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Abstract 

The present work reports(PANI/PVA) nanocomposite with different irradiation laser 

times were prepared. The result of transmission electron microscope (TEM) indicated 

that the morphology of PANI/PVA nanocomposite has a regular spherical shape. The 

molecular structures had been studied using Fourier Transform Infrared Spectrometer 

(FTIR) and the spectra of PANI/PVA nanocomposite were formed in emeraldine salt 

form, which consists of benzonid and quinoid.  . 

The conductivity measurements show that the initially electrically insulating 

PVA/AniHCl blend has been transformed into the electrically conducting PVA/PANI 

nanocomposites where the conductivity increases by increasing irradiation times. The 

conduction mechanism had been explained 

Key words:PANI/PVA nanocomposites,TEM,FTIR and  Dc electrical conductivity. 

 

Introudication 

Nanoscale materials, as a set of substances, where at least one dimension is less than 

approximately 100 nanometers,a approximately 100,000 times smaller than the 

diameter of a human hair,(Surowiak et al.,2001: and Lines et al., 2008). Conducting 

polymers are polymers containing an extended π- conjugated system, made up of 

overlap of singly occupied p orbitals in the backbone of the polymer chain (Weder, 

2005:Gospodinova and Terlemzyan, ,1998: Schreiberet al., 1995:Detsriet 

al.,2009: and Pron and Rannou,2002). Although conducting polymers possess a 

relatively large number of delocalized π–electrons, a fairly large energy gap exists 

between the valence band and the conducting band (greater than 1 eV). Thus these 

polymers are considered to be semiconducting, at best.  
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These polymers must be doped (usually to the number of π–electrons) in order to 

render the polymers truly conducting. 

Nanocomposites are a special class of materials originating from suitable 

combinations of two or more such nanoparticles or nanosized 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 (Wang et 

al.,2007: and Wang and Shi, 2007). Novel properties of nanocomposites can be 

derived from the successful combination of the individual characteristics of parent 

constituents into a single material. To exploit the full potential of the technological 

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

good processability (Song et al.,2004: and Caruso,2001) . Polyaniline (PANI) is one 

of the most important conducting polymers, it's easy preparation and doping process, 

environmental stability, and potential use as electro chromic device, as sensor and as 

corrosion protecting paint. These properties turned (PANI) attractive to use in solar 

cells, displays, lightweight battery electrodes, electromagnetic shielding devices, and 

anticorrosion coatings. Also Polyaniline have better electrical, electrochemical, 

physical, optical properties and good stability than other conducting polymers 

(MacDiarmidet al., (1998) . Polyvinyl alcohol (PVA), a colorless, water-soluble 

synthetic resin employed principally in textiles and paper treatment. The excellent 

chemical resistance and physical properties of PVA resins have led to broad industrial 

use .Moreover, it has high electrical resistivity (3.1 − 3.8) x 10
7
 Ω, leading to the 

extremely excellent antistatic properties of the film. (PVA) is used in sizing agents 

that give greater strength to textile yarns and make paper more resistant to oils and 

greases.  

2- Materials and Methods 

2.1Chemicals 

Aniline hydrochloride (AniHCl ,(C6H8CLN), molecular weight = 129.59g/mol) 

(Oxford) and deionized water. 

Polyvinyl-Alcohol (C6H7N) of molecular weight 6000 with minimum assay 99.5% 

purchased from Mallinckrott.  

2.2Experimental procedure 

The (PVA) solution was first prepared by dissolving (PVA) powder (5 g) in deionized 

water (100 ml) and exposed to continuous stirring for 3 hours. AniHCl powder (1.5 g) 

http://www.britannica.com/EBchecked/topic/499227/resin
http://www.britannica.com/EBchecked/topic/547191/sizing
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was added to the (PVA) solution at room temperature and continuously stirred for 

approximately three hour 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 

films were then stripped from the dish to ensure complete dissolution.  

The PVA/AniHCl blend films were cut into several pieces to facilitate the 

exposure to laser irradiation using (CW-Diode -807 at power 1500 mW) at different 

irradiation  time of  (3,6,9,12 and 15) min. 

3. Result and discussion 

3.1 Fourier transforms infrared spectra of PANI/PVA composite before and 

after irradiation:- 

The FTIR spectra of the PANI/PVA composite before exposure to irradiation is 

measured in the range from 4000- 400 cm
-1

 as illustrated in Figure (1).The empirical 

formula corresponding to polyaniline is C24H20N4, The broad absorption peak at 3350 

cm
-1

 is due to stretching vibration of hydrogen bonded (O-H) of the absorbed water. 

This reflected the formation of hydrogen bonds between alcohol molecules and PANI 

chains (Zhenget al.,1997).The two bands appeared at 2942 cm
-1

 and 2917 cm
-1

are 

related to the asymmetric aromatic and symmetric aliphatic C–H stretching vibration 

respectively. The strong absorption band at 1735 cm
-1

 may be ascribed to the C═N 

stretching vibration.The band at 1651 cm
-1

 is corresponded to quinonoid (N=Q=N) 

stretching vibrations, and the band at 1436 cm
-1

 corresponding to benzenoid ( N-B-N) 

stretching vibrations respectively (Shukla et al., 2010:Xia et al., 2005: and Yu et al., 

2006).The appearance of these two bands indicates the formation of polyaniline 

(PANI) (Gupta et al., 2009: Roy et al., 1998: and Vivekanandan et al., 2011). 

By comparing  PANI/PVA composite and PANI /PVA nanocomposite at different 

irradiation times (3, 6, 9, 12and 15 ) min., we observed that the two absorption bands 

of  N=Q=N and B-N-B, for the quinonoid and the benzenoid structures at 1651cm
-1

 

and 1436 cm
-1

  shifted to higher wavenumber (1659, 1664, 1668,1668,1669) cm
-1

 and 

(1439, 1442,1442,1442,1443) cm
-1

 with increasing irradiation  time to (3 ,6 , 9, 12 and 

15) min, respectively.( Aleahmad et al., 2011and Sangamesha et al., 2014) The 

appearance of this band confirms that, the (PANI) contain the conducting emeraldine 

salt phase. 
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Figure (1):The infrared spectrum of PANI/PVA nano composite at different 

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

From the figure it can be noted  that, the stretching vibration of hydrogen bond (O-H) 

of the absorbed water of PANI/PVA composite which appeared at wavenumber  

(3350 cm
-1

) are shifted to higher wavenumber (3365,3361,3354,3354,3357) cm
-1

 at 

irradiation times (3, 6, 9, 12, and 15) min., respectively. (Yu et al.,2011). Also from 

the figure it can be shown that ,the new bands appeared in the FTIR spectrum of 

PANI /PVA nanocomposite at (2360,2361 and 2363) cm
-1

 at irradiation times (9 ,12 

and 15) min., respectively. These band are due to the stretching vibration of CH2 

group for carboxylic acid in the (PANI) .The interchain hydrogen  bonding  between  

amine  and  imine  nitrogen  sites separate (PANI) chains which has been proposed to 

be a driving force in the formation of the (PANI) nanocomposite (yang and , 

Haixiwu 2009: Laslauet al., 2009: Zhang et al., 2004: Fan et al., 1996: Laslau.et 

al., 2009:and Dinget al., 2008).The molecular interactions, such as hydrogen bonds, 

and Van-der-Waals forces are powerful driving forces for the PANI/PVA composite. 

3.2Transmission Electron Microscope (TEM) of PANI/PVA Nanocomposite by 

laser Irradiation. 

 (TEM) images and histogram of the particle size distribution of PANI/PVA 

nanocomposite exposed at different irradiation time (3, 6, 9, 12 and 15) min.,are 

shown in Figure (2:a-e). From these images, it is clear that the morphology of  
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Figure (2:a-e): TEM imageand   the  histogram of the particle size distribution of 

PANI/PVA nanocomposite with irradiation time at (3, 6, 9,  12 and 15) min. 
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PANI/PVA nanocomposite has regular spherical shape (Gandopadhyayet al.,2001) 

in the nanometer size range (6-14 nm).The nanocomposite formed with distinct 

distribution. It can be observed that the grain size decrease from (14, 12, 9, 7and  6) 

nm as the irradiation time increase from (3,6,9,12 and 15) min., respectively, as 

shown in Figure(2:a-e). 

4.3:Electrical conductivity of PANI/PVA composite before and after irradiation 

time. 

The DC electrical conductivity was calculated at room temperature and listed in Table 

(1). From this table, it is clear that, DC conductivity of PANI/PVA composite is 

1.85×10
-8

 Ω
-1

.cm
-1

 and  increase with increasing irradiation times to (7.9×10
-7

, 

4.6×10
-6

, 4.3.×10
-5,

 3.1×10
-4

 and 4.7×10
-4

.) Ω
-1

.cm
-1

 at ( 3, 6, 9, 12 and 15) min, 

respectively. The conductivity values of PANI/PVA nanocomposite increased 
 

with increasing irradiation time from 3 to 15 min., The conductivity of conjugated 

polymers critically depends on its conjugation length. 

 

Table (1): The electrical conductivity of PANI/PVA composite before and after 

different irradiation time, at room temperature. 

 

 

 

 

 

 

Time (min) 

 

Conductivity (Ω
-1

.cm
-1

) 

Without irradiation 1.85×10
-8 

3min 7.9×10
-7

 

6min 4.6×10
-6

 

9 min 4.3×10
-5

 

12 min 3.1×10
-4

 

15 min 4.7×10
-4
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The dependence of DC electrical conductivity (σDc) on the reciprocal of absolute 

temperature
T

1000
for PANI/PVA before and after irradiation were shown in Figure 

(3). From this figure, it is clear that, the conductivity for PANI/PVA composite 

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

increase can be assigned to the cooperation of two factors, the increase in the mobility 

of charge carriers and the increase in the rate of charge carrier generation (Zaidi et 

al., 1995: and Shihub and Gould, 1995).The increase in conductivity indicates that 

there is a transition from PVA/AniHCl dielectric polymer blend to PVA/PANI 

conducting nanocomposites following irradiation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): The variation of the DC conductivity with 1000/T as a function of 

PANI/PVAnanocomposite at different irradiation times (3,6,9,12 and 15) mints. 
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Also, we have to choose the model that will best fit our result. The temperature 

dependence of the electrical conductivity of PANI/PVA composite with PANI /PVA 

nanocomposite at different irradiation times are shown in Figure (4). The figure 

shows linearity, thus, it can be suggested that the conduction mechanism in the 

investigated samples is the tunneling mechanism (Zeller, 1972) and (Ortonet al., 

1982). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4):The temperature dependence of electrical conductivity for 

PANI/PVAnanocomposite at different irradiation times, (3,6,9,12 and 15) mints.based 

on the tunneling mechanism. 
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4.Conclusion 

For FTIR the PANI/PVA nanocomposite, with increasing irradiation time, some 

vibrational bands are shifted to higher wavenumbers. Due to the H-bonding 

interaction between polyaniline chains and hydrochloric acid, and hydrogen bonding 

between the amine and imine nitrogen sites in the PANI chain. FTIR data revealed 

that, the spectra of PANI/PVA nanocomposite were formed in emeraldine salt form, 

which consists of benzonid and quinoid. From the (TEM) results, the particle size of 

PANI/PVA nanocomposite was decrease from 14 to 6 nm as the irradiation time 

increased from 3 to 15 min, and PANI/PVA nanocomposite has the spherical 

morphologies are still preserved. The increase in conductivity indicates that there is a 

transition from PVA/AniHCl dielectric polymer blend to PVA/PANI conducting 

nanocomposites following irradiation.  
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باللغة العربية ملخص 

 

 " شعة الليزرلأ و دراسة خصائصها بعذ تعريضهاتحضير متراكبات البىلى أنلين النانىمترية " 

 

أسماء المشاركين فى البحث 
 وعناوينهم 

 قعى انفٛصٚاء كهٛت انبُاث جايعت عٍٛ شًط/ د عاٚدة بدز انبٛهٗ أظخاذ الأطٛاف .أ-1

 قعى انطٛف شعبت انبذٕد انفٛصٚائٛت انًسكص انقٕيٙ نهبذٕد/د عهٗ عهٗ شبكت أظخاذ الأطٛاف.أ-2

 قعى انفٛصٚاء كهٛت انبُاث جايعت عٍٛ شًط/ ظًٛسة عبد انًُجٗ أدًد أظخاذ يعاعد الأطٛاف . د-3

 قعى انفٛصٚاء كهٛت انبُاث جايعت عٍٛ شًط/ د َجلاء أدًد شاٍْٛ يدزض الأطٛاف - 4

 قعى انفٛصٚاء كهٛت انبُاث جايعت عٍٛ شًط/ زٚٓاو كًال عبد انذًٛد يدزض الأطٛاف . د- 5

 

.   ت   نخهبٛت ًطانب انًعخٓهكٌٛ انصُاعٌٛٛـا ًخقدًـخكهفت ٔأكزز خُٔعل ُْاك دائًا ذاجت نًٔاد جدٛدة أخف ٔشُا  ٔأق

لاث ٔانبٔنًٛزاث انًٔصهت انًشٛد ٔانًشٛد ًٌ الاْخًاو لأُٓا ـشباِ ا نًٔصلأ ٔقد جذبث انًخزاكباث  انُأًُخزٛت 

. هت ًع خهك انجعًٛاث انُأًُخزٛت  لأشباِ انًٔصلاث  ـخجًع بٌٛ ًشاٛا انبٔنًٛزاث انًٔص

ٔانكًٛٛائٛت انجدٛدة   انفٛشٛائٛتفٙ خٕاصٓا اث انُأًُخزٛت نٛض فقط ـخكًٌ اًْٛت  ْذِ الأُٔاع ًٌ  انًخزاكبٔ 

،  اثـانكًٛٛاء ٔانفٛشٛاء ٔالانكخزُٔٛل فٙ ًجالاث ًخُٔعت ًز ٔاععت ٌ خطبٛقاثـا ًـنٓ نًا ضاـٔنكٌ أٛ

 .ٔعهو انًٔاد، ٔانعهٔو انطبٛت انذٛٔٛت ،صزٛاث ـٔانب

 فُٛٛم انكذٕل نخكٍٕٚ يجًٕعت يٍ انبٕنٙ أَهٍٛ  يع انبٕنٙحذضٛس  ظهعهت يٍ يخسا كباث     ٚخُأل ْرا انبذذ   

.  رى  دزاظت    حأرٛس شيٍ انخعسض عهٗ ْرِ الأفلاو ، باظخخداو أشعت انهٛصز ٔ.ٖالأفلاو فٙ انًدٖ انُإَيخس

: ٔقد اظخخديج عدد يٍ انخقُٛاث انًعًهٛت ندزاظت ْرِ انعُٛاث ْٔرِ انخقُٛاث ْٙ 

عت ـالأشرى حٕصٛف انًٕاد انُإَيخسٚت   باظخخداو يطٛاف ،  انعُٛت ا ندزاظت يٕزفٕنٕجٙانًٛكسٔظكٕب الانكخسَٔٙ

ٓا  ـت   ٔيُـدزجت يئٕٚ  ( 150-30)فٙ يدٖ دزجاث انذسازة ت ـانكٓسبٛٔصهٛت والدزاظت ث حذج انذًساء ٔحى

. نهًٕاد  انخٕصٛم انكٓسبٙ يٛكاَٛكٛت حى حذدٚد  

يخسا كباث انبٕنٙ أَهٍٛ  يع انبٕنٙ فُٛٛم ٌ أحضخ أحذج انذًساء طٛاف ايخصاص الأشعت دزاظت أ   • ٔيٍ  

 . emeraldine salt (Es)انكذٕل ٚخكٌٕ 

 

َٗ انُافر أٌ جصٚئاث يخسا كباث انبٕنٙ أَهٍٛ  يع انبٕنٙ فُٛٛم انكذٕل الإنكخسٔانًٛكسٔظكٕب   •    يٍ َخائج 

انذجى ٌ أٚضا  أٔجد  َإَيخس ٔذنك بخغٛس شيٍ انخشعٛع 6انٗ 14 ذاث شكم كسٔ٘ خازجٙ حخسأح أدجايٓا يٍ

.       ٚقم بصٚادة شيٍ انخشعٛع نهًٕاد انُإَيخسّٚ انذبٛبٙ  

 

نكم انعُٛاث فٙ يدٖ دزجاث  ((DC conductivity انًٕصهٛت انكٓسبٛت ٔقد اشخًهج اندزاظت أٚضا عهٙ قٛاض •

دزجت يئٕٚت ٔق أظٓسث انُخائج شٚادة فٙ انخٕصٛهٛت بصٚادة دزجاث انذسازة يع شٚادة  (150-30)انذسازة يٍ 

 .شيٍ انخشعٛع ٔٚسجع ذنك إنٗ شٚادة دسكٛت انشذُاث ٔكرنك يعدل انشذُاث انًخٕندة 
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 Tunnelingٔقد دنج انُخائج عهٗ أٌ آنٛت انخٕصٛم حخبع ، ٔقد حى دعاب طاقت انخُشٛط انلاشيت نعًهٛت انخٕصٛم 

model.  


