τ and 1/T (K) -1 for PANI/PVA Nanocomposite before and after Irradiation Times At (3, 6, 9, 12 and 15) Min., as 

Function of Frequency at Different Temperature. 
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4. Conclusions 

XRD pattern of PANI/PVA nanocomposite suggests that, it has an 

amorphous structure, and the particle size decrease with increasing 

irradiation times (3 6, 9, 12 and 15) min. The electrical properties 

have been determined and discussed. 
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