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                                  ABSTRACT
In recent years much attention has been paid to the organic polymer having extended π- conjugated system due to their wide application in electronic devices ,Organic light emitting diodes (OLEDs),Solar cell, super capacitors ,corrosion inhibitors and antistatic  coatings, Electromagnetic interference (EMI) shielding. Among the conducting polymer polyaniline possesses the unique, chemical and electric properties but it is not possible. The present research work deals with synthesis of copolymer Poly(aniline-co-2-sec.butylaniline)   of Aniline and  2-secbutylaniline doped with dodecyl benzene sulfonic acid (DBSA) prepared by chemical oxidative polymerization .Different formulation were considered by taking different molar ratio of monomers  to see the effect of concentration on the intrinsic properties of the copolymer. Beside chemical polymerization electrochemical polymerization were also carried to study the electrochemical properties. The resulting copolymer possesses moderate conductivity. Cyclic voltmetery have shown positive shifting in first oxidation voltage from 0.139 to 0.206 on increasing the amount of 2-secbutylaniline in the polymer matrix. Further characterized by FTIR, UV Visible, SEM, TGA, XRD and Conductivity measurement were also carried out.
                                   CHAPTER 1

INTRODUCTION OF CONDUCTING POLYMER
1.1 INTRODUCTION

        Polymers (or plastics as they are also called) are known to have good insulating properties.  Polymers are one of the most used materials in the modern world.  Their uses and application range from containers to clothing. 

         They are used to coat metal wires to prevent electric shocks.  However it is now recognized that there are some polymers which have conducting properties.  These are not necessarily complicated polymers even polyactelyene has been discovered to have these properties.  
         Conjugated polymers, also known as conducting polymers, are distinguished by alternating single and double bonds between carbon atoms on the polymer backbone. 

        The conjugated polymer with the simplest chemical structure is polyacetylene: 

                 [image: image2.jpg]AN N NN




The polymer we use for micro actuators is polypyrrole: 

                          [image: image3.jpg]



         Conjugated polymers are organic semiconductors. They have a band gap. They can emit light, the color of which is tailorable through the chemical structure.  Conjugated polymer light emitting diodes (LEDs) developed by UNIAX are expected to hit the marketplace within a year.  They can generate a current upon absorbing light, and so can be used in photovoltaic devices. The conductivity of conjugated polymers can be varied. Like silicon, their conductivity depends on the doping level. They are usually p-doped. The dopant concentration is ~30% for polypyrrole. The doping level depends on the oxidation state of the polymer, which can be electrochemically controlled. When the oxidation level is varied by the application of a potential, many of the properties of the material change, including its volume leads to applications as actuators color leads to applications in electro chromic windows and displays and can have mechanical properties like conventional polymers if blended with them.

1.2 HISTORY AND Development of Conducting Polymers

Among the many polymers known to be conductive polyacetylene, polyaniline, polypro, polythiophene, poly (phenylenesulfide), and poly (phenylenevinylene) have been studied the most. Of these, polyaniline was the first to be prepared; when in 1862, H.Letheby of the college of London Hospital in the U.K. anodically oxidized aniline in sulfuric acid.
A major obstacle to the rapid development of conductive polymers was the lack of understanding of how electrical current passes through them. All conductive polymers have one thing in common: they contain extended π-conjugated systems. 

Nobel Prize in Chemistry Salutes the Discovery of Conducting Polymers. 

Conducting polymers have found applications ranging from antistatic coatings to all-polymer integrated circuits. In 1976, a serendipitous chain of events brought together three individuals from different academic and geographical cultures to study a curious polymer, polyacetylene. The trio soon discovered that doping this polymer can change its behavior from insulating to metallic. For that work, the three: Alan J. Heeger, a physicist now at the University of California, Santa Barbara; Alan G. MacDiarmid, a chemist from the University of Pennsylvania then specializing in inorganic chemistry; and Hideki Shirakawa, a polymer chemist who has recently retired from Japan's Tsukuba University, have earned the 2000 Nobel Prize in Chemistry "For the discovery and development of conductive polymers." 

1.3 TYPE OF CONDUCTING POLYMERS
       Conducting polymers can be classified mainly into three types:

a) Electron conducting polymers

b) Proton conducting polymers 

c) Ion conducting polymers

Each polymer type has already found widespread use in many, mainly optical and electronic applications such as batteries, displays plastic wires, optical signal processing, information storage, solar energy conversion, etc.

1.4 CONDUCTIVITY:

     Conductivity can be defined simply by Ohms Law.                                                                        

     V= IR 

        Where R is the resistance, I the current and V the voltage present in the material.  Thus from this relationship conductivity is found the conductivity depends on the number of charge carriers (number of electrons) in the material and their mobility.  For example in a metal it is assumed that all the outer electrons are free to carry charge and the impedance to flow of charge is mainly due to the electrons "bumping" in to each other.  Thus for metals as temperature is increased  the resistance in the material increases as the electrons bump in to each other more as they are moving faster. 
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        Insulators however have tightly bound electrons so that nearly no electron flow occurs so they offer high resistance to charge flow.  So for conductance free electrons are needed. The diagram below shows how the conductivity of conjugated polymers like polyactelyene can vary from being a insulator to a conductor.                                                                                                                 It is well known that graphite is a good conductor, previously it was thought that polymers which substitute a carbon (e.g. adding hydrogen's to make hydrocarbons) for another atom could not conduct, however our greater knowledge of conjugated systems has enabled the discovery of conducting polymers.  As in a conjugated system the electrons are only loosely bound, electron flow may be possible.  However as the polymers are covalently bonded the material needs to be doped for electron flow to occur.  Doping is either the addition of electrons (reduction reaction) or the removal of electrons (oxidation reaction) from the polymer.  Once doping has occurred, the electrons in the pi-bonds are able to "jump" around the polymer chain.  As the electrons are moving along the molecule an electric current occurs.

        However the conductivity of the material is limited as the electrons have to "jump" across molecules so for better conductivity the molecules must be well ordered and closely packed to limit the distance "jumped" by the electrons.  This occurs better in trans undoped polyactelyene. By doping, the conductivity of the polymer increases from 10-3 S m-1 to 3000 S m-1.  An oxidation doping (removal of electrons) can be done using iodine.  The iodine attracts an electron from the polymer from one of the pi bonds. Thus the remaining electron can move along the chain.

1.5 Conductivity values of various polymers

       When we compare some common compounds with regard to conductivity, we see that the conductivities of the polymers vary considerably. Doped oxyacetylene is, e.g., comparable to good conductors such as copper and silver, whereas in its original form it is a semiconductor. Values of conductivity of various polymers are shown in table 1 given below. 
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      table 1. conductivities of CONDUCTING POLYMERS

1.6 Conductivity mechanism

        A major obstacle to the rapid development of conductive polymers was the lack of understanding of how electrical current passes through them. All conductive polymers have one thing in common: they contain extended π-conjugated systems. 

         In becoming electrically conductive, a polymer has to imitate a metal, that is, its electrons need to be free to move and not bound to the atoms. The first condition for this is that the polymer consists of alternating single and double bonds, called conjugated double bonds. Polyacetylene, prepared through polymerization of the hydrocarbon acetylene, has such a structure:

               [image: image6.png]



                                                          Polyacetylene

         However, it is not enough to have conjugated double bonds. To become electrically conductive, 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.
1.7 Doping for better conduction 

A metal wire conducts electric current because the electrons in the metal are free to move. When describing polymer molecules, we distinguish between [image: image7.png]


(sigma) bonds and [image: image8.png]


 bonds. The [image: image9.png]


bonds are fixed and immobile. They form the covalent bonds between the carbon atoms. The [image: image10.png]


electrons in a conjugated double bond system are also relatively localized, though not as strongly bound as the [image: image11.png]


electrons. Before a current can flow along the molecule one or more electrons have to be removed or inserted. If an electrical field is then applied, the electrons constituting the [image: image12.png]


 bonds can move rapidly along the molecule chain. The conductivity of the plastic material, which consists of many polymer chains, will be limited by the fact that the electrons have to "jump" from one molecule to the next. Hence, the chains have to be well packed in ordered rows.
         There are two types of doping, oxidation or reduction.    

         The doped polymer is a salt. However, it is not the ions that move to create the current, but the electrons from the conjugated double bonds. Furthermore, if a strong enough electrical field is applied, the ions can move either towards or away from the polymer. This means that the direction of the doping reaction can be controlled and the conductive polymer can easily be switched on or off (use in solid state physics).

        1.8 USES
        Conducting polymers have many uses.  The most documented are as follows        Corrosion Inhibitors                                                                                                         Compact Capacitors                                                                                                              Anti Static Coating                                                                                                   Electromagnetic shielding for computers                                                                              Smart Windows        
       A second generation of conducting polymers has been developed. These have industrial uses like,                                                                                                                                        Transistors                                                                                                                             Light Emitting Diodes (LEDs)                                                                                               Lasers used in flat televisions                                                                                                     Solar cells        
                                      CHAPTER 2

INTRODUCTION OF POLYANILINE,

POLY 2-SECONDARY BUTYL ANILINE AND ITS COPOLYMER

2.1 INTRODUCTION

Conjugated polymers were first extensively studied for their electrical conductivity and valuable optical and electroluminescence properties. Polyaniline (PANI) occupies a very significant place among these materials because of its high conductivity in the doped state. Recent developments have shown that PANI and its derivatives can also be used in the antistatic applications. For such applications, conjugated polymers or their blends with thermoplastics do not need to be highly conducting. To be used in such applications and on a large scale, materials must be soluble in common solvents.

Polyaniline itself does not satisfy these requirements and many studies have therefore focused on improving the solubility and fusibility of polyaniline.

In most cases PANI is doped with specific acids such as dodecylbenzene sulfonic acid (DBSA) or camphor sulfonic acid (CSA) and, the resulting salts are partially soluble in solvents such as NMP. 

Another approach to improve solubility in more usual solvents is the polymerization of monomers obtained from the modification of aniline. Different substituents (hydrophilic or organophilic) have been attached to the nitrogen of aniline and at the ortho or meta position of the aromatic ring of aniline. The most frequently studied have been poly (o-alkyl, -alkoxy and –sulfonated anilines) and poly (N-alkylanilines). Flexible alkyl chains and alkylsulfonic acid chains have also been incorporated directly into the polyaniline. These studies have shown that polyaniline derivatives in the doped state are less conducting than PANI but solubility is substantially improved in solvents such as chloroform, THF or DMF. Furthermore, copolymers of aniline and substituted aniline have proved to be more conducting than substituted homopolymers and more soluble than PANI. Nevertheless, this class of component has not been further developed or well characterized, principally because it is difficult to polymerize or copolymerize substituted anilines and to purify the resulting polymers. Moreover most studies concerning substituted aniline polymerization have been carried out with commercially available substituted anilines containing short alkyl chains (containing 1–4 carbons) using chemical or electrochemical methods. In contrast, there have been few investigations into polymerization and characterization of polyanilines bearing longer substituents. Indeed, these monomers do not polymerize under the conditions usually employed for the polymerization of aniline, e.g. ammonium persulfate (APS) in 1M aqueous HCl. Under these conditions, it has been reported that the hydrochloride salts of such substituted monomers precipitate due to their hydrophobic properties which hamper polymerization. More generally, we have found that the polymerization reaction occurs only if monomers are truly solubilized in the medium. We therefore investigated ways of preparing poly (aniline -co-2-secbutylanilines). 

2.2 Various form of polyaniline

The general structure of polyaniline can be expressed as shown in Fig. 1.
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                       FIG. 1 GENERAL STRUCTURE OF POLYANILINE
Table 2 gives the different forms of polyaniline according to y-value. The conductive form of polyaniline is the protonated polyemeraldine or polyemeraldine salt whose color is green and the conductivity is around 15 S cm−1, whereas the conductivity of polyemeraldine base is around 10−5 S cm−1. Note that the conductivity of a metal is around 103 S cm−1.
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                           TABLE 2. DIFFERENT FORM OF POLYANILINE
2.3 Synthesis OF POLYANILINE

 PANI is mostly synthesized by aniline oxidation either with a chemical oxidant (chemical route) or through electrochemistry. Other original synthesis is proposed like plasma polymerization, autocatalytic polymerization or inverse emulsion polymerization.
(1) Chemical oxidative polymerization of aniline 

Chemical oxidative polymerization requires three reactants: aniline, an acidic medium (aqueous or organic) and an oxidant. The more common acids are essentially hydrochloric acid (HCl) and sulfuric acid (H2SO4). Ammonium Persulfate ((NH4)2S2O8), Potassium Dichromate (K2Cr2O7), Cerium Sulfate (Ce(SO4)2), Sodium Vanadate (NaVO3), Potassium Ferricyanide (K3(Fe(CN)6)), Potassium Iodate (KIO3), Hydrogen Peroxide (H2O2) are recommended as oxidants. However, the more popular synthesis is run with a 1 mol l−1 aqueous hydrochloric acid solution (pH between 0 and 1), Ammonium Persulfate (APS) as oxidant with an oxidant/aniline molar ratio 1: 1 in order to obtain high conductivity and yield. The monomer concentration varies between 10−2 and 1 mol l−1. The solution temperature is comprised between 0 and 2◦C in order to limit secondary reactions. The duration of the reaction varies generally between 4 and 6 h. The experimental part consists of adding slowly (even drop by drop) the aqueous Ammonium Persulfate solution to the aniline/HCl solution, both solutions being pre-cooled to 0◦C. The mixture is stirred for about 1 h. The formed precipitate is removed by filtration and washed repeatedly with HCl and dried under vacuum for 48 h. The obtained material is polyemeraldine salt: polyemeraldine hydrochloride (PANI-HCl), green colored. To obtain polyemeraldine base, polyemeraldine hydrochloride is treated in an aqueous ammonium hydroxide solution (0.1 M) for about 15 h. The obtained powder is washed and dried.

(2) Electrochemical synthesis

Three electrochemical methods can be used to PANI Synthesis:

• galvanostatic method when applied a constant current,

• potentiostatic method with a constant potential,

• potentiodynamic method where current and potential vary with time.

Whatever the method is, a three-electrode assembly composes the reactor vessel: a working electrode on which the polymer is deposited, a counter electrode also named auxiliary electrode (platinum grid) and a reference electrode (in most cases, a saturated calomel electrode (SCE)).

The more common working electrode is a platinum one, but PANI depositions have also been realized onto conducting glass (glass covered by indium-doped tin oxide (ITO) electrode), Au, graphite, stainless steel. Polyaniline can be then peeled off from the electrode surface by immersion in an acidic solution.

Compared to chemical synthesis, this route presents several advantages as cleanness because no extraction from the monomer–solvent–oxidant mixture is necessary, doping and thickness control via electrode potential, simultaneous synthesis and deposition of polyaniline thin layer.

2.4 Polymerization mechanism

The various methods of polyaniline synthesis induce a multitude of polymerization mechanisms of aniline. The electrochemical polymerization mechanism seems to be the most investigated compared to the chemical one. However, a close similarity can be considered for chemical and electrochemical processes. The synthesis mechanism corresponds to a polycondensation because it proceeds by steps. The first most probable oxidation step corresponds to the radical cation formation by an electron transfer from the 2 s energy level of the aniline nitrogen atom as shown in Fig. 2.
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                          FIG. 2 FORMATION OF ANILINE RADICAL CATION
 As a kinetic point of view, it is the limiting step and a catalyst may accelerate it. Then, the reaction is autocatalyzed. This aniline radical cation has three resonance forms, given in Fig. 3. Among these three resonance forms, the form (2) is the more reactive one because, on the one hand, of its important substituant inductive effect, and on the other hand, of its absence of steric hindrance.
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                FIG.3 RESONANCE FORM OF THE ANILINE RADICAL CATION
The next step (Fig. 4), at the least in acidic medium, would be the reaction between the radical cation and the resonance form (2), the so-called “head to tail” reaction, favored in acidic medium (aqueous or organic) and corresponds to the dimer formation. Next, the dimer is oxidized to form a new radical cation, as shown in Fig. 5.
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                                                FIG. 4 DIMER FORMATION
      [image: image18.png];.QNH-QM = QNH-QW




                         FIG. 5 FORMATION OF THE RADICAL CATION DIMER
The formed radical cation can react either with the radical cation monomer or with the radical cation dimer to form, respectively, a trimer or a tetramer, according to the mechanism proposed previously, and this up to the polymer (Fig. 6).
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                                  FIG. 6 A WAY OF POLYMER SYNTHESIS
For a long time, the polyaniline was supposed to be an octamer. However, the formation of a longer chain is now proved with an average molar mass evaluated to be more than 8 X104 g mol−1.

2.5 doping OF Polyaniline

The polyaniline must be doped if associated to electronic conducting polymers. The term “doping” is employed here by analogy with semiconductors like silicon or germanium in which atoms like phosphorous or boron are introduced. Conducting polymer doping consists to insert into the polymer, electron acceptor molecules (oxidation) or electron donor molecules (reduction). The obtained polymer is then a p-type or a n-type one, respectively.

PANI is a specific conducting polymer because of its conducting mechanism induced either by the oxidation of the polyleucoemeraldine base or by the protonation of the polyemeraldine base. The two routes are sketched in Fig.7.
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                            FIG.7. DOPING MECHANISMS OF POLYANILINE
(1) Oxidative Doping

The oxidative doping is realized through chemical or electrochemical processes from the totally reduced form of PANI: polyleucoemeraldine base.

Polyleucoemeraldine base is prepared by reduction of polyemeraldine salt with phenylhydrazine or hydrazine solutions by dipping for 5 or 6 min. The chemical oxidative doping is run either with a chlorine or a less toxic iodine agents in a carbon tetrachloride solution, or with (NO)+ (PF6)−, FeCl3 or SnCl4 organic solutions, or with oxygen or hydrogen peroxide in an aqueous acidic solution. The following examples illustrate the oxidative doping with Cl2:               

                                     [image: image21.emf]
And with H2O2 in acidic solution HA:

                            [image: image22.emf]
In the latter case, the nature of the counter-ion A− (Cl−, HSO4−, H2PO4−) is controlled. When Cl2 is considered both as the oxidant and the dopant, H2O2 only oxidizes polyaniline doped with the acidic solution. Although chemical doping is a straightforward and efficient process, the control of the doping level δ is difficult. Electrochemical doping solves this problem since the doping level is determined by the voltage applied between the conducting polymer and the counter electrode. The electrochemical doping of polyleucoemeraldine base can be written as:

                          [image: image23.emf]
The counter-ions A− of the electrolytic solution are inserted in the polymer backbone.

(2) Acidic Doping

The acidic doping is a rare doping case where no change of the number of electrons associated with the polymer backbone occurs. The acidic doping consists to treat the emeraldine base with a strong acid (HCl, H2SO4) that induces the protonation of the imine sites to give the polyemeraldine salt, through a mechanism illustrated in Fig. 8.

Considering the resonant structures, charge and spin can be largely delocalized that explains the observed conductivity. 

However, drawbacks of hydrochloride polyemeraldine salt are its poor solubility in most common solvents, and its conductivity alteration with moisture and temperature. Then to improve the solubility of conducting polymers and their temperature stability (up to 200◦C), three approaches have been developed.
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                                  FIG.8. MECHANISM OF ACIDIC DOPING
 One of them implies the use of dopants other than HCl in the monomer solution. So, polyacrylic acid or other polymeric acids, acrylic acid (AA), lithium salts and voluminous acids, specially sulfonic acids with a long backbone as dodecyl benzene sulfonic acid (DBSA) or camphor sulfonic acid (CSA) (Fig 9  have been added as dopants in the monomer solution.
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                   FIG.9 CHEMICAL STRUCTURES OF DBSA (1) AND CSA (2)
Han et al. have studied the effects of DBSA and CSA dopants on thermal properties of PANI. Another approach to improve polyaniline solubility is the substitution of hydrogen atom from the aniline ring in ortho position with functional groups like CH3, C2H5, OCH3, and OC2H5 before the polymer synthesis. Polymers obtained from aniline modified by the two last functional groups are soluble in water. However, their conductivities are weak (10−1 to 10−3 S cm−1). Finally, the last approach is based on the reaction between polyemeraldine bases, once synthesized, with sulfuric acid. This leads to the substitution of a hydrogen atom of the phenyl ring by a −SO3H functional group, followed by the protonation of the imine groups to form a self-doped polymer whose formula is given in Fig. 10.
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FIG.10. REACTION PRODUCT OF POLYEMERALDENE BASE AND SULFURIC ACID
2.6 STRUCTURE OF 2-SEC.BUTYLANILINE

Structure of 2-sec.butylaniline monomer is shown in fig. 11                                      
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                          FIG. 11 STRUCTURE OF 2-SEC.BUTYLANILINE
Following are the characteristics of the monomer 2-sec.butylaniline

 Molecular Formula C2H5CH(CH3)C6H4NH2
 Molecular Weight 149.23

 Refractive index n20/D 1.541(lit.)

 Bp 120-122°C 16 mmHg (lit.)

 Fp >230 °F

 Density 0.957 g/mL at 25 °C (lit.)

Following is the structure of the poly (2-sec.butylaniline)
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                    FIG. 12 STRUCTURE OF POLY (2-SEC.BUTYLANILINE)
 where

           R= -CH3-CH (CH3)2
                (Sec.butyl group)

2.7 STRUCTURE OF COPOLYMER

     (ANILINE-CO-2-SEC.BUTYLANILINE)

Structure of Aniline and 2-sec.butylaniline copolymer is shown in fig 13
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FIG. 13 CHEMICAL STRUCTURES OF ANILINES (1) AND 2-SEC.BUTYLANILINE (2)
                             AND THEIR CORRESPONDING POLYMERS (3).
where 

            R= H or CH3-CH (CH3)2

chapter 3

characteriZation techniques

3.1 INTRODUCTION

It is important to evaluate the polymer characterization by different instrumental techniques. The following techniques are used for the characterization of polyaniline, 2-sec butylaniline and its copolymer.

1. Cyclic Voltammetry to study oxidation–reduction potential important for determining materials properties which are required to be satisfactory

            before proceeding to any device applications.

      2.   UV–Visible Spectrophotometer for absorption spectra studies; the 

            Photosensitive group and range of max can easily be assessed in UV and

            Visible ranges.

      3.   Conductivity Measurement; conductivity can be measured with most

            accuracy using four-point probe conductivity meter.

      4.   Thermal analysis using Thermo Gravimetric Analysis (TGA), the stability  

            of polymer at room temperature to high temperature is elucidated by 

            these technique.

      5.   Scanning Electron Microscopy (SEM) studies for morphology and particle

            size.

      6.   Fourier Transform-Infrared Spectroscopy.

      7.   X-ray diffraction studies on films for plane studies.

      8.   Scaning Electron Microscope (SEM) analysis.

3.2 CYCLIC VOLTAMETRY

3.2.1 INTRODUCTION
Electro analytical chemistry encompasses a group of quantitative analytical methods that are based upon the electrical properties of an analytic solution when it is made part of an electrochemical cell.
These methods make possible the determination of a particular oxidation state of an element.

OX + ne-↔Red

There are two general types of electrochemical methods: 

(i) potentiometeric (no current, equilibrium potential)

(ii) voltammetric (current measured as a function of the applied potential.       
Voltammetry is a collection of electro-analytical techniques in which information about the analyte or a physical processes is derived from the measurement of current as a function of applied potential. It is widely used by chemists for non-analytical purposes including fundamental studies on redox processes, adsorption processes on surfaces, electron transfer mechanisms, and electrode kinetics.

Cyclic voltammetry is an attractive method for teaching a number of concepts in electrochemistry. Potentiometric measurements might be described as “passive” electrochemical analyses because the voltage of the system simply responds to changes in the concentration of one or more analyte, e.g. H+ in the case of a pH probe. Electrolysis, cyclic voltammetry, amperometry and several other techniques might be described as “active” electrochemical methods because the experimenter drives an electrochemical reaction by incorporating the chemistry into a circuit and then controlling the reaction by circuit parameters such as voltage.                                                                                                                 
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                             FIG. 14 A TYPICAL CYCLIC VOLTAMMOGRAM 
                          SHOWING REDUCTION AND OXIDATION CURRENT PEAKS.
In typical cyclic voltammetry, a solution component is electrolyzed (oxidized or reduced) by placing the solution in contact with an electrode surface, and then making that surface sufficiently positive or negative in voltage to force electron transfer. In simple cases, the surface is started at a particular voltage with respect to a reference half-cell such as calomel or Ag/AgCl, the electrode voltage is changed to a higher or lower voltage at a linear rate, and finally, the voltage is changed back to the original value at the same linear rate. When the surface becomes sufficiently negative or positive, a solution species may gain electrons from the surface or transfer electrons to the surface. This results in a measurable current in the electrode circuitry. However, if the solution is not mixed, the concentration of transferring species near the surface drops, and the electrolysis current then falls off. When the voltage cycle is reversed, it is often the case that electron transfer between electrode and chemical species will also be reversed, leading to an “inverse” current peak. These features are illustrated in Figure 1. A three-electrode system design is an essential feature of all cyclic voltammetry systems, and this is incorporated in the present experiment. One of the electrodes is a reference electrode, and the three-electrode design locks the voltage of an “auxiliary” electrode, e.g. Pt, to the reference electrode using a “voltage follower” circuit. Most of the actual current flow is between the auxiliary and “working electrodes”, leaving the reference electrode essentially unchanged.

3.2.2. CHARECTRISTIC PARAMETER
The parameters of a cyclic voltammogram are the peak potential and the peak current (the peak width at half the peak current is also sometimes measured). Since there are two peaks associated with a redox reaction (one on the forward scan and one on the reverse scan), it is standard practice to quote the difference of the peak potentials and the ratio of the peak currents. 

3.2.3. ELECTROCHEMICAL CELL AND ELECTRODES

An electrochemical cell must consist of at least two electrodes and one electrolyte.  An electrode may be considered to be an interface at which the mechanism of charge transfer changes between electronic (movement of electrons) and ionic movement of ions.  An electrolyte is a medium through which charge transfer can take place by the movement of ions .  

 In a cell used for electro analytical measurements there are always three electrode functions (see below).  The first of the three electrodes is the indicating electrode also known as the test or working electrode.  This is the electrode at which the electrochemical phenomena being investigated takes place.    

The second functional electrode is the reference electrode.  This is the electrode whose potential is constant enough that it can be taken as the reference standard against which the potentials of the other electrodes present in the cell can be measured. 

The final functional electrode is the counter or auxiliary electrode which serves as a source or sinks for electrons so that current can be passed from the external circuit through the cell.  In general, neither its true potential nor current is ever measured or known.
                          [image: image32.emf]  

                                       FIG. 15 AN ELECTROCHEMICAL CELL
V’ denotes a high impedance voltmeter (no current flows between the reference and working electrodes) and ‘A’ measures the current between the working and the counter electrodes. In a cyclic voltammetry experiment, the potential of the reference electrode is varied and the current between the working and reference electrodes is measured.

(I)WORKING ELECTRODES

(i) NOBLE METAL ELECTRODES

There are a number of noble metal electrodes currently available for voltammetric studies.  In order of frequency of use, they are platinum, gold and silver followed occasionally by palladium, rhodium and iridium.  Various polycrystalline forms including sheets, rods and wires are commercially available in high purity and the materials are readily machined into useful shapes.  All of the noble metals have an over potential for hydrogen evolution.  All of the noble metals adsorb hydrogen on their surfaces although gold does so to a lesser extent.  Palladium adsorbs hydrogen into the bulk metal in appreciable quantities and is not recommended for use as a cathode in protic solvents. 

(ii)CARBON INDICATOR ELECTRODES

As an inert electrode material, carbon is useful for both oxidation and reduction in both aqueous and non aqueous solutions.  Only graphitic forms of carbon conduct and are therefore useful as electrode materials.  Ordinary spectroscopic grade graphite rods can be used for work in which the surface area of the electrode does not need to be well defined. 

(II)REFERENCE ELECTRODES 

The ideal reference electrode should posses the following properties; 
It should be reversible and obey the Nernst equation with respect to some species in the electrolyte                                                                                                                                      Its potential should be stable with time                                                                                         Its potential should return to the equilibrium potential after small currents are passed through the electrode                                                                                                                    If it is an electrode like the Ag/AgCl reference electrode, the solid phase must not be appreciably soluble in the electrolyte                                                                                                It should show low hysteresis with temperature cycling 

 One of the commonest reference electrodes is the KCl saturated calomel half cell (SCE). A simple form of this electrode can be assembled by adding to a tube, mercury metal, a small amount of solid mercury (II) chloride, several grams of solid KCl and some distilled water.  Connection to the external measuring circuit can be made by using a fine platinum wire dipping into the mercury pool. 

A glassy carbon electrode is a good choice for the working electrode. We purchased this, along with a special calomel reference electrode, from Bioanalytical Systems, Inc. The working electrode surface often requires careful prior polishing with a very fine pad, also available from Bioanalytical Systems, for good results. The special calomel electrode has a porous quartz connector between electrode and the solution to be studied. The electrical resistance of this junction is lower than that of many standard reference electrodes used, for example, in pH measurements. Higher reference electrode resistances interfere with the correct operation of the 741 chip in our experience. We store the calomel upright in a saturated KCl solution in a small dessicator to avoid problems with a dried-out junction. Any reasonable Pt electrode will serve as the auxiliary electrode.

3.3 Ultraviolet and Visible Spectroscopy

3.3.1. INTRODUCTION

UV-Visible spectroscopy is the measurement of the wavelength and intensity of absorption of near-ultraviolet and visible light by a sample. Ultraviolet and visible light are energetic enough to promote outer electrons to higher energy levels. UV-Vis spectroscopy is usually applied to molecules and inorganic ions or complexes in solution. The UV-Vis spectra have broad features that are of limited use for sample identification but are very useful for quantitative measurements. The concentration of a solute in solution can be determined by measuring the absorbance at some wavelength and applying the Beer-Lambert Law.

Since the UV-Vis range spans the range of human visual acuity of approximately 400 - 750 nm, UV-Vis spectroscopy is useful to characterize the absorption, transmission, and reflectivity of a variety of technologically important materials, such as pigments, coatings, windows, and filters.

3.3.2. INSTRUMENTATION

Most commercial UV-Vis absorption spectrometers use one of three overall optical designs: a fixed or scanning spectrometer with a single light beam and sample holder, a scanning spectrometer with dual light beams and dual sample holders for simultaneous measurement of I and Io, or a non-scanning spectrometer with an array detector for simultaneous measurement of multiple wavelengths. In single-beam and dual-beam spectrometers, the light from a lamp is dispersed before reaching the sample cell. In an array-detector instrument, all wavelengths pass through the sample and the dispersing element is between the sample and the array detector. 

The wavelength range of UV 1601 UV-Vis spectrophotometer is 190 to 1100 nm with a spectral bandwidth of 2 nm. It is a double beam spectrophotometer. The short-wavelength limit for simple UV-Vis spectrometers is the absorption of ultraviolet wavelengths less than 180 nm by atmospheric gases. Purging a spectrometer with nitrogen gas extends this limit to 175 nm. There are two light sources in this instrument: a 50 W halogen lamp having a life of 2000 hrs life for visible and NIR measurements and a deuterium lamp for UV measurements.     

The instruments automatically swap lamps when scanning between the UV and visible regions. The wavelengths of these continuous light sources are typically dispersed by a aberration corrected concave blazed holographic grating in a single or double monochromator or spectrograph. The spectral band pass is then determined by the monochromator slit width. Spectrometer designs and optical components are optimized to reject stray light, which is one of the limiting factors in quantitative absorbance measurements. Silicon Photodiode is used as a detector in this spectrometer. The diffraction grating and instrument parameters such as slit width can also change. 
3.3.3. The UV Absorption process

             [image: image33.emf]
                                 FIG. 16 UV ABSORPTION PROCESS
Four types of transition occurs in UV absorption process

 (i)  ( ( (* and ( ( (* transitions: 

       High-energy, accessible in vacuum UV ((max <150    nm). Not usually

       observed in molecular UV-Vis.

       (ii)  n ( (* and ( ( (* transitions:                

       Non-bonding electrons (lone pairs), wavelength ((max) in the 150-250 nm

       region.  

       (iii)  n ( (* and ( ( (* transitions:   

        Most common transitions observed in organic molecular UV-Vis, observed in

        compounds with lone pairs and multiple bonds with (max = 200-600 nm.

3.3.4. SOLVENTS EFFECTS

A most suitable solvent is one which does not itself absorb in the region under investigation. Most commonly used solvent is 95% ethanol.

	SOLVENT
	UPPER WAVELENGTH LIMIT

	Ethanol
	210

	Hexane
	210

	Methanol
	210

	Cyclohexane
	210

	Diethyl ether
	210

	Water
	210

	Benzene
	280

	Chloroform
	245

	THF(Tetra hydro furan)
	220

	Carbon tetrachloride
	265


                         TABLE 3  EFFECT OF SOLVENT ON WAVELENGTH
3.3.5 ABSORPTION LAW

The Beer-Lambert Law:

For most spectra the solution obeys Beer’s Law. This states that the light absorbed is proportional to the number of absorbing molecules i.e. to the concentration of absorbing molecules. This is only true for dilute solutions. A second law Lambert’s law tells us that the fraction of radiation absorbed is independent of the intensity of the radiation. Combining these two laws gives the Beer–Lambert law:

                             log10 I0 / I = εlc

IO = the intensity of the incident radiation

I = the intensity of the transmitted radiation

ε = the molar absorption coefficient

l = the path length of the absorbing solution (cm)

c = the concentration of the absorbing species

in mol dm-3
Two useful pieces of information of Beer–Lambert law are the molar absorption coefficient, ε and λmax which is the wavelength at which maximum absorption occurs. These two pieces of information are sometimes enough to identify a substance. However, if ε and λmax are known for a compound the concentration of the solution can be calculated. This is the most common application.

3.3.6 WORKING PRINCIPLE

When light either visible or ultraviolet is absorbed by valence (outer) electrons these electrons are promoted from their normal (ground) states to higher energy (excited) states. The energies of the orbital involved in electronic transitions have fixed values. Because energy is quantized, it seems safe to assume that absorption peaks in a UV/visible spectrum will be sharp peaks. However, this is rarely, if ever, observed. Instead the spectrum has broad peaks. This is because there are also vibrational and rotational energy levels available to absorbing materials. Because light absorption can occur over a wide range, light from 190 nm to 900 nm is usually used.

Valence electrons are found in three types of electron orbital. Single, or σ, bonding orbital; double or triple (π bonding orbital); and non-bonding orbital (lone pair electrons). Sigma (σ) bonding orbital tend to be lower in energy than π bonding orbital, which in turn are lower in energy than non-bonding orbital. When electromagnetic radiation of the correct frequency is absorbed a transition occurs from one of these orbital to an empty orbital, usually and the exact energy differences between orbital varies. In organic molecules double bonds which are next to each other can conjugate – join together and delocalize the electrons over all of the atoms. This lowers the energy needed to promote the outer electrons. As a consequence molecules with many conjugated double bonds can be colored because they absorb energy in the visible as well as the ultraviolet part of the spectrum example ß-carotene.

3.3.7 APPLICATIONS

Ultraviolet and Visible Spectroscopy has been mainly applied for the detection of functional groups, the extent of conjugation, detection of polynuclear compound by comparison etc. Some important application of Ultraviolet and Visible Spectroscopy are as follows:

(i)Detection of functional group: 
The absence of a band at a particular wavelength may be regarded as an evidence for the absence of a particular functional group in the compound.

(ii) Extent of conjugation:

Extent of conjugation in polyenes can be estimated. Addition in unsaturation with the increase in the number of double bonds shifts the absorption to longer wavelength.

(iii) Distinction in conjugated and non conjugated compounds:

It also distinguishes between conjugated and non conjugated compounds. The following isomers can be readily distinguished since one is conjugate and other is not.

(CH3)2-C=CH-CO-CH3
CH2=C-CH3-CH2-CO-CH3
(iv) Identification of unknown compound:

Unknown compound can be identified by comparing the spectrum with the known spectra. If the two spectra coincide the two, compound must be identical. If the two spectra do not coincide then the expected structure is different from the known compound.

(v) Examination of polynuclear hydrocarbons:

Benzene and polynuclear hydrocarbons have characteristics spectra in the ultraviolet and visible region. Thus the identification of polynuclear hydrocarbons can be made by comparison of the spectra of known polynuclear compounds.

(vi) Determination of configuration of geometrical isomers:

The results of absorption shows that cis isomer absorb at different wavelength as compare to their corresponding Trans isomers. Cis isomers suffer distortion and absorption occurs at lower wavelength.

(vii) Identification of compound in different solvents:

 Sometimes structures of compound changes with the changes in solvent. Structure of compound is identified by UV-VIS spectroscopy.

3.4 CONDUCTIVITY MEASUREMENT
4-POINT PROBE METHOD
The conductivity is usually measured by using a two-probe, four probe method and the Vander Pauw method. Selection of a particular method depends upon the range of conductivity to be measured. Where resistivity of the sample is very high, contact resistance become negligible, two point probe method is the simplest method for the determination of σdc of doped conducting polymer. The dc conductivity refers to the net charge which traverses (flow) the entire conducting polymer pellet.

 Four-points-probe method is advantageous over two-points-probe method because it overcomes the problem of contact or lead resistance. This technique is used for the determination of conductivity of doped conducting polymer films or pressed pellets.

A constant current source is used to pass a steady current through the two outermost probes and the voltage drop across the inner two probes is measured. A dc voltage of 0-40 mV is applied across the electrodes and the current passing through the material is measured by a Keithley (model 4200) electrometer in a vacuum (10-4 torr).

The dc conductivity (σdc) depends upon the net charge flowing in the sample. On the other hand, σdc is measured as a function of an alternating electric field. A difference in the behavior of σdc is expected when conduction occurs by the motion of charge carriers in the extended states by hopping among localized states (such as solutions, polarons and bipolarons) or by a transport between the metal particles embedded in host particles.

3.5 FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)

3.5.1 INTRODUCTION

Fourier Transform Infrared Spectroscopy (FTIR) is a powerful tool for identifying types of chemical bonds in a molecule by producing an infrared absorption spectrum that is like a molecular "fingerprint”                   

FTIR is most useful for identifying chemicals that are either organic or inorganic. It can be utilized to quantitate some components of an unknown mixture. It can be applied to the analysis of solids, liquids, and gasses. The term Fourier Transform Infrared Spectroscopy (FTIR) refers to a fairly recent development in the manner in which the data is collected and converted from an interference pattern to a spectrum. Today's FTIR instruments are computerized which makes them faster and more sensitive than the older dispersive instruments.

3.5.2 QUALITATIVE ANALYSIS

FTIR can be used to identify chemicals from spills, paints, polymers, coatings, drugs, and contaminants. FTIR is perhaps the most powerful tool for identifying types of chemical bonds (functional groups). 

By interpreting the infrared absorption spectrum, the chemical bonds in a molecule can be determined. FTIR spectra of pure compounds are generally so unique that they are like a molecular "fingerprint". While organic compounds have very rich, detailed spectra, inorganic compounds are usually much simpler. For most common materials, the spectrum of an unknown can be identified by comparison to a library of known compounds. WCAS has several infrared spectral libraries including on-line computer libraries. To identify less common materials, IR will need to be combined with nuclear magnetic resonance, mass spectrometry, emission spectroscopy, X-ray diffraction, and/or other techniques. 

3.5.3 QUANTITATIVE ANALYSIS

Because the strength of the absorption is proportional to the concentration, FTIR can be used for some quantitative analyses. Usually these are rather simple types of tests in the concentration range of a few ppm up to the percent level. For example, EPA test methods 418.1 and 413.2 measure the C-H absorption for either petroleum or total hydrocarbons. The amount of silica trapped on an industrial hygiene filter is determined by FTIR using NIOSH method 7602.   

3.5.4 PHYSICAL PRINCIPLES

Molecular bonds vibrate at various frequencies depending on the elements and the type of bonds. For any given bond, there are several specific frequencies at which it can vibrate. According to quantum mechanics, these frequencies correspond to the ground state (lowest frequency) and several excited states (higher frequencies). One way to cause the frequency of a molecular vibration to increase is to excite the bond by having it absorb light energy. For any given transition between two states the light energy (determined by the wavelength) must exactly equal the difference in the energy between the two states [usually ground state (E0) and the first excited state (E1)]. 

Difference in = Energy of 
Energy States    Light Absorbed

E1 - E0    = h c / l

Where h =Planks constant
             c=Speed of light and
             I=the wavelength of light

The energy corresponding to these transitions between molecular vibrational states is generally 1-10 kilocalories/mole which corresponds to the infrared portion of the electromagnetic spectrum.

3.5.5 SAMPLE PREPARATION

Samples for FTIR can be prepared in a number of ways. For liquid samples, the easiest is to place one drop of sample between two plates of sodium chloride (salt). Salt is transparent to infrared light. The drop forms a thin film between the plates. Solid samples can be milled with potassium bromide (KBr) to form a very fine powder. This powder is then compressed into a thin pellet which can be analyzed. KBr is also transparent in the IR. Alternatively, solid samples can be dissolved in a solvent such as methylene chloride, and the solution placed onto a single salt plate. The solvent is then evaporated off, leaving a thin film of the original material on the plate. This is called a cast film, and is frequently used for polymer identification. Solutions can also be analyzed in a liquid cell. This is a small container made from NaCl (or other IR-transparent material) which can be filled with liquid, such as the extract for EPA 418.1 analysis. This creates a longer path length for the sample, which leads to increased sensitivity. Sampling methods include making a mull of a powder with a hydrocarbon oil (Nujol) or pyrolyzing insoluble polymers and using the distilled pyrolyzate to cast a film. Films can be placed in an Attenuated Total Reflectance cell and gases in gas cells.

Fourier Transform Infrared Spectroscopy (FT-IR) is a popular tool for determining unknown identification and functional group presence in chemical systems. Impact Analytical has a Thermo-Nicolet Nexus series bench driven by the Nicolet Omnic software, as well as a Nicolet NicPlan IR microscope. The system includes library searching capability and many operator help functions to simplify use of the instrument.
Sampling formats include: KBr pellet, mull cells, and liquid cells, all of which can be run at variable controlled temperature. Diamond ATR accessory is also available.


3.6 THERMOGRAVIMETRIC ANALYSIS (TGA)

3.6.1 INTRODUCTION

Thermo gravimetric Analysis (TGA) is a thermal analysis technique used to measure changes in the weight (mass) of a sample as a function of temperature and/or time. TGA is commonly used to determine polymer degradation temperatures, residual solvent levels, absorbed moisture content, and the amount of inorganic (noncombustible) filler in polymer or composite material compositions. A simplified explanation of a TGA sample evaluation may be described as follows. A sample is placed into a tared TGA sample pan, which is attached to a sensitive microbalance assembly. 

The sample holder portion of the TGA balance assembly is subsequently placed into a high temperature furnace. The balance assembly measures the initial sample weight at room temperature and then continuously monitors changes in sample weight (losses or gains) as heat is applied to the sample. TGA tests may be run in a heating mode at some controlled heating rate, or isothermally. Typical weight loss profiles are analyzed for the amount or percent of weight loss at any given temperature, the amount or percent of non combusted residue at some final temperature, and the temperatures of various sample degradation processes.


TGA is a useful technique for assessing the effectiveness of oven drying solution polymerized polymer samples. The volatilization of residual solvent is typically associated with the initial weight loss process in a TGA heating run. In some cases, absorbed moisture may be liberated over this same temperature range, though. After the initial solvent (or moisture) weight loss process, TGA profiles will typically plateau to some constant weight level until the polymer degradation temperature range is reached. The weight fraction of residual solvent (or moisture) and the onset and maximum rate weight loss degradation temperatures are readily determined by TGA.

The glass fiber content of composite samples is also readily analyzed by TGA. The polymer resin is degraded and burned off in heating these types of composite specimens to high temperatures in an air atmosphere. The noncombustible glass fiber is left behind as a residue. The weight fraction of glass fiber in the composite is determined using the TGA residue analysis routine.

3.6.2 APPLICATIONS OF TGA
TGA measures the weight change in materials as a function of time and temperature. The Measurements provide basic information about the thermal stability of a chemical and its composition. TGA is one of the most commonly requested thermal techniques and it is used to characterize both inorganic and organic materials, including polymers. The measurement is typically carried out on milligram size samples with a heat rate of   10°C/min from 20° to 1000°C in a nitrogen atmosphere.

3.6.3 SPECIFIC MEASURMENT OF TGA ANALYSIS 
             Moisture and volatiles content

             Composition of multi component Systems 

             Thermal stability

             Oxidative stability

             Shelf-Life studies using kinetic analysis.

             Decomposition kinetics

             Effect of reactive atmospheres
3.7 X-RAY DIFFRACTION (XRD)
3.7.1 DEFINATIONS

The fractional decrease in intensity I of an x-ray beam as it passes through a substance is proportional to the distance traversed by the beam, x:
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Where μ is the linear absorption coefficient. This constant is dependent on the material properties, its density and the wavelength of x-rays. Integrating this equation gives: 
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Where I0 = intensity of incident beam, and Ix = intensity of transmitted beam after passing through distance x. The linear absorption constant coefficient is linearly proportional to the density of the material and is usually tabulated as the mass absorption coefficient. This gives:
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3.7.2 X-RAY DIFFRACTION EXPERIMENT

X-rays are electromagnetic radiation of wavelength about 1 Å (10-10 m), which is about the same size as an atom. They occur in that portion of the electromagnetic spectrum between gamma-rays and the ultraviolet. The discovery of X-rays in 1895 enabled scientists to probe crystalline structure at the atomic level. X-ray diffraction has been in use in two main areas, for the fingerprint characterization of crystalline materials and the determination of their structure. Each crystalline solid has its unique characteristic X-ray powder pattern which may be used as a "fingerprint" for its identification. Once the material has been identified, X-ray crystallography may be used to determine its structure, i.e. how the atoms pack together in the crystalline state and what the interatomic distance and angle are etc. X-ray diffraction is one of the most important characterization tools used in solid state chemistry and materials science.
We can determine the size and the shape of the unit cell for any compound most easily using the diffraction of x-rays. 
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  FIG. 17. REFLECTION OF X-RAYS FROM TWO PLANES OF ATOMS IN A SOLID. 
The path difference between two waves:

2 λ= 2dsinθ

For constructive interference between these waves, the path difference must be an integral number of wavelengths:

n λ= 2x 

This leads to the Bragg equation:

n θ = 2d sin θ

3.7.3 INSTRUMENTATION

The X-ray diffraction experiment requires an X-ray source, the sample under investigation and a detector to pick up the diffracted X-rays. Fig 18 is a schematic diagram of a powder X-ray diffractometer. 



[image: image38.png]Samce
(cu)

Incidens beam

Diffracted beam

ol

e
)

sanie

Detectaymoratie
Geiger C omter




              FIG. 18 SCHEMATIC OF AN X-RAY POWDER DIFFRACTOMETER 
The X-ray radiation most commonly used is that emitted by copper, whose characteristic wavelength for the K radiation is =1.5418Å. When the incident beam strikes a powder sample, diffraction occurs in every possible orientation of 2θ. The diffracted beam may be detected by using a moveable detector such as a Geiger counter, which is connected to a chart recorder. In normal use, the counter is set to scan over a range of 2θ values at a constant angular velocity. Routinely, a 2 θ range of 5o to 70o is sufficient to cover the most useful part of the powder pattern. The scanning speed of the counter is usually 2θ of 2o min-1 and therefore, about 30 minutes are needed to obtain a trace. 

3.7.4 USES OF X-RD

• Measure the average spacing between layers or rows of atoms

• Determine the orientation of a single crystal or grain

• Find the crystal structure of an unknown material

• Measure the size, shape and internal stress of small crystalline regions

3.7.5 APPLICATIONS OF XRD

• XRD is a nondestructive technique

• To identify crystalline phases and orientation

• To determine structural properties:

   Lattice parameters (10-4Å), strain, grain size, phase composition, preferred

   orientation (Laue) order-disorder transformation and thermal expansion

• To measure thickness of thin films and multi-layers

• To determine atomic arrangement

3.8 SCANNING ELECTRON MICROSCOPE (SEM)

3.8.1 INTRODUCTION
The Scanning Electron Microscope (SEM) is a microscope that uses electrons rather than light to form an image. There are many advantages to using the SEM instead of a light microscope.                            

The SEM has a large depth of field, which allows a large amount of the sample to be in focus at one time. The SEM also produces images of high resolution, which means that closely spaced features can be examined at a high magnification. Preparation of the samples is relatively easy since most SEMs ony require the sample to be conductive. The combination of higher magnification, larger depth of focus, greater resolution, and ease of sample observation makes the SEM one of the most heavily used instruments in research areas today.

3.8.2 WORKING PRINCIPLE

When the beam of electrons strikes the surface of the specimen, a large number of signals are emitted from the specimen as a result of electron beam matter interaction. It is interesting to mention here that the different signals generated in the specimen as a result of electron beam matter interaction are emitted from the different depth of the specimen. The secondary electrons emitted from various regions of the specimen surface, when it is scanned by electron probe, are detected by the secondary electron detector (located near the specimen). The detector output is amplified, level controlled and converted into video signal by video amplifier. These video signals used for z-modulation in the raster on a TV or oscilloscope screen to display a scanning image, synchronized with probe scan.
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                                      FIG. 19. SETUP FOR SEM
The resolution power of the microscope depends on the diameter of the probe and the quality of the signals obtained from the specimen. 

CHAPTER 4

EXPERIMENTAL WORK

4.1 INSTRUMENTATION

Following instruments are used in the synthesis and characterization of Polyaniline and its copolymer with 2- sec.butylaniline:
(i) Electrochemical synthesis at Autolab Potentiostat Galvanostat                                                    (ii) UV-Visible spectroscopic analysis at Shimadzu UV-Vis 1601 spectrophotometer                                                                                                                                                      (iii) Conductivity measurement at Keithly 4200 semconductor characterization   system                                                                                                                                    (iv)  FTIR analysis FTIR Spectrometer                                                                                                                     (v) TGA analysis at Mettler Toledo TGA/ SDTA 851 e                                                                                                                 (vi) XRD analysis                                                                                                                                        (vii) SEM analysis by Scanning Electron Microscope (SEM)                                             (viii) ElectroStatic charge decay measurement at Static Decay Meter 4060 of ETS (electro tech. systems) 
4.2 CHEMICAL OXIDATIVE POLYMERIZATION

4.2.1 SYNTHESIS OF POLYMERS

Polyaniline, Poly (2-sec.butylaniline) and Poly (aniline-co-sec.butylaniline) were synthesized by the following methods.

(i) Synthesis of polyaniline

Aniline monomer (0.1 M) was dissolved in 1.0 N HCl, and the solution was cooled to 0oC in an ice cooled chiller. Solution of 0.1 M  Ammonium per sulfate (APS) in 200 ml of water was then added drop wise with vigorous stirring during a period of 2 hours, after two hours reactant got mixed, the solution started to a blue green tint and became intense green as precipitate formed. After stirring at room temperature for 6 hours, precipitate was filtered and then collected in a Buckner funnel upon drying under dynamic vacuum at room temperature, polyaniline was formed.

(ii) Synthesis of poly (2-sec.butylaniline)

Poly (2-sec.butylaniline) monomer (0.1 M) was dissolved in 1.0 N HCl, and the solution was cooled to 0oC in an ice cooled chiller. Solution of 0.1 M  Ammonium per sulfate (APS) in 200 ml of water was then added drop wise with vigorous stirring during a period of 2 hours, after two hours reactant got mixed, the solution started to a blue green tint and became intense green as precipitate formed. After stirring at room temperature for 6 hours, precipitate was filtered and then collected in a Buckner funnel upon drying under dynamic vacuum at room temperature; poly (2-secbutylaniline) was formed.

(iii) Synthesis of poly (aniline-co-2-sec.butylaniline)                                    

Copolymers of aniline and 2-sec.butylaniline of different compositions were synthesized by oxidative chemical copolymerization.  Aniline monomer (0.1 M) and                                                               2-secbutylaniline (0.1N) were dissolved in 1.0 N HCl, and the solution was cooled to 0oC in an ice cooled chiller. Solution of 0.1 M APS in 200 ml of water was then added drop wise with vigorous stirring during a period of 2 hours, after two hours reactant got mixed, the solution started to a blue green tint and became intense green as precipitate formed. After stirring at room temperature for 6 hours, precipitate was filtered and then collected in a Buckner funnel upon drying under dynamic vacuum at room temperature, copolymer was formed.  
4.2.2 Undoping of directly doped polymers

The copolymer formed in the first stage is directly doped with HCl; to improve its conductivity by doping it with some other acid we undope the directly doped polyaniline, before undoping small amount of copolymer was taken out for analysis and comparison with other samples. Methanol washing is also employed (for polyaniline, not for copolymer) before polymer is taken for undoping; this is done to remove unwanted oligomers & impurities from the polymers which can reduce the conductivity of polyaniline. Undoping is normally done with a base like ammonia to neutralize the acid in the doped polymer.

Ammonia was taken in a beaker and necessary amount of water is added to form a 1N solution. Then methanol washed copolymer sample was added to the beaker and the solution formed was stirred for two hours with the help of a magnetic stirrer. After stirring complete the solution was filtered in filtering vessel. Some amount of base was taken for analysis and comparison with other samples.

 4.2.3 dedoping of undoped polymers
To see the effect of other acids on conductivity of polymer the PANI base is dedoped with other dopant acids. In our project we doped emeraldine base with dodecyl benzene sulfonic acid (DBSA) to check the effect of doping acid on the conductivity of copolymer.  

Dodecyl benzene sulfonic acid DBSA is an organic acid and is a very stable one. For dedoping polymer with DBSA, 98 ml of DBSA and water was taken in a beaker and 1 liter solution of 0.3 N was formed.  This solution was then kept on a magnetic stirrer and some amount of Polymer was added to it and then stirred for 2 hours. After stirring was complete the solution was filtered in a filtering vessel, the filtered mass was then taken out of vessel and was kept for drying in oven.

4.3 ELECTROCHEMICAL POLYMERIZATION 

Electrochemical synthesis and cyclic voltammetric studies were performed by using Autolab with PGSTAT 30 having inbuilt electrochemical system software. A three-electrode cell assembly was used with saturated calomel electrode (SCE) as the reference electrode. Platinum wire was used as counter electrode. A platinum rod of  dia 2 mm was used as working electrode. The potentials reported here are in terms of saturated calomel electrode (SCE) as reference electrode. 

For the electrochemical polymerization studies, a mixture of Aniline, 2-sec.butylaniline and DBSA was used. The commercially available aniline monomer was distilled prior to use. 9.8 ml of DBSA is dissolved in 100ml distilled water. Take this solution in reaction vessel and aniline (0.1M) and 2-sec.butylaniline (0.1M) is added in this solution. Electropolymerization was carried out through cyclic voltammetry for Aniline, 2-sec.butylaniline and DBSA by sweeping the potential in the range of –0.2 V to 0.90 V for 20 cycles while keeping the sweep rate as100 mV/s. The deposited films of Polymer were then placed in a monomer-free background electrolyte (1N DBSA) and CVs of the film-coated electrode were recorded after stabilization.

4.4 UV-VIS MEASUREMENT

The wavelength range of UV 1601 UV-Vis spectrophotometer is 190 to 1100 nm with a spectral bandwidth of 2 nm. It is a double beam spectrophotometer. Polyaniline and its copolymer 2-sec.butylaniline with different molar ratio (90:10 and 50:50) dissolved in a solvent NMP (N-Methyl pyrrolidinone) and the solution placed in cuvate. First blank solvent is used for baseline correction. After baseline correction polymer solution is used in one cuvate and solvent in second cuvete as reference. Two broad absorption peaks observed centered at 325nm and 635nm is the characteristic peaks of poly aniline.

4.5 CONDUCTIVITY MEASUREMENT

        In their base form poly (2-sec.butylanilines) proved to be insulating, with conductivity lower than 10−9 S cm−1, like polyaniline in the same base form. Electrical conductivity of HCl- and DBSA- doped polymers was measured on dry pressed pellets using the usual four-probe method. 

        We attach four Cu electrodes with the help of silver paste and after drying the paste a known current I supplied by the electrode 1 and collected at the electrode 4, whilst the potential difference ∆V between electrodes 2 and 3 was measured. A constant                                                                                                                               current source (Keithly model 4200) is used to pass a steady current through the two outermost probes and the voltage drop across inner two is measured. A DC voltage is applied across the electrodes and the current passing through the material is measured by the Keithly electrometer (Keithly model 4200) in vacuum.                                 

        4.6 FTIR ANALYSIS

For FTIR analysis, sample of polyaniline and its copolymer with 2-sec.butylaniline can be prepared by dissolving in a solvent chloroform (CHCl3), and the solution placed onto a single salt plate. The solvent is then evaporated off, leaving a thin film of the original material on the plate. This is called a cast film, and is used for polymer identification.                                                                                                                Fourier Transform Infrared Spectroscopy (FT-IR) is a popular tool for determining unknown identification and functional group presence in chemical systems. Sampling format-KBr pellet which can be run at variable controlled temperature. 


4.7 TGA ANALYSIS

A significant effect of the substitution on the thermal behavior of these substituted polyaniline was observed.

Thermo gravimetric analyses (TGA) were performed on polymers in order to estimate their thermal stability. In all cases analyses were performed between 25 and 1000◦C under nitrogen at a rate of 10◦C/min. We observed that the first degradation occurred on average at 260◦C (<15% weight loss). The real decomposition of poly (2-sec.butylanilines) (>20% weight loss) occurred at temperatures above 450◦C.

4.8 XRD ANALYSIS

The X-ray diffraction experiment requires an X-ray source, the sample under investigation and a detector to pick up the diffracted X-rays.                                                         The X-ray radiation most commonly used is that emitted by copper, whose characteristic wavelength for the K radiation is =1.5418Å. When the incident beam strikes a powder sample, diffraction occurs in every possible orientation of 2θ. The diffracted beam may be detected by using a moveable detector such as a Geiger counter, which is connected to a chart recorder. In normal use, the counter is set to scan over a range of 2θ values at a constant angular velocity. Routinely, a 2 θ range of 5o to 70o is sufficient to cover the most useful part of the powder pattern. The scanning speed of the counter is usually 2θ of 2o min-1 and therefore, about 30 minutes are needed to obtain a trace. 

4.9 SEM ANALYSIS

There are two basic types of SEM's.                                                                                                                   
1. The Regular SEM, which requires a conductive sample.

2 .A Regular SEM can be used to examine a non-conductive sample without coating it with a conductive material.

 Three requirements for preparing samples for a regular SEM such as in the Iowa State Materials Science department are: 
1) Remove all water, solvents, or other materials that could vaporize while in the vacuum. 
2) Firmly mount all the samples. 
3) Non-metallic samples, such as bugs, plants, fingernails, and ceramics, should be    coated so they are electrically conductive. Metallic samples can be placed directly into the SEM.

CHAPTER 5

RESULT AND DISCUSSION

5.1 ELECTROPOLYMERIZATION ANALYSIS
Electro polymerization of aniline, 2-sec.butylaniline and there composition in different ratio (90:10, 80:20, 70:30, 60:40 and 50:50) in DBSA and HCl medium.

 5.1.1 GROWTH  

                                                                                                                                    (I)  POLYMERIZATION OF ANILINE IN THE PRESENCE OF HCL MEDIUM
Cyclic voltammograms (CVs) were recorded continuously for 20 cycles during the polymerization of PANI; the anodic potential limit was kept at 0.90 V for the polymerization of PANI. The CVs of continuous growth of PANI is shown in fig.20
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            FIG. 20 CV OF CONTINUOUS GROWTH OF ANILINE IN HCl MEDIUM
The CVs representing the growth of PANI possess twin redox processes with progressive increase in peak current values. Cyclic voltammograms reveal a set of anodic and cathodic peaks. The first anodic peak was noticed at 0.6 V. The second oxidation peak can be seen as the leading edge of the peak which would occur beyond 0.75 V. The steady increase in the peak current values of these peaks signifies the continuous buildup of PANI film on the electrode surface. A green colored deposition of PANI was visibly witnessed. The color of the electrolyte medium did not change revealing the absence of oligomeric dissolution. 

(II) POLYMERIZATION OF 2-SEC.BUTYLANILINE IN THE PRESENCE OF DBSA MEDIUM

The CVs representing the growth of 2-secbutylaniline possess twin redox processes with progressive increase in peak current values. Cyclic voltammograms reveal a set of anodic and cathodic peaks. The first anodic peak was noticed at 0.4 V. The second oxidation peak can be seen as the leading edge of the peak which would occur beyond 0.50 V. The steady increase in the peak current values of these peaks signifies the continuous buildup of Polymer film on the electrode surface. A green colored deposition of Polymer was visibly witnessed. The color of the electrolyte medium did not change revealing the absence of oligomeric dissolution. 
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FIG. 21 CV OF CONTINUOUS GROWTH OF 2-SECBUTYLANILINE IN DBSA MEDIUM
(III) COPOLYMERIZATION OF ANILINE AND 2-SEC.BUTYLANILINE IN DBSA MEDIUM 

The CVs representing the growth of (aniline-co-sec.butylaniline) possess twin redox processes with progressive increase in peak current values. Cyclic voltammograms reveal a set of anodic and cathodic peaks. The steady increase in the peak current values of these peaks signifies the continuous buildup of Polymer film on the electrode surface. A green colored deposition of Polymer was visibly witnessed. The color of the electrolyte medium did not change revealing the absence of oligomeric dissolution.

The CVs representing the growth of (aniline-co-sec.butylaniline) in 90:10, 80:20, 70:30, 60:40 and  50:50 molar ratio is shown in figures.                             
[image: image42.wmf]-0.2

0.0

0.2

0.4

0.6

0.8

1.0

-0.0004

-0.0002

0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

i / A

E / V

ANBN IN 9:1 RATIO  



 EMBED Origin50.Graph  [image: image43.wmf]-0.2

0.0

0.2

0.4

0.6

0.8

1.0

-0.0004

-0.0002

0.0000

0.0002

0.0004

i/A

E / V

ANBN  IN 8:2 RATIO 

 

                    (i) 90:10 ratio                                       (ii) 80:20 ratio
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                  (iii) 70:30 ratio                                                (iv) 60:40 ratio
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                                                 (v) 5:5 ratio
                   FIG.21 CV OF CONTINUOUS GROWTH OF COPOLYMERS
5.1.2 CYCLIC VOLTAMETRY

The cyclic voltameteric response of the polyaniline, 2-secbutylaniline and its copolymer (90:10, 80:20, 70:30, 60:40 and 50:50 ratio) doped with dodecyl benzene sulphonic acid (DBSA medium) on the electrode surface shows two anodic peak potentials (Epa1,Epa2) and two cathodic peak potentials (Epc1,Epc2) as shown in figures.

The CV patterns of the stabilized polymer film deposited are presented in Fig.23. The peak potentials for the twin redox processes were found to be close to the values noticed during copolymerization. This implies that peaks noticed in the CVs during copolymerization are due to the redox characteristics of the deposited polymer.

Fig 23 shows the cyclic voltammogram of polyaniline and poly (2-sec.butylaniline) in DBSA medium. Fig.23 show the cyclic voltammogram of copolymers by varying the molar ratio of 2-sec butyl aniline to aniline in the solution. The comparison of peak potential data indicates that the first redox value of polyaniline in DBSA medium lies at 0.139 V vs Saturated Calomel Electrode (SCE), whereas the first peak potential value of poly(2-Sec butylaniline ) lies at 0.206 V. However, on increasing the mole ratio of sec butyl aniline in copolymers, the peak potential value shifts from 0.139 V to 0.193 V in 0.9 : 0.1 mole ratio to 0.195 V in 0.8:0.2 :: aniline: 2-sec-butyllaniline to 0.200 V in 0.5:0.5::aniline: 2-secbutylaniline. This implies that the copolymerization leads to larger peak potential shift, associated with electron transfer which implies that the presence of bulky sec butyl group in the copolymer chain induce some non planar configurations that decrease the conjugation along the polymer backbone which is responsible for the positive shift in the oxidation potential. Oxidation potential of aniline, 2-sec.butyl aniline and there composition are shown in the following table 4.
	Aniline:2 sec.butylaniline

in DBSA medium
	Anodic Redox Potential Epa (V) vs SCE



	AN:BN   (100:0)
	0.139,0.454

	AN: BN  (90:10)
	0.193, 0.559

	AN: BN  (80:20)
	0.195,0.510

	AN: BN  (70:30)
	0.197,0.491

	AN: BN  (60:40)
	0.200,0.480

	AN: BN  (50:50)
	0.206,0.478

	AN: BN  (0:100)
	0.213,0.463


TABLE 4. OXIDATION POTENTIAL OF ANILINE, 2-SEC.BUTYLANILINE 
                  AND THERE COPOLYMERS
Cyclic voltammetry results for polyaniline, 2-sec.butylaniline and their copolymers are shown.
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                     (i) Polyaniline                                        (ii) 2-sec.butylaniline
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                        (iii) 90:10 ratio                                       (iv) 80:20 ratio
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                        (v) 70:30 ratio                                           (vi) 60:40 ratio
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                                                     (vii) 50:50 ratio

FIG. 23 CYCLIC VOLTAMETRY RESULTS OF                                                                                 ANILINE, 2-SEC.BUTYLANILINE AND THEIR COPOLYMERS
5.1.3 CHRONO AMPEROMETRY

In order to see the electrochromic behaviour of conducting film polyaniline, 2-sec.butylaniline and its copolymer in 90:10, 80:20, 70:30, 60:40 and  50:50 molar ratio doped with DBSA, chronoamperometry studies were carried out. This study is related to the change in the colour of the polymer film when the potential is switched between reduced state (-0.2 V) to oxidized state (0.6 V). The colour of the film is changed from golden yellow (leucoemeraldine state) to green (conducting emeraldine). 

Fig 23 shows the chrono-amperometric response of poly (aniline-co-2-sec.butylaniline) film in DBSA medium.  The repetitive switching test to estimate the cyclic life of the electrochromic polyaniline film shows good stability provided the upper limit does not exceed 0.45 V. At higher potential, the oxidative degradation of the polymer occurs. After 105 cycles, the electrochromic activity of the conducting polymer film diminishes drastically as has been observed after recording the cyclic voltammogram of polyaniline film after the cycling period.

Chronoamperometry results for polyaniline, 2-sec.butylaniline and their copolymers are shown.
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                 (i) Polyaniline                                          (ii) 2-sec.butylaniline
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                     (iii) 90:10 ratio                                           (iv) 80:20 ratio
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                     (v) 70:30 ratio                                              (vi) 60:40 ratio
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                                                   (vii) 50:50 ratio
FIG. 24 CRONOAMPEROMETRY RESULTS OF ANILINE,
2-SEC.BUTYLANILINE AND THEIR COPOLYMERS
5.1.4 CURRENT TRANSIENT 
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                    (i) 90:10 ratio                                             (ii) 80:20 ratio
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                  (iii) 70:30 ratio                                          (iv) 60:40 ratio
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                                                      (v) 50:50 ratio

FIG. 25 CURRENT TRANSIENT RESULTS OF ANILINE,

 2-SEC.BUTYLANILINE AND THEIR COPOLYMERS
5.2 SOLUBILITY ANALYSIS 

It was observed that PANI doped with inorganic protonic acid like HCl is rather insoluble in organic solvents. However, polyaniline doped with organic aromatic sulphonic acid like DBSA is soluble in chloroform, DMSO, DMF but rather insoluble in common organic solvents like ethylene glycol, isopropanol, ethanol, methanol etc. On the other hand the copolymers of aniline and 2-sec.butylanilines doped with DBSA are soluble in common organic solvents. It was observed that the solubility of synthesized copolymer of aniline with 2-secbutylaniline increases with the increase in the bulky substituent like sec butyl aniline in the copolymer. This is due to the steric hindrance brought about by the introduction of substituted alkyl group in the polymer matrix. It was found that the solubility of polyaniline in chloroform was negligible. While in the case of copolymers of aniline and 2-sec butylaniline in 90:10 and 50:50  molar ratio, the solubility increases up to 55% and 90% respectively.

5.3 UV-VISIBLE SPECTRAL ANALYSIS
A UV-Visible spectrum of aniline and sec butyl aniline copolymer with was recorded on a Shimadzu UV-2401 Spectrophotometer. The sample was prepared in N-Metyl-2-pyrrolidone (NMP).  

Figure 26 shows UV-visible absorption spectra of base form of homopolymers polyaniline, poly (2-secbutylaniline) and their copolymers in N-methyl pyrrolidinone.  Band in the range of 285-328 nm was assigned to the   transition which are associated due to extent of conjugation between adjacent phenyl rings in the polymer chain. It exhibited a hypsochromic shift from 328 nm to 285 nm when the sec butyl aniline content in the copolymer feed is gradually increased, indicating substantial reduction in the level of conjugation (i.e., an increase in the band gap) along the copolymer chain. The hypsochromic shift is due to the sec butyl substituent which increases the torsional angle between the adjacent phenyl rings in the polymer backbone. The second absorption band which showed a blue shift from 628 nm in undoped polyaniline (EB) to 582 nm in undoped poly (2-sec butylaniline). This could be due to the exciton transition related with the quinine-diimine structure, i.e. transition between HOMO orbitals of the benzenoid rings and LUMO orbitals of the quinoid rings. These blue shifts of the benzenoid  absorption peak indicates the nonplanar conformation of the polymer backbone, since a more distorted ring conformation was indicative of reduction of conjugation length or blue shift of the absorption peak.

DBSA doped polyaniline and its copolymers with (2-sec butylaniline) were also soluble in NMP. The UV-visible absorption spectra exhibit two major absorption bands (figure in the range of 330 nm to 296 nm, due to   transition which exhibited a blue shift with increasing amount of 2-secbutyl aniline in the comonomer feed. The second absorption band also shows blue shift from 635 nm to 576 nm. This means the solvent, N-methyl pyrrolidinone is a basic solvent, deprotonation of the doped form might have taken place which may be due to bond formation with the solvent resulting in the shifting of the absorption bands. 

DBSA doped copolymers of aniline and 2-sec butylaniline were show good solubility in chloroform. Besides the  transition and exiton bands, two other peaks were also found at around 420 nm and 813 nm which can be referred as polaronic/ bipolaronic bands and indicating the conducting form of polymers in chloroform.
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              FIG. 26 UV-VIS SPECTRA RESULTS OF  POLYANILINE,                                                                                             
POLY (2-SEC.BUTYLANILINE) AND THEIR COPOLYMERS
5.4 CONDUCTIVITY ANALYSIS:
Electrical conductivity of HCl- and DBSA-doped polymers was measured on dry pressed pellets using the usual four-probe method.

The resistivity and conductivity can be measured by using following formula:

                                                  R = ρ l / a

                                                  ρ = R a / l

                                                   C = l / ρ                   
 where
                     R is resistance

                     ρ is resistivity

                     a is area of the sample

                    C is conductivity of material

 for example for polyaniline doped with HCl  solution

            Resistance=2.0071E+9

            Length      = 13.29mm

            Thickness = 1.55mm

            Width       = 7.27mm

ρ = R a / l

ρ = (3.4766E x 13.29 x 7.27) / (1.55)

                = 216.71 ohm mm

 C = l / ρ         
             =      1/ (216.71)

             =    0.0046 S mm־1

             =    0.046 S cm-1
In their base forms, poly (2-Sec.butylaniline) proved to be insulating, with conductivity lower than 10−9 S cm−1, like Polyaniline in the same base form. Electrical conductivity of HCl- and DBSA-doped polymers was measured on dry pressed pellets using the usual four-probe method. As expected, the conductivity of the polymers studied was much lower than doped PANI (5 S cm−1 for PANI obtain with our polymerization process). Poly(2-sec.butylaniline) were semiconductor materials with conductivity in the range of 10−4 to 10−6 S cm−1. Our research was then directed towards the synthesis of copolymers (aniline-co-2-sec.butylanilines)
Table 5 represent resistance and conductivity value for Polyaniline, 2-sec.butylaniline and its copolymer using our polymerization method in order to increase conductivity properties of such polymers. Using the same approach (process, purification and doping), the conductivity of the copolymers in their doped state proved to be much higher (10−1 S cm−1) than the conductivity of the homopolymer. We therefore obtained a better compromise between solubility and conductivity with these copolymer series. The observed conductivity of the copolymers is presented in Table . For the measurement of conductivity, washing procedure, drying time and particle size of the copolymer powders were verified to be identical.

	Sample


	Resistance
(ohm)
	Conductivity
(S cm-1)

	PANI doped with HCl
	3.4766E+0
	0.046

	PANI and 2-secbutyl aniline(9:1) Undoped
	2.0099E+9
	0.0546E-9

	PANI and 2-sec butylaniline(9:1)

HCl doped
	3.4449E+0
	0.06256

	PANI and 2-secbutyl aniline(9:1) DBSA Doped
	5.7132E+0
	0.0368

	PANI and 2-secbutyl aniline(5:5) HCl doped
	54.4289E+2
	2.5480E-5


  TABLE 5  RESISTANCE AND CONDUCTIVITY VALUE FOR POLYANILINE,                                                          

2-SEC.BUTYLANILINE AND ITS COPOLYMER
5.5 FTIR ANALYSIS:

Figure 27 show the FTIR spectra of DBSA doped homopolymers and copolymers. In the FTIR spectra, band around 803 cm-1 in doped polyaniline, 814 cm-1 in copolymer of aniline and 2-sec butylaniline in 90:10 molar ratio is due to the out of the plane C-H bending vibrations and is indicative of the para coupling i.e. the polymerization occurs at 1-4 position. The band around 772 cm-1 is due to the out-of-plane −CH− bending of 1, 2, 4-trisubstituted ring in case copolymer of aniline and 2-sec.butylaniline . Similar band has also been observed in their base forms. But this band is absent in undoped polyaniline and DBSA doped polyaniline. The band at 1034 cm−1 corresponding to S= O stretching mode of the -SO3 group of DBSA splits into two bands. These bands are absent in undoped polymers as well as HCl doped copolymers. The bands around 1126 cm-1 and 1159 cm-1 are due to the symmetric SO2 stretching and SO3 stretching in DBSA doped aniline and its copolymers with sec butylaniline .  Bands around 1558 and 1491 cm-1 are characteristic stretching bands of nitrogen quinoid (N=Q=N) and benzenoid. (N-B-N) and are due to the conducting state of the polymer. These bands generally show the blue shift of 20-30 cm-1 on the removal of dopant from the polymer. In addition, a weakly discernible band was observed in the 3080 cm−1 region which was due to C H aromatic stretching and the band at around 2934 cm−1 is due to aliphatic C-H stretching vibration due to presence of butyl group in the copolymer chain.

(I)FTIR OF DBSA DOPED POLYANILINE:
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(II)FTIR OF HCL DOPED COPOLYMER (90:10 MOLAR RATIO):
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(III)FTIR OF UNDOPED COPOLYMER (90:10 MOLAR RATIO)

[image: image72.emf]742.8


825.1


1142.2


1303.4


1495.2


1585.8


ANBN 9:1 UNDOPED


 78


 80


 82


 84


 86


 88


%T


 1000  


 1500  


cm-1




742.8

825.1

1142.2

1303.4

1495.2

1585.8

ANBN 9:1 UNDOPED

 78

 80

 82

 84

 86

 88

%T

 1000    1500  

cm-1


(IV)FTIR OF DBSA DOPED COPOLYMER (90:10 MOLAR RATIO):
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(V)COMPARETIVE REPRESENTATION OF HCL DOPED, UNDOPED, DBSA DOPED COPOLYMER ANILINE-CO-2-SECBUTYLANILINE
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                           FIG  28   FTIR RESULTS OF POLYANILINE, 
                          2-SEC.BUTYLANILINE AND THEIR   COPOLYMER 
5.6 THERMO GRAVIMETRIC ANALYSIS (TGA)
Thermo gravimetric analyses (TGA) of samples were carried out on Mettler Toledo 851e star system.

Figure shows the thermogramms of undoped polyaniline and its copolymers with different mole ratios of sec butyl aniline. It was observed that the undoped polyaniline is thermally stable upto 430 oC. The thermal stability of the copolymer decreased with increasing amounts of sec butyl aniline in the copolymers. It was found that in the copolymer combinations of aniline: 2-sec butyl aniline (90:10), the thermal stability of the copolymer decreases to 408oC and it further decreased to 210oC in 50:50 monomer ratios in the copolymer .This implies that introduction of sec butyl group in the aniline moiety and copolymerizing it with aniline decreases the thermal stability of the copolymer which is due to the steric hindrance brought by substituted aniline in the copolymer matrix. 

Similarly, the thermogramms of DBSA doped homopolymers like polyaniline and its copolymer with sec butyl aniline show effect of dopant on thermal stability of polymer backbone It was observed that whereas doped polyaniline is thermally stable upto 240oC and when it is copolymerized with 2-sec.butylaniline thermal stability decreased to 150oC with increasing the molar ratio of sec butyl aniline. This shows that introduction of bulky groups and large counter ion in the copolymer brings about a change in the thermal stability of the copolymer which can again be correlated to the steric hindrance brought by introduction of ortho substituted group and bulky dopant in the aniline system. Thermal stability of DBSA doped copolymers was lower than HCl doped copolymer which indicates that the large counter ion in DBSA affect the thermal stability of the polymer chain by increasing the interchain separation of the copolymer chain. Thermal stability of the DBSA doped copolymer of aniline and sec butyl aniline in 90:10 molar ratio was found to be 186oC and when the same copolymer was doped with HCl, its thermal stability was found to be 200oC
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                                    (iv) Undoped copolymer 
                      FIG.29   TGA RESULTS OF POLYANILINE 
                          AND ITS COPOLYMER IN DIFFERENT MEDIUM
5.7 XRD ANALYSIS:

Figure shows the X-ray diffraction pattern of the undoped polyanilne, DBSA doped, HCl doped polyanilne and its copolymers with 2-sec butyl aniline in 90:10. X-ray diffraction profile of the polymer indicates the undoped polyaniline and its copolymers with sec butylaniline were almost amorphous in nature while in the case of DBSA as well as HCl doped polymers and copolymer showed substantial degree of crystallinity. semicrystalline nature of the polyanilne and poly(aniline-co-2-secbutylanilne) is due to the incorporation of dopant (DBSA) in the polymer chain. For, HCl doped copolymer of aniline and sec butylaniline in 90:10 molar ratio, the value of 20 and d spacing have been observed at 20~24 (d=3.6Å) and  20~33 (d=2.8Å) and for DBSA doped copolymer the values of 20 and d spacing were observed at 20 ~ 16.96 (d= 5.84 Å ), 20~18.30 (d=5.33 Å) and  20~19.51 (d=4.787 Å). The XRD pattern of undoped polyaniline and its copolymer with sec butylaniline shows an amorphous behaviour as given in fig. Doping the polymer with dopant like DBSA and HCl leads to better crystallinity in homopolymers and copolymers. 
XRD patterns of copolymer poly(aniline-co-2-secbutylaniline) in 90:10 molar ratio are shown in following fig.
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             FIG  30  XRD RESULTS OF ANILINE AND ITS COPOLYMER
5.8 SCANING ELECTRON MICROSCOPE (SEM) ANALYSIS 

Figure shows the SEM micrographs of the DBSA doped polyaniline and its copolymers with 2-sec.butylaniline in different molar ratio at same magnification. The DBSA doped polymers shows globular morphologies while HCl doped and undoped polyaniline and its copolymers with 2-sec.butylaniline showed flake like morphology. The morphology of the copolymers was found to be same in 90: 10 and 50:50 molar ratio of aniline and 2-secbutylaniline, which indicating that morphology of the copolymer is depends on nature of the dopant rather than the molar ratio of the copolymers.  
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 (i)Morphology of Polyaniline                           (ii)Morphology of PANI And 2-
                                                                              sec.butylaniline (9:1) Undoped 
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(iii) Morphology of PANI and                   (iv)      Morphology of PANI and 

2-sec.butylaniline (9:1) HCl doped             2-sec.butylaniline (9:1) DBSA doped 
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(v) Morphology of PANI and                       (vi) Morphology of PANI and

2-sec.butylaniline (5:5) undoped             2-sec.butylaniline (5:5) HCl doped
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                                     (vii) Morphology of PANI and 
                                2-sec.butyl aniline (5:5)   DBSA doped

                           FIG 31 SEM RESULTS OF ANILINE
                   AND ITS COPOLYMER IN DIFFERENT MOLAR RATIO                          
CHAPTER 6
ANTISTATIC APPLICATIONS OF POLYMERS
Electrostatics is the oldest form of electrical phenomena known. The inherent non conductivity of most synthetics, especially under dry conditions, causes the accumulation of static charges during processing and handling. The charge built-up, if present is an explosive atmosphere, could cause a spark discharge resulting in explosion. If the charge built up is present near sensitive electronic components of equipment, it could cause product failure, or promote the accumulation of dust or dirt, which could prove detrimental during further processing.

There are several ways to determine the effectiveness of static potential material, but at present, the most accurate and definable method is in Federal Test Method standard 101C, Method 4046.this is known as static decay test and is a measure of the ability of a material when grounded, to dissipate a known charge that has been induced or applied on the surface of material.

The model 406D Static Decay Meter is designed to test the static dissipative characteristics of material by measuring the time required for a charge test sample to discharge to a known, predetermined cutoff level. samples are charged by an adjustable 0 to 5KV high voltage power supply.

DBSA doped Polyaniline and its copolymers with 2-sec.butylaniline were also  used for antistatic applications on the basis of their thermal stability. The copolymers having lower molar ratio of 2-sec.butylaniline can be melt blended with LDPE. 1% and 5% loading of conducting polymer were extruded with LDPE in single screw extruder after thoroughly mixing in a mixer and molded plates of size 6” x 6” were used for studying the static decay time measurements.

The static decay time of HCl and DBSA doped aniline and its copolymer with 2-sec.butylaniline is listed in the table. The electrostatic charge decay time of 1% loading of the DBSA doped polyaniline was found to be 2.0 second while increasing the loading level of polyaniline in LDPE (5%), electrostatic charge decay time found to be decreases. 1% loading of poly (aniline-co-2-sec butylaniline) (90:10) blended with LDPE, the decay time further decreases up to 1.2 sec and 5% loading of same copolymer in LDPE, the static decay time tends to decreases up to 0.2 sec.

Electrostatic charge decay time variation with loading for aniline and its copolymer in different molar ratio is shown in table 6.
	SAMPLE BLENDED WITH LDPE
	LOADING LEVEL IN LDPE (1%)
	ELECTROSTATIC CHARGE DECAY TIME (SEC)

	Polyaniline
	1%
	12 sec

	
	5%
	0.4 sec

	Poly(aniline-co-2-sec.butylaniline)      90: 10
	1%
	1.2 sec

	
	5%
	0.2 sec


TABLE 6  EFFECT OF LOADING ON ELECTROSTATIC CHARGE DECAY TIME
CHAPTER 7
CONCLUSIONS
The synthesis of polyaniline and its copolymer (aniline-co-2-secbutylaniline) were carried out by chemical oxidative polymerization and electrochemical polymerization technique. On the basis of characterizations of these polymers, the effect of sec butyl group on thermal and electrochemical properties of conducting polyaniline has been observed. The electrochemical studies of these copolymers show a shift in the electrochemical peak potential values on increasing the substituted aniline ratio in the copolymer. Thin films of these polymers can be used as futuristic electro chromic material since these films change their colour on switching from reduced state to oxidized state. The solubility of conducting polyaniline could be enhanced by copolymerization with varying amount of 2-sec butyl as a co-monomer. These synthesized copolymers can then be easily melt blended with other conventional polymers like LDPE, ABS etc. for various applications. Low loadings of conducting polymer and its copolymer blended with LDPE can be used as effective antistatic material for electrical and electronic industries. Even these composites can be used in the designing of antistatic bags for encapsulation of electronic equipments.
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