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Abstract: 

The Conducting polymeric materials have many physical properties which enable them to use 

invarious field like bioengineering, electronic, optical, chromic, electrical and medical 

engineering etc.Such one of promising candidate, polyaniline was synthesized via chemical 

oxidative polymerization process in acidic hydrochloric medic, taking potassium dichromate as 

an oxidant with doping of cobalt nitrate in different concentrations. The prepared doped 

polymeric composites were characterized by UV-visible spectroscopy, X-ray diffraction and dc 

conductivity measurement techniques. The UV-visible spectra of prepared composites revealed 

that the band gap decreases continuously with increases in dopant cobalt nitrate concentration 

and the peaks exhibiting the presence of charged particles. X-ray diffraction patterns of 

powdered composites showed amorphous nature as most conducting polymers exhibit. The DC 

conductivity of polymer composites has been measured in a specially designed measurement 

holder by two probe method in temperature range of 300-400 K and significant enhancement in 

dc conductivity has been observed with dopant and increase in temperature, proving the 

semiconductor nature of synthesized polymer composites. 
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1.Introduction: 

Conducting polymeric materials find applications in a number of scientific and technological 

fields and we can say that these synthetic polymers are important pillars of our civilization. In 

the pristine form polymers are generally found to be insulators but these are various 

polymerization techniques to make them conductive. Conductive polymers are special synthetic 

polymers having distinctive electrochemical properties involving conjugated chains with 

alternating single and double bonds [1]. Among conducting polymers, Polyaniline has 

outstanding potential applications in nearly all traditionally dominated semiconducting material 

scientific fields due to less toxicity, good environmental stability, high electrical conductivity 

and nanostructured morphology. The understanding of the relations between structural hierarchy 

and macroscopic behaviour, brought about by polymer physics, led to important modifications of 

existing polymers and the development of new polymeric materials with added value. When such 

polymers are chemically treated with oxidizing/reducing agents, some of them behave as 

conductors with considerable electrical conductivity. So, being a novel candidate, polyaniline 

with backbone modifications have applications in electric, electronic, chromic, optical, drug 

delivery, tissue engineering, biosensors, nerve regeneration, batteries, EMI shielding  and other 
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countless  techno-scientific applications [2-4]. Chemical oxidation polymerization route is 

generally used to make polyaniline in bulk quantities and it can be doped by several methods/ 

charge transfer techniques forbackbone modification to acquire better electrical/electronic 

properties. Both doping methods yield doped polyaniline composites with an increase in 

electrical conductivity by several orders of magnitude [5].Various dopants and solvents for 

control of physical and chemical properties of polyaniline have been examined. The emeraldine 

form of polyaniline can be converted to the conductive form via oxidation doping at the amine 

nitrogen atoms. 

From last decades, conductive polymers, speciallypolyaniline appeared as a novel candidate in 

medical science, especially in neuroscience to stimulate the growth of cells, coating of dry 

electrodes used for monitoring biopotential, repairing sciatic nerve injuries [6-8]. As polyaniline 

is simultaneously biodegradable and conductive so it is an ideal candidate to repairelectrically 

excitable tissues such as tissues in heart, bone, nerve, skin etc.[9]In the present work host novel 

polyaniline was synthesized by chemical oxidation polymerization and polyanilinecobalt nitrate 

polymeric composites were prepared by chemical doping of the host polymer with different 

concentrations of cobalt nitrate to get a noted electrical conductivity value. To find out the 

influence of the cobalt nitrate on the polyaniline, the prepared doped polymeric composites were 

characterized by UV-visible spectroscopy, X-Ray diffraction and dc conductivity measurements.  

2. Experimental methods: The polyaniline (99.9 %, Merck, India), Potassium dichromate (99 

%, S.D. Fine Chemicals, India), hydrochloric acid (99 %, Qualigens Chemicals, India), 

tetrahydrofuran (99.9 % Merck, India), 28 % ammonia solution in water (S.D. Fine Chemicals, 

India) and cobalt nitrate ( Hi–Media Chemicals, India) all these chemicals were of analytical 

grade and twice purified distilled water were used for polymerization process.The distilled 

polyaniline (0.1 M) was cooled up to 280 K and stirred throughly by adding drop wise potassium 

dichromate (0.1 M) as an oxidant in hydrochloric acid medium (1 N) as suggested by 

MacDiarmid [10]. The prepared mixture was again cooled down to 280 K for 24 h to get pristine 

form of polyanilinewith completion of the polymerization process. The obtained precipitates 

were filtered, washed with distilled water thoroughly, treated with aqueous ammonia solution 

and again washed with distilled water until the filtrate become colorless and neutral as measured 

by both pH paper and pH electronic meter. The dark colored polyaniline powder was dried in 

oven by increasing temperature at regular intervals up to 350 K for 48 h to acquire moisture free 

host polymer. The dried powder of polyaniline was grinded to very fine. Now 2 gram grinded 

powder of polyaniline and cobalt nitrate with different concentrations ( 3, 6, and 10 % (w/w)) 

were added in 15 ml tetrahydrofuran plus 5 ml distilled water solution with mechanical stirring 

for one hour and again kept the solutions in an oven at 300 K for 24 h to complete the chemical 

doping process. To getmoisture free composites for characterization, the doped composites were 

placed in oven at 380 K for 4 h.m Samples for UV-visible spectra were prepared by dissolving a 

small amount of composites in tetrahydrofuran in quartz cuvvets. Hitachi 330, UV-visible 

spectrometer was used to record the absorption spectra in wavelength range of 200-800 nm. The 

pellets containing homogeneous mixture of potassium bromide and composites were used to take 
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the FTIR spectra in wavenumber range of 400-4000 cm
-1

 by FTIR spectrophotomer (Perkin 

Elmer) having resolution of 1 cm
-1

. X-ray diffractometer (X’Pert Pro PANalyticals’s) having 

wavelength 1.5406 Å (CuKα1) was employed for structural analysis of composites. For 

analyzing dc conductivity, the pellets with dimensions of 10 mm diameter and 1 mm thickness of 

pristine polyaniline and doped composites were made by applying 3 ton/cm
2 

pressure using 

hydraulic pellet press (Kimaya, WT-324). The dc conductivity was measured by specially 

designed sample holder (potential difference 0-15 V) using two probe method in the temperature 

range 300-400 K using Pico-ammeter (Keithley, 617). 

3.UV-Visible spectra:The UV-Visible spectra of pristine polyaniline and doped polymer 

composites with dopant concentrations of 3, 6 and 10 % (w/w) are shown in Fig.1 (a-d) below  

 

Fig.1(a) 

 

 

Fig.1(b) 
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Fig 1(c) 

 

Fig 1(d) 

The UV electronic spectra showed mainly absorption bands appeared at ~ 340, 430, 680 and 790 

nm. As per spectroscopic data, we know that band at about 340 nm attributed to the π - π* 

exciton transition [11]. The polaron absorption band at ~ 430 nm depicts the π - π* electronic 

transitions of benzene rings [12-13]. The absorption band at ~ 680 nm is attributed to excitonic 

transitions and it is very sensitive to the overall oxidation of the polymerization [14]. The 

polaron absorption bands, visible at 430 and 790 nm, are due to the π-polaron and polaron- π* 

band transitions respectively and are conformation of the conductive form of the polyaniline 

[15].  

The optical band gap (Eg) of the polymer composites was determined using the famousTauc’s 

relation [16] 

αhυ=A(hυ-Eg)
n
(1) 
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where α is the absorption coefficient, hυ is the energy of the incident photon and A is a 

proportionality constant. The band gaps for the 3, 6 and 10 % (w/w) cobalt nitrate 

dopedpolyaniline composites are found to be 3.8,3.2 and2.8 eV respectively, and for the 

undopedpolyaniline it is4.6 eV. The band gap decreased continuously with increase in dopant 

concentration. It is fact that the values of energy band gap are also influenced by various factors 

like experimental conditions during the synthesis, degree of polymerization, monomer-oxidant 

ratio, temperature, etc. [18-19].  

4.XRD studies: The XRD patterns of polyaniline-cobalt nitrate composites are shown in Fig.2 

(a-c). The X-ray diffraction patterns provide significant information in relation to the nature and 

structure of the prepared samples. The figures do not show any sharp peaks in undoped, 3% and 

6 % doped polymer composites and suggest a purely amorphous nature of all the polymer 

samples. However in 10 % doped sample we found some semicrystallinebehavior  in structure 

[3].The XRD pattern of polymer generally differs due to uncertainty in polymeric chains and it 

also depends on the synthesis route, solvent and ionized state [19-20]. Researchers tried different 

methods to align the chain more perfectly in conducting polymer [21]. 

 
Fig 2 (a) 

 

 

Fig 2 (b) 
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Fig 2 (c) 

 

Generally assumed that a well crystallized polymer alwayspossesses higher conductivity due to 

streamline polymer chain and charged particle mobility [22].However, chemical doping to 

increase the charge carriersmay distort the order of material, hence no surety to get desired high 

value of electrical conductivity, so it is challenge to keep good charge transport pathways in 

doped polymers [23]. 

 

4.DC Conductivity: In  case of polymers doping process, there is insertion of metal ions into 

the whole polymer backbone rather than just at the surface and as a result, we get a sufficient 

amount of charge carriers per unit volume. The conduction mechanism in conducting polymers 

is much different as to semiconductors. Due to applied voltage, there is appearance of strong 

coupling between electrons and phonons which causes lattice distortions leads to formationof 

new quasi-particles;solitons, polarons and bipolarons, so the charge transport is through these 

polarons and bipolarons. As the applied field increases the formation of polarons and bipolarons 

increases which contributes to the increase in current with applied voltage [24-25]. The dc 

conductivity of polyanilinecobalt nitrate polymeric composites was measured by a two-probe 

method using a specially designed sample holder in the temperature range 300-400K. For the 

pristine polyaniline sample, the conductivity was 6.93x10
-8

 S/cm, while in the case of the 3, 6 

and 10 % (w/w) doped polymer composites, the values of conductivity at room temperature 

(300 K) were 6.34 x10
-6

 ,2.82x10
-4

 and 1.77x10
-3

 S/cm It was also observed that at 400 K, 

conductivity increased significantly with temperature, exhibiting the semiconductor behaviour 

of prepared doped polymer samples.  
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