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Abstract- The combination of conducting nanoparticles and 

conducting polymers is a new area of research. The conducting 

polymer nanocomposites have both advantages of low 

dimensional systems and organic conductors. With this nanofibre 

morphology, the dispersibility and processibility of polyanilines 

can be improved. 

The aim of this literature is to provide a survey of previous 

findings of researchers related to metal oxide nanocomposite 

polyaniline. In this paper we reviewed the properties, methods of 

synthesis, and various applications.  
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I.INTRODUCTION 

onducting polymers are also called organic metals. The 

delocalized molecular orbitals present in these polymers 

are responsible for conduction in these molecular wires. The 

first polymer with significant conductivity synthesized was 

polyacetylene (polyethyne). Its electrical conductivity was 

discovered by Hideki Shirakawa, Alan Heeger, and Alan 

MacDiarmid who received the Nobel Prize in Chemistry in 

2000 for this discovery. 

Electrically conducting polymers are molecular in nature and 

do not have long range order. The reduced dimensionality 

shows that the electronic properties would be generated by 

Fermi surface instabilities which occurs in one or two 

dimensional systems. This disorder in polymers explains the 

concept that in these materials even the intrinsic electronic 

states may be localized[1]. 

Two conditions to become polymers conductive: 

1-The first condition for this is that the polymer consists of 

alternating single and double bonds, called conjugated double 

bonds. 

In conjugation, the bonds between the carbon atoms are 

alternately single and double. Every bond contains a localised 

“sigma” (σ) bond which forms a strong chemical bond. In 

addition, every double bond also contains a less strongly 

localised “pi” (π) bond which is weaker. 

2-The second condition is that the plastic has to be disturbed - 

either by removing electrons from (oxidation), or inserting 

them into (reduction), the material. The process is known as 

Doping.  

The process of doping is different in inorganic 

semiconductors and organic conducting polymers. In 

inorganic semiconductors, either electron-rich or electron-

deficient sites are formed without charge transfer occuring 

between two sites. On the other hand, in organic polymers, 

doping reaction is a charge transfer reaction in which partial 

oxidation and reduction of the polymer occurs, rather than 

the creation of holes.  

There are two types of doping: 

       1-oxidation with halogen (or p-doping). 

(CHn) + 3x/2 I  →  (CHn)
+
 + I

-
3 

2- Reduction with alkali metal (called n-doping).  

(CHn) + xNa  →  →  (CHn)
x-

 + x Na
+ 

There are different types of dopants: 

Neutral dopants: I2, Br2, Na, K, H2SO4, FeCl3 etc. 

Ionic dopants: LiClO4, FeClO4, CF3SO3Na, etc. 

Organic dopants: CF3COOH, CF3SO3Na, p-CH3C6H4SO3H 

Polymeric dopants: PVS, PPS 

Neutral dopants are converted into negative or positive ions 

with or without chemical modifications during the process 

of doping. Ionic dopants are either oxidized or reduced by 

an electron transfer with the polymer and the counter ion 

remains with the polymer to make the system neutral. 

Organic dopants are anionic dopants, generally incorporated 

into polymers from aqueous electrolytes during anodic 

deposition of the polymer. 

The conductivity of organic metals depends on many 

factors such as nature of dopant, concentration of dopant, 

carrier mobility, homogeneity of doping, morphology and 

crystallinity of polymers. By changing the doping level, 

conductivity of the polymer easily obtained.  

 Among conducting polymers, polyaniline occupies a 

prominent place in potential applications because of its 

stability in air and solubility in some organic solvents. 

Polyaniline also exhibits environmental stability.  
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In recent years, the development of polymeric materials on 

nanometer scale has been receiving significant attention 

because of the benefit of its low dimension system to increase 

its applications and ease of processibility. With this nanofiber 

morphology, the dispersibility and processibility of 

polyaniline can be improved.  

II.POLYANILINE (PANI) AS A CONDUCTING POLYMER 

Polyaniline is a typical phenylene based polymer having a 

chemically flexible –NH group in a polymer chain flanked on 

either side by a phenylene ring. It can also be defined as the 

simple 1, 4- coupling product of monomeric aniline molecule. 

It is the oxidative polymeric product of aniline under acidic 

conditions and has been known since 1862
 
[2] as aniline black.  

 

Fig. 1 Main polyaniline structures n+m = 1, x = degree of polymerization 

Polyaniline exists in a variety of forms that differ in chemical 

and physical properties[3,4]. Polymerized from the 

inexpensive aniline monomer, it can be found in one of three 

idealized oxidation states: [5] 

 Leucoemeraldine – white/clear & colorless 

(C6H4NH)n 

 

Fig. 2 Leucoemeraldine 

 Emeraldine – green for the emeraldine salt, blue for 

the emeraldine base ({[C6H4NH]2[C6H4N]2}n) 

 

Fig. 3 Emeraldine salt 

 

Fig. 4 Emeraldine base 

 Pernigraniline – blue/violet (C6H4N)n 

 

Fig. 5 Pernigraniline 

Leucoemeraldine is the fully reduced state. Pernigraniline is 

the fully oxidized state  with imine links instead 

of amine links. The emeraldine form of polyaniline, often 

referred to as emeraldine base (EB), is neutral.  Emeraldine 

base is regarded as the most useful form of polyaniline due 

to its high stability at room temperature and the fact that, 

upon doping with acid, the resulting emeraldine salt form of 

polyaniline is highly electrically conducting. 

[6]  Leucoemeraldine and pernigraniline are poor 

conductors, even when doped with an acid. 

The most common green protonated emeraldine is produced 

by the oxidative polymerization of aniline in aqueous acids 

and has conductivity on a semiconductor level of the order 

of 10
0
 S cm

–1
, many orders of magnitude higher than that of 

common polymers (<10
–9

 S cm
–1

) but lower than that of 

typical metals (>10
4
 S cm

–1
) due to the presence of cation 

radicals in its structure. The positive charge on aniline units 

is balanced by negatively charged counterions, typically 

chloride or sulfate anions. Protonated PANI, (e.g., PANI 

hydrochloride) converts to a nonconducting blue emeraldine 

base when treated with ammonium hydroxide.  

 

Fig. 6 PANI-hydrochloride- emeraldine salt , green, partially oxidized, 

protonated, conducting 

 

Fig. 7 PANI-base- emeraldine base, partially oxidized, insulating 

The colour change associated with polyaniline in different 

oxidation states can be used in sensors and electrochromic 

devices.[7]Although color is useful, the best method for 

making a polyaniline sensor is to take advantage of the 

dramatic changes in electrical conductivity between the 

different oxidation states or doping levels.[8] Polyaniline is 

more noble than copper and slightly less noble than silver 

which is the basis for its broad use in printed circuit board 

manufacturing (as a final finish) and in corrosion 

protection.[9] 

http://en.wikipedia.org/wiki/Aniline
http://en.wikipedia.org/wiki/Monomer
http://en.wikipedia.org/wiki/Polyaniline#cite_note-Feast-8
http://en.wikipedia.org/wiki/Imine
http://en.wikipedia.org/wiki/Amine
http://en.wikipedia.org/wiki/Polyaniline#cite_note-9
http://en.wikipedia.org/wiki/Polyaniline#cite_note-10
http://en.wikipedia.org/wiki/Polyaniline#cite_note-Wessling-11
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III.METAL OXIDE NANOCOMPOSITES OF POLYANILINE 

The combination of polymer science and nanotechnology is 

emerging field of research. In nanocomposites at least one of 

the phase shows nanometer dimension i.e. around 10
-9

 m. 

Nanocomposites of conducting polymer are unique because of 

increase in electrical break down strength of polymers, 

melting temperature, colour, magnetization and charge 

capacity is more and interacting zone is increasing such that 

we can get our expected property. Metal oxide 

nanocomposites can be produced by several methods such as 

hydrothermal, chemical vapour deposition, chemical bath 

deposition, sol-gel and solid state techniques[10]. 

 Polyaniline (PANI)/graphene (GN) nanocomposites can be 

synthesized by in-situ chemical oxidative polymerization 

method. At room temperature, the electrical conductivity of 

nanocomposites is more than pure PANI[11]. In recent years, 

graphene-based PANI nanocomposites had developed. This is 

because of the properties of graphene and PANI. Graphene 

has unique electrical, thermal, mechanical, optical, and 

electrochemical properties. PANI is very popular conducting 

polymer due to its low cost, environmental stability, 

electroactivity and unusual doping/dedoping chemistry. The 

grapheme based PANI nanocomposites can be used in 

supercapacitors, sensing platforms, fuel cells, electrochemical 

devices, solar cells, lithium ion batteries etc.[12]. 

It seems that the electrical conductivity of the nanocompsites 

first increases with the increase in concentration of ZnO 

nanoparticles content then decreases on further increase in its 

content[13]. 

The epoxy coating containing conducting PANI-ZnO 

nanocomposites can also be prepared. It exhibits higher 

corrosion resistance[14] and provided better barrier properties 

in the paint films. 

polyaniline plays a key role in the formation of the PANI–

ZnO nanocomposite. The  interaction between ZnO and PANI 

is based on the formation of hydrogen bonding and 

electrostatic interaction between camphorsulfonic acid capped 

ZnO nanorods[15].  

There are many ways to synthesize composites based on 

conducting polymers and nobel metals. Polyaniline/Silver 

nanoparticles can be synthesized by in-situ polymerization of 

aniline in the presence of silver nitrate as precursor[16]. It may 

produce hybrid material that behavers as semiconductor at low 

temperature and as metal at high temperature. The spherical 

shaped silver nanoparticles decorate the surface of PANI 

nanofibers[17]. The Ag-PANI nanocomposite also shows the 

antibacterial activity against organisms. It is applicable in 

sensors, catalysis, batteries and electronic devices[18]. The 

nanocomposites of PANI/Ag exhibits better electrical 

conductivity and dielectric properties than pure PANI. So the 

electrical and optical properties of conducting polymers can be 

improved by using nanoparticles. 

The conductivity of PANI also increases with CuO NPs. 

The crystal structure of CuO is not disturbed in the PANI-

CuO nanocomposites. Nickel and copper oxide nanoparticle 

PANI nanofibers (NiO/CuO/PANI) can be used as a non-

enzymatic sensor for detecting glucose[19].  PANI-CuO 

nanocomposite indicate metallic property with 

orthorhombic structure[20]. So it may be used in microwave 

frequencies as absorbing and shielding materials. 

Graphene/Fe2O3 polyaniline nanofibres was also 

synthesized by some researchers which have exellent 

environmental degradation stability and good electric 

conductivity[21]. 

IV. APPLICATIONS 

Polyaniline exhibits  electron conductivity, semiconducting 

properties, and electron activity. PANI has many 

applications in various fields. Most widely it is used in 

transparent antistatic coatings, flexible electrodes, 

conducting fibers, electromagnatic screens, actuators, 

storage devices, solar batteries, electrochromatic glass, 

anticorrosive coatings, catalysts, supercapacitors etc. The 

nanostructure of polyaniline enhanced its performance and 

offer new properties. The polyaniline metal composites are 

used in ultrafast nonvolatile memory devices and for 

chemical catalysis[22]. Recently, the development of 

polyaniline/ metal oxide nanocomposites as electrode 

material is very popular. 

Polyaniline metal oxide nanocomposites have been used as 

adsorbents for removal of pollutants from aqueous solution 

because they are generally aggregated in solution, which 

lowers the adsorption capacity and slow down the 

kinetics[23]. 

V. CONCLUSION 

Polyaniline nanofibers have superior properties than 

Polyaniline. PANI nanofibers have better water 

processability and acid-base sensitivity. They are porous 

and have large surface area due to this PANI nanofibers 

show enhanced time response when they are exposed to 

chemical vapor. PANI nanofibers have numerous 

applications as compared to conventional bulk PANI. 

There are several methods for preparing PANI/Metal oxide 

nanocomposites, among them a novel, simple, and cheap 

method can be choose to prepare them and can be explored 

new properties and applications for our benefits. 
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