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ABSTRACT

Mn304 nanoparticles were prepared by forced hydrolysis of aqueous

manganese(lJ) acetate, Mn(OOCCH3h, solution. Starch was used as

capping agent to prevent the agglomeration of the nanoparticles thus

formed in the colloidal mixture, 0.4 M Mn(OOCCH3)2 precursor in

saturated aqueous solution of starch was aged for 2,6, and 12 h at a

temperature 80 °C . The nanoparticles were then collected by

reducing the volume of suspension on mild heating followed by

ethanol extraction. The more uniform and well-dispersed particles

were obtained by heating the reaction mixture for 2 h. The

nanoparticles thus obtained were characterized by means of EDX,

XRD, IR, and SEM. The results showed that the Mn304 nanoparticles

were single phase, spherical, and uniformly dispersed. The average

crystallite size was calculated from the XRD data to be approximately
10 nm.

Polyaniline (PAN!) was synthesized from aniline by using potassium

dichromate, K2Cr207, as an oxidizing agent. The dispersion of the

Mn304 nanoparticles into PANI matrix was achieved by the addition of

nanoparticles suspension to the sediment of PAN!. The conductivity

of the PANI/Mn304 matrix was measured to be 20.82 x 10-6 Scm-1 and

found to be higher than that of PANI, 3.72 x 10-6Scm"l.

Mn304 nanoparticles were tested to perform the polymerization of

aniline instead of conventional chemical polymerization by an oxidant.

The nanoparticles can effectively polymerize aniline to yield PAN!.

The PANI thus prepared was found to be more conductive because

of its compact and modified morphology as seen from SEM,

{ .f



The efficiency of the Mn304 nanoparticles on the decolorization of

methylene blue (MB) dye has been studied in presence of H2S04.

Effect of MB concentration, amount of nanoparticles required,

influence of acid concentration, and function of time on MB

decolorization were also investigated by employing UV-Visible

spectroscopy, It was found from these investigations that Mn304

nanoparticles can efficiently and rapidly decolorize MB in adequately

acidic media.

The Mn304 nanoparticles was also successfully employed to

deco!orize another-textile dye procion red {PRJ and an industrial dye

effluent. UV-Visible spectra of the solutions were taken in all cases to

measure the extent of decolorization.

Sensitivity of the Mn304 nanoparticles suspension was tested on

various pathogenic organisms at two different pH, 3.3 and 6.2. The

nanoparticles were found to be sensitive against Vibrio cholerae,

Shigella sp., Salmonella sp., and Escherichi coli bacteria, which are

responsible for cholera, dysentery, typhoid, and diarrhoea diseases,

respectively.
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1.1 Nanomaterials

1.1.1 Fundamental Concept!,'

Nanotechnology is expected to he the basis of many of the main

technological innovations of the 2! 5t century. Research and development

in this field is growing rapidly throughout the world. A major output of

this activity is the development of new materials in the nanometer scale,

including nanopartielcs. A unique aspect of nanotechnology is the vastly

increased ratio of surface area to volume present in many nanoscale

materials which opens new possibilities in surface-based science, such as

catalysis. A number of physical phenomena become noticeably

pronounced as the size of the system decreases. These include statistical

mechanical effects, as well as quannlm mechanical effects, for example

the "quantum size effect" where the electronic properties of solids are

altered with great reductions in partiele size. This effect does not come

into play by going from macro to micro dimensions. However, it becomes

dominant when the nanometer size range is reached.

Materiab reduced to the nanoscale can suddenly show very different

properties compared to what they exhibit on a maeroseale, enabling

unique applications. ror instance, opaque substances become transparent

(copper); inert materials become catalysts (platinum); stable materials

tum combustible (aluminum); solids tum into liquids at room temperature

(gold); insulators become conductors (silicon). Materials such as gold,

which is chemically inert at normal scales, can serve as a potent chemical

catalyst at nanoscales. Much of the fascination with nanotechnology

stems from these unique quantum and surface phenomena that matter

exhibits at the nanoscalc.
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A nanoparticle (which historically has included nanopowder, nanocluster,

and nanOCl)'stal)is a small particle with at least one dimcnsion less than

i00 nm. This definition ean be fleshed out further in order to remove

amhiguity from future nano nomemedature. A nanopartide is an

amorphous or semicrystalline zero dimensional (00) nano structure with

atieast one dimension between 10 and 100 nm and a relatively large (::0-:

15%) size dispersion [I].

1.1.2 Properties of Nanoparticles

Nanoparticlcs are of great scientific interest as they are efTeetive1ya

bridge between bulk materials and atomic or molecular structures. A bulk

material should have constant physical properties regardless of its size,

but at the nano-scale this is often not the case. Size-dependent properties

are observed such as quantum confinement in semiconductor particles,

surface plasmon resonance m some metal particles and

superparamagnetism in magnetic materials.

The properties of materials change as their size approaehes the nanoseale

and as the percentage of atoms at the surface of a material becomes

significant. For bulk materials larger than one micromctre the percentage

of atoms at the surface is minuscule relative to the total number of atoms

of the materia!. The interesting and sometimes unexpected properties of

nanoparticles are partly due to the aspects of the surface of the materia!

dominating the properties in lieu of the bulk propertics.

Nanoparticlcs exhibit a number of speeial properties relative to bulk

materia!' For example, the bending of bulk copper (wire, ribbon, etc.)

occurs with movement of copper atoms/clusters at about the 50 nm scale.

Copper nanoparticles smaller than 50 nm arc considered super hard

2
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materials that do not exhibit the same malleability and ductility as bulk

copper. The change in properties is not always desirable. FeIToe1cctrie

materials smaller than 10 run can switch their magnetisation direction

using room temperature thermal energy, thus making them useless for

memory storage. Suspensions of nanoparticles are possible because the

interaction of the particle surface with the solvent is strong enough to

overcome differences in density, which usually result in a material either

sinking or floating in a liquid. Nanoparticles often have unexpected

visible properti(:s because they are small enough to contine their electrons

and produce quantum effects. For example gold nanoparticks appear

deep red to black in solution.

Nanopartieles have a very high surface area to volume ratio. This

provides a tremendous driving force for diffusion, especially at elevated

temperatures. Sintering can take place at lower temperatures, over shorter

time scales than for larger particles. This theoretically does not affect the

density of the final product, though flow difficulties and the tendency of

llanopartieles to agglomerate complicates matters. The large surface area

to volume ratio also reduces the incipient melting temperature of

nanoparticles [2J.

1.1.3 Classification

At the small end of the size range, nanoparticles are often referred to as

clusters. Nanospheres, nanorods, and nanoeups are just a few of the

shapes that have been grown. Metal, dielectric, and semiconductor

nanopartieles have been formed, as well as hybrid structures (e.g., eore-

shell nanoparticles). Nanoparticles made of semiconducting material may

also be labeled quantum dots ir they are small enough (typically sub 10

3





Inlroduction

nm) that quantization of electronic energy levels occurs. Such nanoscale

partieles are used in biomedical applications as drug carriers I)r imaging

agents.

Semi-solid and soft nanoparlicles have been manufactured. A prototype

nanoparticlc of semi-solid nature is the Jiposomc. Various types of

liposomc nanoparticles are currently used clinically as delivery systems

for anticancer drugs and vaccines.

1.1.4 Characterization

Nanoparticlc characterization is necessary tl) establish understanding and

control of nanoparticle synthesis and applications. Characterization is

done by using a variety of different tcclmiques, mainly drawn from

materials science. Common techniques arc Electron Microscopy

[TEM,SEM], Atomic Force Microscopy [AFM], Dynamic Light

Scattering [DLS], X-ray Photoelectron Spectroscopy [XPS], powder X-

ray DifTractomctry [XRD], and Fourier Transform Infrared Spectroscopy

[FTIR].

Whilst the theory has been known [or over a century, the technology for

Nanoparticlc Tracking Analysis (NTA) allows direct tracking of the

Brownian motion and this method therefore allows the sizing of

individual nanopartic1cs in solution.

1.1.5 Fabrication ofNanopaTticle.~

There are several methods for creating nanoparticles; attrition and

pyrolysis are common methods. In attrition, macro or micro scale

particles arc ground in a ball mill, a planetary ball mill, or other size

4
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reducing mechanism. The resulting particles are air classified to recover

nanoparticles.

In pyrolysis, an organic precursor (liquid or gas) is forced through an

orifice at high pressure and burned. The resulting ash is air ela~sified to

recover oxide nanopartiele.

A thermal plasma can also deliver the energy necessary to cause

evaporation of small micrometrc size particles. The thermal plasma

temperatures are in the order of 10000 K, so that solid powder easily

evaporates. Nanoparticles are fonned upon cooling while exiting the

plasma region. The main types of the thermal plasmas torches used to

produce nanoparticlcs arc dc plasma jet, dc arc plasma and radio

frequency (RF) induction plasmas. In the arc plasma reactors, the energy

necessary for evaporation and reaction is provided by an electric arc

which fonns between the anode and the cathode. For example, silica sand

can be vaporized with an arc plasma at atmospheric pressure. Tbe

resulting mixture of plasma gas and silica vapour can be rapidly cooled

by quenching with oxygen, thus ensuring the quality of the fumed silica

produced. In RP induction plasma torches, energy coupling to the plasma

is accomplished through the electromagnetic field generated by the

induction coiL The plasma gas does not come in conlact with electrodes,

thus eliminating possible sources of contamination and allowing the

operation of such plasma torches with a wide range of gases including

inert, reducing, oxidizing and other corrosive atmospheres. Thc working

frequency is typically between 200 kHz and 40 MH;o;. Laboratory units

run at power levels in the order of 30-50 kW while the large scale

industrial units have been tested at power levels up to 1 MW. As the

residence time of the injected feed droplets in the plasma is very short it

is important that the droplet sizes arc small enough in order to obtain

s
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complete evaporation. The RF plasma method has been used to

synthesize different nanoparticle materials, tor example synthesis of

various ceramic nanoparticles such as oxides, carhours/carbides and

nitrides of Ti and Si.

Inert-gas aggregation' IS frequently used to make nanopartieles from

metals with low melting points. The metal is vaporized in a vacuwn

chamber and then supercooled with an inert gas stream. The supercooled

metal vapor condenses in to nanometer-sized particles, which can be

entrained in the inert gas stream and deposited on a substrate or ~tudied in

situ.

1.1.6 Nanoparticle Morphology

Scientists have taken to naming their particles after the real world shapes

that they might represent. Nanospheres [3], nanoreefs [4], nanoboxes [5]

and more have appeared in the literature. 111esemorphologies ~ometimes

arise spontaneously as an effect of a templating or directing agent present

in the synthesis such as micellular emulsions or anodized alumina pores,

or from the innate crystallographic growth patterns of the materials

themselves [6]. Some of these morphologies may serve a purpose, such as

long carbon nanotubes being used to bridge an electrical junction, or just

a scientific curiosity like the stars shown at left.

1.1. 7 Application of Nanoparticles

A. Medicine

The biological and medical research communities havc exploited the

unique properties of nanomaterials for various applications (e.g., contrast

6
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agents for cell imaging and therapeutics for treating cancer). Tcrms such

as biomedical nanotechnology, bionanotechnology, and nanomedicine are

used to describe this hybrid field. FWlctionalities can be added to

nanomaterials by interfacing them with biological molecules or structures,

The size of nanomatcrials is similar to that of most biological molecules

and structures; thereCore,nanomaterials can be useful for both in vivo and

in vitro biomedical rcscarch and applications. Thus far, thc integration of

nanomaterials with biology has led to the development of diagnostic

devices, contrast agents, analytical tools, physical therapy applications,

and drug delivery vehicles.

i) Diagnostics: Nanotechnology-on-a-chip is one more dimension of

lab-on-a-chip technology. Biological tests measuring thc presence or

activity of selected substances bccomc quicker, more sensitive and more

flexible when certain nanoscale particles are put to work as tags or labels.

Magnetic nanoparticlcs, bound to a suitable antibody, are used to label

specific molecules, structures or microorganisms. Gold nanoparticles

tagged with short segments of DNA can be used for detection of genetic

scqucnce in a sample. Multicolor optical coding for biological a%ays has

been achieved by embedding different-sized quantum dots into polymeric

microbeads. Nanopore technology for analysis of nucleic acid converts

strings of nucleotides directly into electronic signatures.

ii) Drug delivery:ll1e overall drug consmnption and side-effects can
be lowered significantly by depositing thc activc agent in the morbid

region only and in no highcr dosc than needed. This highly selective

approach reduccs costs and human suffering. An example can be found in

dendrimers and nanoporous materials. They could hold small drug

molecules transporting them to the desired location. Another vision is

bascd on small electromechanical systems; NEMS are being investigated

7
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for the active release of drugs. Some potentially important applications

include canccr treatment with iron nanoparlic1es or gold shells. A targeted
or personalized medicine reduces the drug consumption and lreatment

expenses resulting in an overall societal benefit by reducing the costs to

the public health system, Nanolechnology is also opening up new

opportunities in implantable delivery systems, which are often prderable
to the use of injectable drugs, because the latter frequenl1y display first-

order kinetics (the blood concentration goes up rapidly, but drops

exponentially over time). This rapid rise may cause difficulties with

toxicity, and drug efficacy can diminish as the drug concentration falls
below the targated range.

iii) Tissue engineering: Nanotechnology can help to reproduce or to
repair damaged tissue, This so called "tissue engineering" makes use of

artificially stimulated cell proliferation by using suitable nanomatcrial-

based scaffolds and growth factors. Tissue engineering might replace

today's conventional treatments like organ transplants or artificial

implants. On the other hand, tissue engineering is closely related to the

ethical debate on human stem cells and its elhical implications.

B. Chemistry and Environmenl

Chemical catalysis and filtration techniques are two prominent examples
where nanotechnology already plays a role. The synthesis provides novel

materials with tailored features and chemical properties: for example,

nanoparticles with a distinct chemical surrounding (ligands), or 'specific

optical properties. In this sense, chemistry is indeed a basic nanoscience.

In a short-term perspective, chemistry will provide novel "nanomaterials"
and in the long run, superior processes such as "self-assembly" will

enable energy and time preserving strategies. In a sense, all chemical

synthesis can be understood in tenus of nanoteelmology, because of its

ability to manufacture cerlain molecules. Thus, chemistry fonus a base

8
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for nanotechnology providing tailor-made molecules, polymers, etcetera,
as well as clusters and nanoparticlcs.

i) Catalysis: Chemical catalysis benefits especially from

nanopartic1es, due to the extremely large surface to volume ratio. The

application potential of nanopartic1es in catalysis rangcs from fuel cell to

catalytic converters and photocatalytic devices. Catalysis is also
important for the production of chemicals.

ji) Filtration: A strong influence of mmochemistry on waste-water

treatment, air purification and energy storage devices is to be expected.

Mechanical or chemical methods can be used for effective filtration

techniques. One class of filtration teclmiques is based on the use of

membranes with suitable hole sizes, whereby the liquid is pressed

through the membrane. Nanoporous membranes are suitable for a

mechanical filtration with extremely small pores smaller than 10 nm
("nanofiltration") and may be composed of nanotubes. Nanofiltration is
mainly used for the removal of ions or the separation of different fluids'-

On a larger scale, the membrane filtration technique is named

ultrafiltration, which works down to between 10 and 100 nm. One

important field of application for ultrafiltration is medical purposes as can

be found in renal dialysis. Magnetic nanoparticlcs offer an effective and
reliable method to remove heavy metal contaminants from waste water by

making use of magnetic separation teclmiques. Using nanoscalc particles
increases the efficiency to absorb the contaminants and is comparatively

inexpensive compared to traditional precipitation and filtration methods.

C. Energy

The most advanced nanotechnology projects related to energy are:

storage, conversion, manufacturing improvements by reducing materials

9
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and process rates, energy saving (by better thermal insulation for
example), and enhanced renewable energy sources.

i) Reduction of energy consumption: A reduction of energy

consumption can be reachcd by better insulation systems, by the use of
more effieicnt lighting or combustion systems, and by use of lighter and

stronger materials in the transportation sector. Currently used light bulbs

only convert approximately 5% of the electrical energy into light.

Nanotechnological approaches like light-emitting diodes (LEDs) or

quantum caged atoms (QCAs) could lead to a strong reduction of energy

consumption for illmninatioll.

Ii) Increasing the efficiency of energy production: Today's best solar

cells have layers of several different semiconductors stacked together to

absorb light at ditlcrent energies but they still only manage to use 40

percent of the Sun's energy. Commercially available solar cells have

much lower efficiencies (15-20%). Nanotechnology could help increase

the efficiency of light conversion by using nanostructures with a

continuum of bandgaps. The degree of efficiency of the internal
combustion engine is about 30-40% at the moment. Nanotechnology

could improve combustion by designing specific catalysts with

maximized surface area.

iii) The use of more environmentally friendly energy systems: An

example for an environmentally friendly form of energy is the use of fuel

cells powered by hydrogen, which is ideally produced by renewable

energies. Probably the most prominent nanostructured material in fuel
cells is the catalyst consisting of carbon supported noble metal particles
with diameters of 1-5 nm, Suitable materials for hydrogen storage contain

a large nwnber of small nanosized pores. Therefore many nanostructured

materials like nanotubes, zeolites or alanates are under investigation.

Nanotechnology can contribute to the further reduction of combustion

[0
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engmc pollutants by nanoporuus tilters, which can clean the exhaust
mechanically, by catalytic converters based on nanoscale noble metal

particles or by catalytic coatings on cylinder walls and catalytic
nanopartic!es as additive for fuels.

iv) Recycling of batteries: Because of the relatively low energy density
of batteries the operating time is limited and a replacement or recharging

is nceded. The huge number of spent batteries and accumulators represent
a disposal problem. Thc use ofballeries with higher energy content or the

use of rechargeable batteries or supercapacilors with higher rate of

recharging using nanomaterials could be helpful for the battery disposal

problems.

D. Information and Communication

Current high-technology production processes are hased on traditional top
down strategies, where nanotechnology has already been introduced

silently. The critical length scale of integrated circuits is already at the

nanoscale (50 nm and below) regarding the gate length of transistors in

CPUs or DRAM devices.

i) Novel semiconductor devices: An example of such novel devices is
based on spintronics.The dependence of the resistance of a material (due
to the spin of the electrons) on an external field is called

magnetoresistanee. This effect can be significantly amplified (GMR -

Giant Magneto-Resistance) for nanosized objects, for example when two

ferromagnetic layers are separated hy a nonmagnetic layer, which is

several nanometers thick (e.g. Co-Cu-Co). The GMR effect has led to a

strong increase in the data storage density of hard disks and made the

gigabyte range possible. The so called tunneling magnetoresistanee
(TMR) is very similar to GMR and based on the spin dependent tunneling

of electrons through adjacent ferromagnetic layers. Both GMR and TMR

II
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effects can be used to create a non-volatile main memory for computers,

such as the so called magnetic random access memory or MRAM.

Ii) Novel optoelectronic devices: In the modem communication
technology traditional analog electrical devices are increasingly replaced

by optical or optoelectronic devices due to their enormous bandwidth and

capacity, respectively. Two promising examples are photonic crystals and

quantum dots. Photonic crystals arc matcrials with a periodic variation in

the refractive index with a lattice constant that is half the wavelength of

the light used. They offer a selectable band gap for the propagation of a
certain wavelength, thus they resemble a semiconductor, but for light or

photons instead of electrons. Quantum dots are nanoscaled objects, which
can be used, among many other things, for the construction of lasers. The

advantage of a quantum dot laser oyer the traditional semiconductor laser

is that their emitted wavelength depends on the diameter of the dot.

Quantum dot lasers are cheaper and oITer a higher beam quality than

conventional laser diodes.

iii) Nanologic: Nanoscale devices exhibit dominant nonlincarities that

prevent their use as two-slate devices in digital computers. The idea
behind nanologic is to exploit these nonlincarities (rather than suppress

them) to implement functions that correspond to mathematical sets:

interval numbers, disjoint intervals, fuzzy numbers, fuzzy sets, etc.

Simple nanoclectronic circuits can be designed that can represent sets and

set operations, and an array of such devices constitutes a universal
mathematical processor, able to solve any problem that can be expressed

in set theory. Nanologic will find most value for human-meaningful
p~oblcms involving uncertainty, ambiguity, error, lUlder-spccificd and

over-specified systems, and for approximate analysis of combinatorially

intractable problems, including mathematical theorems.
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Iv) Quantum computers: Entirely new approachcs for computing

exploit thc laws of quantum mechanics for novel quantum computcrs,

which enable the use of fast quantum algorithms, The Quantum computer

will have quantum bit memory spacl; tcrmed qubit for several

computations at the same time,

E. Consumer Goods

Nanotechnology is already impacting the field of consumer goods,
providing products with novel functions ranging from easy-to-clean to

scratch-resistant. Modern textiles are wrinkle-resistant and stain-

repellent; in the mid-term clothes will become "smart", through

embedded "wearable electronics". Already in use are different
nanoparticle improved products. Espl;cially in thc ficld of cosmctics, such

novel products have a promising potential.

i) Foods: Nanotcclmology can be applied in the production,

processing, safety and packaging of food. A nanocompositc coating

process could improve food packaging by placing anti-microbial agents

directly on the surface of the coated film. Nanoeomposites could increase

or decrew;e gas permeability of different fillers w; is necded for different
products. They can also improve the mechanical and heat-resistance
propertics and lower the oxygen transmission rate. Research is being

performed to apply nanotechnology to the detection of chemical and

biological substances for sensing biochemical changes in foods,

ii) Household: The most prominent application of nanotechnology in

the household is self-cleaning or "easy-to-clean" surfaces on ceramics or

glasses. Nanoceramic particles have improved the smootlmcss and heat
resistance of common household equipment such w; the flat iron.

iii) Optics: The first sunglasses using protective and antird1cctive

ultrathin polymer coatings are on the market. For optics, nanotechnology

13
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also offers scratch resistant surface coatings based on nanocomposites.
Nano-optics could allow for an increase in precision of pupil repair and
other types of laser eye surgery.

iv) Textiles: The use of engineered nanoIibers already makes clothes

water- and stain-repellent or wrinkle-free. Textiles with a

nanotechnological finish can be washed less frequently and at lower
temperatures. Nanotechnology has heen used to integrate tiny carbon
particles membrane and guarantee full-surface protection from

electrostatic charges for the wearer.

v) Cosmetics; Qne field or application 1S m sunscreens. The

traditional chemical UV protection approach surfers rrom its poor long-

term stability. A sunscreen based on mineral nanoparticies such as

titanium dioxide offer several advantages. Titanium oxide nanoparticles

have a comparable UV protection property as the bulk material, but lose

the cosmetically undesirable whitening as the particle size is decreased.

1.2 Fundamental Aspects of Catalytic Process

In chemistry and biology, catalysis is a way of accelerating the rate of a

chemical reaction by means of contacting the reactants with a substance

called a catalyst, which itself is not consumed by thc overall reaction.

More generally, one may at times call anything that accelerates a process,

a "catalyst". A catalyst provides an alternative route to products, the

catalytic route being subject to lower activation energy than in the,
uneatalyzed reaction. A lowered activation energy increases the reaction

rate. Catalysts generally change in the course of a reaction but are

regenerated.

14
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A good example of a catalyst usage i~ in the disproportionation of

hydrogen peroxide to give water and oxygen.

This reaction is slow but upon the addition of manganese dioxide to

hydrogen peroxide, the reaction occurs rapidly as signaled by

efferve~eenee of oxygen. In demonstrations, the evolved oxygen is

detectable by its effect on a glowing splint. The manganese dioxide may

be recovered, and re-used indefinitely, thus it is a catalyst - it is not

eon~umed by the reaction. (The H202 sold as a sterilizing agent in

drugstores is too dilute for thi~ to work dramatically.)

1.2.1 Mechanism o/Catalytic Process

I) General mechanism: Catalysts generally react with one or

more reactants to fOml an intermediate that subsequently give the final

reaction product, in the process regenerating the catalyst. The following is

a typical reaction scheme, where C represents the catalyst, A and B are

reactants, and D is the product ofthe reaction of A and B:

A+C--.AC (1)

B + AC --. ABC (2)

~C--.CD (3)

CD--.C+D (4)

Although the catalyst (C) is consumed by reaction 1, it is subsequently

produced by reaction 4, so for the overall reaetion:

A+B->D

IS I
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ii) Catalytic cycles: A catalytic cycle is another term for mechanism.

Catalytic cycles are central to any discussion of catalysis, be it in

biochemistry, organometallic chemistry, or solid state chemistry.

Often, a so-called sacrificial catalyst is also part of the reaction systcm

with the purpose of regenerating the true catalyst in each cycle. As the

name implies the sacrificial catalyst is not regenerated and is instead

irreversibly consumed. This sacrificial compound is also known as a

stoichiometric catalyst whcn added in stoichiometric quantities compared

to the main reactant. Usually the true catalyst is an expensive and

complex molecule and added in quantities as small as possible. The

stoichiometric catalyst on the other hand should be cheap and abundant.

1.2.2 Catalysts and Reaction Energetics

Catalysts work by providing an alternative mechanism involving a

different transition state and lower activation energy. The effect of this is

that more molecular collisions have the energy needed to reach the

transition state. Hence, catalysts can perform reactions that, albeit

thermodynamically feasible, would not run without the presence of a

catalyst, or perform them much faster, more specific, or at lower

temperatures. This can be observed on a Boltzmann distribution and

energy profile diagram. This means that catalysts reduce the amount of

energy needed to start a chemical reaction. Figure 1.2.1 is a gCIleric

potential energy diagram showing the effect of a catalyst in an

hypothetical exothermic chemical reaction. The presence of the catalyst

opens a different reaction pathway (shown in dotted line) with a lower

16
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activation energy. The final result and the overall thermodynamics are the

same.

,-_ ..

i
I - ~ ~ • Reaction with Catalyst

E, (X-y)
Ea (Y-X)

:>.
I~ ', 1, , y.~ , ,
!e ,,
i" ,, t.H,

X ,

Reaction path. . - --- . , . i••, J

Fig. 1.2.1 Energy profile diagram showing the effect of a cataly~L

Catalysts cannot make energetically unfavorable reactions possible -

they have no effect on the chemical equilibrium of a reaction because the

rate of both the forward and the reverse reaction are equally affected (see

also thermodynamics). The net free encrgy change of a reaction is the

samc whether a catalyst is used or not; the catalyst just makes it easier to

activate,

The SI derived unit for measuring the catalytic activity of a catalyst is thc

katal, which is moles per second. The degree of activity of a catalyst can

also be described by the Tum Over Nwnber (TON) and thc catalytic

efficiency by the Tum Over Frequency (TOF). The biochemical

equivalent is the Enzyme Unit.



lnlrodmillOn

1.2.3 Types of Catalysts

Catalysts can be either heterogeneous or homogeneous. Bioeatalysts are

often seen as a separate group. Heterogeneous catalysts are present in
different phases from the reactants (for example, a solid catalyst in a
liquid reaction mixture), whereas homogeneous catalysts are in the same

phase (for example, a dissolved catalyst in a liquid reaction mixture).

i) Heterogeneous catalysts: A simple modcl for heterogeneous
catalysis involves the catalyst providing a surface on which the reactants

(or substrates) temporarily become adsorbed. Bonds in the substrate

become weakened sufficiently for new bonds to be created. The bonds

betwcen the products and the catalyst are weaker, so the products are

released. Different possible mechanisms for reactions on surfaces are
known, depending on how the adsorption takes place.

For example, in the Haber process to manufacture ammoma, finely

divided iron acts as a heterogeneous catalyst. Active sites on the metal

allow partial weak bonding to the reactant gases, which are adsorbed onto

the metal surface. As a result, the bond within the molecule of a reactant
is weakened and the reactant molecules arc held in close proximity to
each other. In this way the particularly strong triple bond in nitrogen is

weakened and the hydrogen and nitrogen molecules are brought closer

together than would be the case in the gas phase, so the rate of reaction

lllereases.

Other heterogeneous catalysts include vanadium(V) oxide in the contact

process, nickel in the manufacture of margarine, alumina and silica in thc

cracking of alkancs and platinum, rhodium and palladium in catalytic

converters. Mesoporous silicates have found utility in hetewgeneous

reaction catalysis because their large accessible surface area allows for

high catalyst loading.

18
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In car engmes, incomplete combustion of the fuel produces carbon

monoxide, which is toxic. The electric spark and high temperatures also

allow oxygcn and nitrogen to react and form nitrogcn monoxide and

nitrogen dioxide, which are responsible for photochemical smog and acid

rain. Catalytic converters reduce such emissions by adsorbing CO and

NO onto catalytic surface, where the gases undergo a redox reaction.

Carbon dioxide and nitrogen arc desorbed from the surface and emitted as

relatively harmless gases:

2CO + 2NO ---+ 2C02 +N2

Many catalysts used in refineries and in petrochemical applications are

regenerated and reused multiple times to save costs and energy and to

reduce environmental impact from recycling or disposal of spent catalysts.

ii) Homogeneous catalysts: Homogeneous catalysts are in the same

phasc as the reactants. In homogeneous catalysis the catalyst is a

molecule which facilitates the reaction. The catalyst initiates reaction

with one or more rcactants to form intermediate(s) and in some cases one

or more products. Subsequent step5 lead to the formation of remaining

products and to the regeneration of the catalyst.

Examples of homogeneous catalysts are:

1) Thc ion H'(aq) which acts as a catalyst in esterification, as well as in

the inverse reaction - hydrolysis of cstcrs such as methyl acetate is

eatalysed by H"

2) Chlorine free radicals in the break down of ozonc. Thcsc radicals are

fomled by the action of ultraviolet radiation on chlorofluorocarbons

(CFCs). They react with ozone to form oxygen molecules and regenerate

19
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the catalyst radicals. This process destroys the thin layer of stmtospherie

ozone

cr + 03 ---> CIO' + 0'2

CI0'+0'->cr+02

3) Oxides of nitrogen in the oxidation of sulphur dioxide to sulphur,

trioxide by dioxygen in the chamber process.

iii) Biocatalysts: In nature enzymes are catalysts in the metabolic

pathway, In biochemistry catalysis is also observed with abzymes,

ribozymes and deoxyribozymes. Biocatalysts can be thought of as a

mixture of a homogenous and heterogeneous catalyst. This is because the

cnzyme is in solution itself, but the reaction takes place on the enzyme

surface.

iv) Electrocatalysls: In the context of electrochemistry, specifically in

fuel cell engineering, various metal-rich catalysts are used to promote the

efficiency of a half reaction that occurs within the fuel cell. One common

type of fuel cell electrocatalyst is based upon tiny nanoparticles of

platinum which adorn slightly larger carbon particles. When this type of

platinum electrocatalyst is in contact with one of the electrodes in a fuel

cell, it increases the rate of the redox half reaction in which oxygen gas is

reduced to water (or hydroxide or hydrogen peroxide).

1.2.4 Significance

Catalysis is of paramount importance in the chemical industry. The

production of most industrially important chemicals involves catalysis.

Two notable commercial processes are the Haber process for ammonia

20



introduction

synthesis and the Fischer-Tropsch synthesis. Research into catalysis is a

major field in applied science, and involves many fields of chemistry,

notably in organometallic chemistry, and physics. Catalysis is important

in many aspects of environmental science, from the catalytic converter in

automobiles to the alleged causes of the ozone hole. Catalytic, rather than

stoichiometric reactions are preferred in environmentally friendly green

chemistry due to the reduced amount of waste generated.

1.3 Catalytic Materials

1.3.1 Metals

Metals are crystalline solid materials consist of metal atoms distributed in

a definite pattern resulting from their dose packing. The types of close

packing arrangement depend upon the size and electronic eontiguration

of the atoms involved in the formation of crystal lattice. Since the metal

atoms arc all in direct contact with one another in the lattice and their

valence electrons are in identical energy states, it is believed that the

e1ecLron~are free to migrate between atoms. Metal atoms have an excess

oflow energy orbital vacancies. These vacancies enable valence electrons

to move from near a certain nucleus to ncar any other nucleus where their

position remains indistinguishable from the first. Thus, mctals may be

pictured as a collection of positive atomic cores embedded in a fluid of

electrons or sea of electrons. For this fluid of electrons, mctals are good

conductors of electricily and heat. Melals hllVemetallic luster; they are

malleable, ductile and high melting points.

Metals have simple crystal lattices since metallic bonding envIsages

closest packing of atoms-one layer above another. Metals may have any
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system of seven common crystal systems. Fe, Cu, AI, Ag, Au cte are the

most eonunon metals which are VlOryuseful to us.

1.3.2 Semiconductors

Semiconductors arc special kind of materials which have the properties of

semiconduclivity is an electrical propcrty of materials. A relatively small

group of elements and compounds have an important electrical property,

semiconduction in which thcy are neither good electrical conductors nor

good electrical insulators. ln~tead, their ability to conduct electricity is

intermediate. Si, Ge, impure ZnO, impure NiO are some examples of

semiconductors.

The magnitude of conductivity in thc simple semiconductors fall within

thc range IO-<i to 10-1 n _I em-I. This intennediate range corresponds to

hand gaps of less then 2e V. Both conduction electrons and electron holes

are charge carriers in a simple semiconductor.

In a semiconductor element, the energies of the valence electrons, which

bind the crystal together, lie in the highest filled energy band, ealled the

valence band. The empty band above, called the conduction band, is

separated from the valence band by an energy gap. The magnitude of the

energy gap or the width of the forbidden energy wne is characteristic of

the lattice alone and varies widely for different crystals.

Thc transfer of an electron from the valence band to the conduction band

requires high excitation energy to overcome the potential barrier of the

forbidden energy zone. Consequently, such elements behave like an

insulator at low temperatures. The application of heat or light energy may

give enough energy to some electrons in the valence band to excite them



Jnlm<iuclio"

across the forbidden zone into thc conduction band. These electrons in the

conduction band are now frec to movc and can carry electricity (Fig.

1.3.1).

Semiconductors are of two kinds such as

(i) Intrinsic semiconductor

(ii) Extrinsic semiconductor

(i) intrinsic ~.emkonductors: If a pure, elemental substance shows the

semiconducting properties, it is called inlrinsie semiconductor. Pure Si,

Ge shows these semiconducting properties. This semiconduction results

from the thermal promotion of electrons from a Glled valence band to an

empty conduction hand. There, the electrons are negative charge carriers.

Thc removal of electrons from the valence band produces electron holes

which are positive charge carrier and identical to thc conduction electrons

(Fig. 1.3.1. a). This overall conduction sehcmc is possible because of the

relatively small energy band gap between the valcncc and conduction

bands in silicon. [f 6 is the conductivity of semiconductor then for

intrinsic semiconductor, we can write:

IS = nq (Il<: + ttrJ

Where, n --+ dcnsity of conduction electron

q --+ charge of single carrier

'"'" --+ carrier mobility of <:lectron

~--+carrier mobility of hole

1.3.1

(ii) Extrinsic semiconductors: Extrinsic semiconductioll result from

impurity additions known as dopants, and the process of adding these

components is called doping. These types of semiconductors are extrinsic

semiconductors. At room temperature the conductivity of semiconductors

results from electrons and holes introduced by impurities in the crystal.
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Thc presence of an impurity lowers considerably the activation energy

necessary to transfer an electron from the valence band to the conduction

band. This indicates that the ground state energies of such easily excited

electrons must lie in the forbidden energy region. Two such discrete

energy levels, known as donor levels and acceptor levels, may be

introduced into the forbidden energy zone at a small interval of energy

below the conduction band ur above the valance band (Fig.1.3.1. b).

Donor levels give rise to electrons in the conduction band, whereas

acceplor levels lead to the formation of holes in the valence band.

Impurity of Si, with B, P, NiO, ZnO, are the examples of extrinsic

semiconductors. Exlrinsic semicondw:lors are oflwo kinds such as p-type

extrinsic semiconductor and n-type extrinsic semiconductor.

p-type extrinsic semiconductors: The p-type semiconductor is obtained

when the impurity atoms have fewer valence electrons than the silicon or

germanium atoms of the original crystal. When a trivalent element such

as B, AI, Ga, In is substituted for Si atom, the structure will be locally

incomplete and the impurity atom will acquire an extra electron from a

nearly bond in the laltice to approximate the telrahedral cloud distribution

of the lattice. This creates a positive hole localized near the impurity,

which will attempt to neutralize i~e1f by taking an electron from another

neighboring bond.

Then again a hole is formed in place of this electron and it will neutralize

itself by taking another electron from the next neighboring bond. Such.
way the positive holes carry electricity in the extrinsic semiconductor. So

iUs called p (i.e. positive) type semiconductor (Fig. 1.3.1 a) Cu20 also p-

type semiconductor.
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Fig. 1.3.1: A pictorial representation of an (a) intrinsic and
(b) extrinsic semiconductor.
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n-type semicondm:tors: They n-type semiconductor arises from

substitution of impurity atoms having more valence electrons than Si or

Ge atoms, Elements such as P, As, Sb, and Hi have five valence ckctrons.

When such an element is substituted fo, a silicon atom, four of its five

electrons will enter the inter-atomic bonds, but the fifth electron will be

only slightly attracted by the excess of the positive charge on the nucleus.

Thermal agitation even at room temperature is sufficient to transfer this

electron to the conduction band. Since conductivity is due to the motion

of electrons in the conduction band, this semiconductor is called n-typc

and the impurity is called the donor (Fig.1.3.2.b). Titanium dioxide or

titania is a non-stoichiometric transition metal oxide and behaves as n-

type semiconductor [7J.

There are three naturally occurring crystal phases of titanium dioxide:

rutile, anatase, and brookhite. Most of the -'electrochemical and

photocatalytic work to date have been performed on rutile or anatase, or a

mixture ofthe two. Both rutile and anatase have tetragonal unit cells, and

both structures contains slightly distorted Ti06 octahedral. Rutile is

thermodynamically more stable than anatase at room temperature; the

free energy change for antatase to rutile is -5.4 kJ/mol [8].

The absorption and reflection properties of rutile have been studied

extensively. At 4K, the short wavelength absorption edge for rutile is 410

nm (bandgap energy = 3.05 eV) [9-10J, The lowest energy electronic

absorption at 3.05 cV is an indirect transition. On the other hand, the

bandgap of anatase is reported as 3.2 eV [11J. The absorption coefficients

for both crystal phases arc reported as _105 cm"1at 340 nm [12].
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Fig. 1.3.2: Types of impurity semiconductors (a) p-lype (b) n- lype.
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Ultraviolet radiation bdow -390 nm stimulates valence-band electrons in

Ti02 partides that are suspended in contaminated water. These electrons

are promoted to the conduction band (e"Cb),creating holes in the valence

band (h+vb). These electron / hole pairs can either recombines, producing

thermal energy, or interact with the external environment to perform

oxidation and reduction reactions.

h"
TiOl • Ti02(e"cb,h+ vb)

1.3.3 Inorganic Oxides

An oxide is a chemical compound containing at least one oxygen atom as

well as at least one other element. Most of the Earth's crust consists of

oxides. Oxides result when elements are oxidized by oxygen in air.

Virtually all elements bUlTI in an atmosphere of oxygen. In the presence

of water and oxygen (or simply air), some clements - lithium, sodium,

potassium, rubidium, caesium, strontium and barium - react rapidly, even

dangerously to give the hydroxides. In part for this reason, alkali and

alkaline earth metals arc not found in nature in their metallic, i.e., native,

form. The surface of most metals consist of oxides and hydroxides in the

presence of air. A well known example is aluminium foil, which is coated

with a thin film of aluminium oxide that passivatcs the metal, slowing

further corrosion. Due to its electronegativity, oxygen forms chemical

bonds with almost all elements to give the corresponding oxides. So-

called noble metals (common examples: gold, platinum) resist direct

chemical combination with oxygen, and substances like gold (III) oxide

must be generated by indirect routes.
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The oxide class of minerals is a rather diverse class. It includes minerals

that arc quite hard (corundum) and some that are quite soft such as

psilomelane. It has metallic minerals such as hematite and gemstones

such as corundum, chrysoberyl and spinel. Many oxides are black but

others can be very colorful. The large diversily of oxides can be partially

attributed to the extreme abundance of oxygen in the Earth's crust.

Oxygen comprises over 45% of the Earth's crust by weight. Most of this

is loekcd up in more complex minerals bascd on chemical complex

anions such as CO/, BO/, sol, NO)., SiOt, PO/ and olhers. But

great opportunities exist for single oxygen ions to combine with various

elements in many different ways. In a strict sense, minerals that belong to

the more complex mineral classes such as the silicates are really oxides.

But this would be cumbersome for mineralogists to be able to deal with

only the four different classes of the elements class, the halides class, the

sulfides class and finally the extremely large oxides class with all of its

many subclasses and over 90% of all known minerals. By convention

therefore, the oxides are limited to non complex minerals conlaining

oxygen or hydroxide. Oxides also contain mostly ionic bonds and this

helps distinguish membcrs from the more complex mineral classes whose

bonds arc typically more covalent in nalure. Quartz, SiOl, would be

considered an oxide, and still is in some mineral guides and texts, except

for its covalent silicon oxygen bonds and its structural similarity to the

other Tectosilicates.

Therc arc varoius types of oxides m nature. Oxides of morc

eleclropositive elements tend to be basic. They are called basic

anhydrides; adding water, they may form basic hydroxides. For example,

sodium oxide is basic; when hydrated, it forms sodium hydroxide. Oxides

of more electronegative clements tend to be acidic. They are called acid
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anhydrides; adding water, they foml oxoacids. For example, diehlorine

heptoxide is acid; perchloric acid is a more hydrated form. Some oxides

can act as both acid and basc at different timcs. They are amphoteric. An

example is aluminium oxide. Some oxides do not show behavior as eithcr
acid or base

Inorganic oxides are one of the most important materials for science and

tcchnology. Especially transition metal oxides have characteristics

surface. It has drawn grcat attention to rescarchers. Metal oxide has been

used as catalyst, sensor, and adsorbent for removal of toxic chemical,

electrode material as well as used in electro chromic devicc and solar cell
etc.

Nowadays nano metal oxide is one of the promlsmg materials for

scientists. Thc applications of nano oxide particles are increasing day by

day. The most commonly used transition metal oxides are titania,

manganesc oxide, zinc oxide, cobalt oxidc, nickel oxide, iron oxide etc.

1.3.4 Oxides of Manganese

Manganese is the tenth most abundant elcmcnt in thc earth's crust [13]

and occurs in nature in the +2, +3, and 1-4 oxidation states. Manganese

oxides are commonly used in a wide range of applications including dry-

cell batteries [14], pigments [13], catalysts [15-19J, and water-purifying

agents [13]. The greatest pcrecntage of the world's manganese production

is consumed in steel production, where it is added for increased strength

[13J. Manganesc oxides are activc catalysts in several oxidation and

reduction reactions, including oxidation of methane and carbon monoxide

and selective reduction of nitrobenzene [20], Chang and McCarty found
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the oxygen absorption and desorption behavior of manganese oxide as an

oxygen storage component to be superior to that of cerium oxide [21J.

Manganese fonns the stable oxides MnO, Mn)04, Mnl03, and Mn02 as

well as the metastable Mn,Os. The structural properties of these oxides

are listed in Table 1. Reduction and oxidation of manganese oxides are

reversible up to MnlO]; formation of Mn02 in purc oxygen requires

pressures greater than 3000 bar [13].

Table 1.3.1 Manganese Oxides Structural Data
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Manganese(IV) oxide is the chemical compound Mn02, commonly called

manganese dioxide. This blackish or brown solid occurs naturally as the

mineral pyrolusite, which is the main ore of manganese. It is also present
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III manganese nodules. The principal use for MnO] is for dry-ccll

batteries, such as thc alkaline battery and the zinc-carbon battery.

Manganese dioxide is u5ed as an oxidant in organic synthesis. The

cffcctiveness of the reagent depends on the method of preparation, a

problem that is typical for other heterogeneous reagents where 5urtacc

area, among other variables, is a significant factor [22]. The mineral

pyrolu5ite makes a poor reagent. U5ually, however, the reagent is

generated by treatment of an aqueous solution KMn04 with a Mn(ll) salt,

typically the sulfate at various pH's.

The predominant application of MnO, is for the oxidation of allylic

alcohob to the corresponding aldehydes:

eis-RCH=CHCH,OH +MnO] -+ cis-RCH=CHCHO +MnO +H,O

The configuration of the double bond is conserved in the reaction. The

corresponding acetylenic alcohols are also suitable substrates, although

the resulting propargylic aldehydes can be quite reactive. Benzylic and

even unactivated alcohols are also good substrates. 1,2-Dio!s are cleaved

by Mn02 to dialdehydes or dikctones. Otherwise, the applications of

MnO, are numerous, being applicable to many kinds of reactions

including amine oxidation, aromatization, oxidative coupling, and thiol

oxidation.

Some examples of the use ofMn02 are given below [23J:

• Mn02 is u5ed as a catalyst in thc classical laboratory preparation of

oxygen from potassium chloratc. A mixture of potassium chlorate

and mangane5e dioxidc is hcated in a hard glass container and the

oxygcn gas collected over water.
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• Mn02 is used in combination with anthracite, sand, and gravel in
mdustrial water treatment plants.

• Manganese dioxide also catalyses the decomposition of hydrogen
peroxide to oxygen and water:

• Eighteenth-century Briti~h chemists referred to Mn02 simply as

manganese. Elemental mangane~e was known as regulus of
manganese.

• Ancient cave painters used Mn02 as a black or brown pigment.

• Mn02 was used for production of chlorine in the eighteenth

century, before being displaced by eleetrolytic methods. The

manganese dioxide was subsequently recovered by the Weldon
process.

Manganesc(VII) oxide is the chemical compound with the formula

Mn207' This volatile liquid is highly reactive and more often discussed

than observed or intentionally prepared. It is a dangerous oxidizer that

was first described in 1860 [24].

MIl207 arises as a dark red oil by the addition of H2S04 to KMn04. 11le
reaetion initially produces pemtanganic acid, HMn04 (also described
with the formula [-]OMn03).Permanganic acid spontaneously loses water

to form its anhydride, Mn207.

Mn207 can react further with sulfuric acid to give the remarkable cation
MnO)<,which is isoclcctronic with cr03:
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Mn207 decomposes near room tempcraturc, explosively so at >55 °C. The

explosion can be initiatcd by striking the sample or by its expusure to

oxidizable organic compounds. The products are Mn02 and O2 [25].

The manganese oxidc Hausmannite, Mn]04, is usually not a beautiful

mineral; however some spccimens are truly wonderful. It can have a I
bright metallic luster and form well-shaped crystals. The cryslals are I

letragonal dipyramids, an eight faced form that looks psuedo-octahedra1.

Indeed at first look, good crystals of hausmannite appear to be

oetahedron~ like those formed by the spinel group of minerals.
Hausmannite i~ a complex oxide of manganese containing both di- and

tri-valent manganese. The formula of hausmannite, (MnH)(Mn+3)z04,

would also seem to place it in the spinel group. Ibeir general formula is

AB20., where A can be a manganese with a positivc two charge and B

can be a manganese with a positive three (+3) charge. However, those A
and B positions are fil1ed with other elements when either one has a

manganese ion present. Both sites can not accommodate a manganese ion

at the same time and still preserve the isometric structure. Ergo,

hausmannite has a distortcd spinel structure that produces a tetragonal

symmetry and a basal cleavage not possible in the spinel group of

minerals. At much higher temperatures, the structure of hausmamlite
converts to the isometric spinel structurc. Hausmannile is an interesting,
and can he (when well-formcd) a first-rate mineral specimen.

MnJ04 is known to be a good candidate as an active catalyst for the

dccomposition of waste gases [26], as a corrosion-inhibiting pigment [27,

28], and as an intercalation compound, such as in lithium manganese

oxide, which is an electrode material for rechargeable lithium batteries

[29]. Bulk Mn304 undergoes a ferrimagnetic transilion at 42 K [30J, but

MnJ04 nanopartieles exhibit a size-dependent Curie temperature (TC)

[31,32J.
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1.4 Conductive Polymers

During the last two decades, a new class of organic polymers is

synthesized which conduct electrical current. These polymers are called

conducting polymers [33]. In general polymers are insulating materials

having conductivities ranging from 10-10 Scm-l for polyvinyl chloride to

10"18 Scm-1 for polytctrafluro-ethylene, which are mane orders of

magnitude below compare to the conductivities associated with metals

(> 106 Scm-I). As a result polymcrs have found widc spread acceptance in

a myriad of insulating and structural applications through out the

clectronic industry. One of the earliest approaches to make polymers

conducting is to prepare a composite of polymers and conquctive filler,

such as mctal powder, graphitc powder, flake or wire etc. Conductive

fillers remain cmbedded more or less evenly dispersed in the polymer

matrix and conduct electric current" But these compositcs can not be

regarded as conducting polymers bccause the polymers prcscnt in such

composites arc non-conducting [34-37]. When anions like cr, CI04-, BF4"

etc. are doped chemically to organic polymers, their electrical

conductivity increases. Again when silicon dioxide is clopped in to these

plymers, their stability is increased although its electrical conductivity

may be decreased.

1.4.1 Brie/History o/Conductive Polymers

The discovery in 1973 that poly sulfur nitride (SN), was intrinsically

conducting provided a proof that polymers could be conducting and thus

greatly stimulated the search for other conducting polymer [38J. During

the last two decades, a new class of organic polymers has been devised
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with the remarkable ability to conduct electrical current. These class of

materials are called conducting polymers [39J.

One of the earliest approaches to make the polymers conductive is to

prepare a composite of polymers and conductive filler, such as, metal

powder, graphite powder, t1ake or wire etc. Conductive fillers remain

embedded more or less evenly dispersed in the polymer matrix and

conduct electric current. But these composites cannot be regarded as

conducting polymers because the polymers presents in such composites

are non-conducting [40-43].

In 1964, W. A. Little [44] synthesized a superconductor at room

temperature with polymeric backbone and large polarizable side groups

which led the discovery of new organic compounds with high electrical

conductivity.

In the early 1980s, excitement ran high when sever.u prototype deviees

based on conductive polymers, such as rechargeable batteries and current

rectifying p-n junction diodes [45] were announced. Among the many

polymers known to be conductive, polyacetylene (PAT), polyaniline

(PANI), polypyrrole (PP) and polythiophene (PT) have been studied most

intensively [46-52]. However, the conductive polymer that actually

launched this new field of research was PAT.

Research has been expanded into the studies of hcteroatomic conductive

polymers because of their better chemical stability and the interest in the

polaron and bipolaron conduction mechanism [53, 54]. Among the

heteroatomic polymers PP, PT and PANI have been studied extensively.
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Tn 1968, Dall'Olio et. at. [55J published the first rcport of analogous

electrosynthesis in other system. They had observed the formation of

brittle, film like pyrrole black on a PI electrode during the oxidation of

pyrrole in dilute sulfuric acid. Conductivity measurements carried out on

the isolated solid state materials gave a value of 8 Scm'i• In addition, a

strong ESR signal was evidenced of a high number of unpaired spin.

Earlier, in 1961, H. Lund [56] had reported in a virtually unobtainable

publication that PP can be produced by electrochemical polymeri7..ation.

In 1979, Diaz et. at. [57J produced the first flexible and stable PP film

with high conductivity (100 Scrn'\ The substance was polymerized on a

Pt electrode by anodic oxidation in acetonitrile. The known chemical

methods of synthesis [58-60] usually produced low conductivity powders

from the monomers. PP formed at the electrode surface and could be

peeled off as a flexible, relatively dense and shiny blue-black film. This

polymer is characterized not only by its high conductivity but also by its

high stability.

During the 1980s, PAN! was subjected to intense structural, physical, and

electrical characterization, using modem experimental techniques. A brief

survey, out of numerous features and studies made on PANI is presented

below:

1.4.2 Structural Features of PANl

Organic conducting polymer, PANI, is being studied more and more, and

up to the recent years has been the centre of considerable scientific

intercst. However, PANI is not really a new material and its existence has

been known for the past 150 years or over, since it had already been made

by Runge in 1834. ,
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PANI has been described in many papers [61] usually as ill-defined forms

such as 'aniline black' emeraldinc, nigraniline, etc. synthesized by the

chemical or electrochemical oxidation of aniline. Figure 1.4.1 shows

the idealized oxidation state of PANI: leucoemeraldine, emeraldine,

pernigranilinc and emeraldine salt. Different structures result in different

electrical behaviours of the material. Emeraldine salt is a partially

oxidized compound, protonatcd, with electrical conducting

cbaracteristics. Leucoemeraldine is a fully reduced compound with

electrical insulating characteristics. There are no double bonds between

the aromatic rings and the N-H groups. Emeraldine base is an insulating

compound, partially oxidized with few N-H groups in the main chain.

Emeraldinc changes from insulator to conductor when it is protonated

with proton donor acids, such as, hydrochloric acid. "Ibis change is one of

the most interesting properties of PANI.

Fig. 1.4.1: Representationof idealizedoxidationstates of PAN!.
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The structure of emeraldine PANI can be: changed to emeraldine salt by

removing an electron from the N-H group. Pemigraniline is a fully

oxidized compound without conducting characteristics. There are no N-H

gruups in the structure. The level of protonation in the structure causes

dramatic changes in the conductivity. The base form of the polymer in the

cmcraldine oxidation state (y = 0.5)

which contains equal number of alternating reduced,

H H
F\ '-0-'----v-N ~ j N- and oxidized -o-NON-

repeating units can be protonatcd by dilute aqueous acid to produce the

corresponding salt (A=anion)

~

H " H H8- I - I - I - IN-o-N1f 0-1_=O=~_ x

which is believed to exist $i pulysemiquinone radiCal cation [39-40].

~
H H HH8- I - I - I - I

! ~-o-~1::EO-~O~
A Y Pi x

The polymer exhibits conductivities of - 1-5 S cm-] when approximately

half of its nitrogen atoms are protonated as shown above.
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1.4.3 Methods of Preparation

PANI is generally prepared by direct oxidation of aniline usmg an

appropriate chemical oxidant or by electrochemical oxidation on different

electrode materials.

Various chemical oxidizing agents have been used by different authors:

potassium dichromate [62, 63], ammonium pcrsulfate or peroxydisultate

[64, 65], hydrogen peroxide, eeric nitrate and ceric sulfate [66, 67]. The

reaction is mainly carried out in acid medium, in particular sulfuric acid,

at a pH between ° and 2 [53, 54]. However, MacDiarmid et al. [67, 68]

used hydrochloric acid at pH 1. Genies et al. [68] used a eutectic mixturc

of hydrofluoric acid and ammonia, the general formula of which is NH4F:

2.3 HI', for which the pH is probably less than 0.

When aniline is mixed with the chemical oxidant in a reaction vessel and

left for a certain period of time (the duration of which depends on the

temperature and the concentration of active species), the solution

gradually becomes colored and a black precipitate appears [69]. The

coloration of the solvent is possibly due to the formation of soluble

oligomers.

Anodic oxidation of aniline on an inert metallic electrode is the most

current method for the electrochemical synthesis of PANI. This method

offers the possibility of coupling with physical spectroscopic technique

such as visible, IR, Raman, ellipsometry and eonductimetry, for in situ

characterization.

The anodic oxidation of aniline is generally effected on an inert electrode

material which is usually Pt [70, 71]. However, several studies have been t
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canied out with other electrode muterials: iron [72J, copper [73J, zinc and

lead, chrome-gold [74], palladium [75] and different types of carbon

vitreous, pyrolic or graphite [76J or on semiconductor [77, 78). When the

polymerization is carried out at constant current, a maximum current

density of 10 mA cm .2 is mrely cxceeded.

The conduding polymers, CH]-PANI, PP, and the copolymers as well as

thc composites can also be prepared by both chemical (79-92) and

elcctrochemical polymerization (93-125).

1.4.4 Reaction Mechanism/or Polymerization 0/ Aniline

The efficient polymerization of aniline is achieved only in an acidic

medium. The mechanism of this reaction is shown in Fig 1.3.3. The first

five steps involve the establishment of the anilinium radicals and the

possible reactions bet\vccn the anilinium radicals themselves or with each

other, and finally the oxidation of ADPA by the peroxide to fonn PBQI.

Step 6 is the most important onc, because it shows that the catalytic

action of the acidic reaction mcdium accelerates thc coupling of anilinc

(or, more precisely anilinium radical 2) with existing dimmers and higher

oligomcrs (step 6b). Morcovcr step 6b also supplies a reasonable

cxplanation for the different oxidation statcs in PANI powdcrs prcpared

under similar conditions.

Step J: Fonnation of the aniliniumradicaIcation 1

a-so
I 'a-so-=-o {
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Step 2: Fonnation of the aniliniumradicall

Step 3: Fonnation of the aniliniumradical2

.

Step 4: Coupling of the aniliniumradicals 1 and 2 (Generation of

p-aminodiphenylamine)

=.~=

Step 5: Generation ofN-phenyl-I,4-bcnzoquinone diimine from

p-aminodipheny lamine

a-so
I 'a-sO;

I
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Step 6: Growth of aniline oligomers and polymers

(a) Growth via p-anlinodiphenylamine and aniliniumradical 2

In/roduc/ion

~H~
2 ~N\QrNH2 + o-so1 ;

O-SO~
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(b) Growth via N-phenyl-I,4-bem:oquinonediimine and aniliniumradieal

2, catalyzedby the acid HX

@-~<Q>-~<Q>-irn•. ONH ==@-~f<15>-~j@-NH',

o-so, '
o-so~

+ 2HSO,-

HX; (n-I) s,o,,".

2n.ONH

Fig. 1.4.3: Mechanismfor the polymerization of aniline

1.4.5 Application of Conducting Polymer

Conducting polymeric materials prepared by electrochemical

polymerization of a number of monomers havc recently received

considerable attention because of the largc variety of their potential

applications such as in energy storage [126], batteries [127,128J,
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eleetroeatalysis [129,130], gas sensors [131-135], and biosensors [136-

141].

PANI can be used as material for moditied electrodes [76, 142], as a

corrosion inhibitors for semiconductors ill photoelectrochcmical

assemblies [143], in microelectronics [144, 145] and as electroehromic

mateIial [146]. The application which has inspired most interest is in the

area of electrochemical batteries. Th(; possible use of PANI as a(;tive

anodic materia! is in rc(;hargeable batteries [61].

More recent systematic studics have been undertaken by numerous

groups [47, 65, 143] on the possible usc of PANI as an activc electrode

materia!. These invcstigations deal with the behavior of PANI in aqucous

and organic media as a function of the mode of synthesis.

1.5 Composites

Since 1965 a distinct disciplin(; and technology of composite materials

hav(; b(;cn begun to emerge. That is 80% of all research and development

on composites have been done since 1965 when the Air Force launched

its-all out developmcnt program to make high performance fiber

composites a practical reality. Therc arc two major rellsons for the

revivcd interest in composite materials. One is that the increasing

dcmands for higher performance in many product arellSespecially in the

aerospace, nuclear energy and aircraft fields is taxing to the limit our

conventional monolithic materials. The second reason, the most important

for the long run is that the composites concept provides scientists and

engineers with a promising approach to designing, rather than selecting,

materials to meet the specific requircmcnts of an application.
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The term 'composite' reters to something made up of various parts or

elements, In definition ofeomposile depends on the structural1evel of the

composite we are thinking about. At the submicroscopic level that of

simple molecules and crystal ccHsall materials composed Oflwo or more

different atoms or elements would be regarded as composites. This would

include Compounds, aHoysplastics and ceramics. Only the pure elemcnts

would be excluded. At the microscopic level (or microstructural level)

that of crystals, polymers, and pha'Jes a composite would be a material

composed of two or more different crystals, molecular structures, or

phases. By this definition most of our traditional materials, which have

always been considered monolithic, would be classified as composites. At

the macro structural level which is most useful for composites, the

definitions of composites is that they <Irea mixture of macro constituent

phasc composed of materials which are in a divided state and which

generally differ in fOnTIand/or chemical composition. Note that, contrary

to a widely held assumption, this definition does not require that a

composite be composed of chemically different materials, although this

usually thc case. The more important distinguishing characteristics of a

composite arc its geometrical features and the fact that its performance is

the col1ective behavior of the constituents of which it is composed. A

composite material can vary in composition, structure, and properties

from one point to the next inside the material.

The major constituents used in structuring composites are fibers,

particles, laminas, flakes, filters and matrix. The matrix, which can be

thought of as the body constituent, gives the composite its bulk fOnTI.The

other four, which can be referred to as structural constituent~, determine

the character of the composite's internal structure. A special type of
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composite, fIberglass embedded in a polymer matrix is a relatively recent

invention but has in a few decades, become a commonplace material.

Characteristic of good composites, fiberglass, provide~ the 'best of both

worlds', it carries along the superior properties of each component,

producing a product that is superior to cither of the components

separately. The high strength of the small diameter glass fibers is

combined with the ductility of the polymer matrix to produce a strong

material capable of withstanding the normal loading required of a

structural material.

1.6 Dyes

A dye can generally be described as a colored -substance that has an

affinity to the substrate to which it is bcing applied. The dye is generally

applied in an aqueous solution, and may require a mordant to improve the

fastness of the dye on the fiber.

Both dyes and pigments appear to be colored because they absorb some

wavelengths of light preferentially. In contrast with a dye, a pigment

generally is insoluble, and has no affinity for the substrate. Some dyes

can be precipitated with an inert salt to produce a lake pigment.

Archaeological evidence shows that, particularly in India and the Middle

East, dyeing has been carried out for over 5000 years. The dyes were

obtained from animal, vegetable or mineral origin, with no or very little

proees~ing. By far the greatest source of dyes has been from the plant

kingdom, notably roots, berries, bark, leaves and wood, but only a few

have ever been used on a commercial scale.
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1.6.1 Orgunu: Dyes

An organic dyc consists or a color producing Htructurc, the chromogen

(electron acceptor), and a part to regulate thc solubility and dying

propertics, the auxochrom (elcctron donor). Without both parts, thc

material is simply a colorcd body.

The Chromogen is an aromatic body containing a colur-giving group,

called the chrumophore. Chromophore groups cause color by altering

absorption bands in the visible spectrum. Common chromophorcs are:

nitroso group (- NO), nitro group (-N02), am group (- N=N -), ethylene

group (>C = C <), carbonyl group (>C = 0), carbon nitrogcn groups

(>C=NH and -CH =N-), carbon sulphur groups (>C = Sand -7C- S-S-

Cf-) etc.

lbeses groups add color to aromatic bodies by causing displacemcnt of,

or an appcarance of absorption bands in the visible spectrum. In modern

point of views, these groups place the ground and cxcited state in the

range that corrcsponds to the visible rangc of the spectrum.

The auxochrome, an essential part of a dye molecule, cause the dye to

adhere to the material which it colors, cnhance the color of dyc, improve

solubility in thc solvent which is important for application on the

materials.

Common auxochrome are: - NH2, - OH, -NR2, -COOH, - SO]H etc.

1.6.2 Classification of Dyes

The first human-made (synthetic) organic dye, mauvcine, was discovered

by William Henry Perkin in 1856.Many thousands of synthetic dyes havc

since been prepared. Synthetic dyes quickly replaced the traditional I
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natural dyes. They cost less, they offered a vast range of new colors, and

they imparted better properties upon the dyed materials [147]. Dyes are

now classified according to how they are used in the dyeing process.

Acid dyes are water-soluble anionic dye~ that arc applied to fibers such
as silk, wool, nylon and moditled acrylic fibers using neutral to acid

dyebaths. Attachment to the fiber is attributed, at least partly, to salt

formation bct\vcen anionic groups in the dyes and cationic groups in the
fiber. Acid dyes are nol substantive to cellulosic fibers.

Basic dyes are water-soluble cationic dyes that are mainly applied to

acrylic fibers, but find some u~e for wool and silk. Usually acetic acid is

added to the dyebath to help the uptake of the dye onto the fiber. Basic
dyes arc also used in the coloration of paper.

Direct or substantive dyeing is normally carried out in a neutral or

slightly alkaline dyebath, at or near boiling point, with the addition of

either sodium chloride (NaCl) or sodium sulfate (Na2S04)' Direct dyes

are used on colton, paper, leather, wool, silk and nylon. They arc also

used as pH indicators and as biological ~tains.

Mordant dyes require a mordant, which improves the fastness of the dye
against water, light and perspiration. The choice of mordant is very

important as different mordants can change the final color significantly.

Most natural dyes arc mordant dyes and there is therefore a large

literature base describing dyeing techniques. The most important mordant

dyes are the synthetic mordant dyes, or chrome dyes, used for wool; these
comprise some 30% of dyes used for wool, and are especially useful for
black and navy shades. The mordant, potassium dichromate, i~ applied as

an after-treatment. It is important to note that many mordants, particularly

those in the heavy metal category, can be hazardous to health and

extreme care must be taken in using them.
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Vat dyes arc essentially insoluble in water and incapable of dyeing fibres
directly. However, reduction in alkaline liquor produces the water soluble

alkali metal salt of the dye, which, in this leuco form, has an affinity for
the textile fibre. Subsequent oxidation reforms the original insoluble dye.

The color of denim is due to Indigo, the original vat dye.

Reactive dyes utilize a chromophore attached to a substituent that IS

capable of directly reacting with the fibre substrate. The covalent bonds
that attach reactive dye to natural fibers make them among the most

permanent of dyes. "Cold" rcactivc dyes, such as Procion MX, Cibacron
F, and Drimarene K, are vel)' easy to use because the dye can be applicd

at room temperature. Reactive dyes are by far the best choice for dyeing

colton and other cellulose fibers at home or in the art studio.

Disperse dyes were originally developed for the dyeing of cellulose

acetate, and are substantially water insoluble. The dyes are finely ground

in the presence of a dispersing agent and then sold as a paste, or spray-

dried and sold as a powder. Their main use is to dyepolyester but they can

also be used to dye nylon, cellulose triacetate, and acrylic fibres. In some

cases, a dyeing temperature of 130 "c is required, and a pressurised

dyebath is u~ed. The very fine particle size gives a large surface area that

aids dissolution to allow uptake by the tibre. The dyeing rate can be

significantly influenced by the choiee of dispersing agent used during the
grinding.

Azo dyeing is a technique in which an insoluble azoic dye i~ produced

directly onto or within the fibre. This is achieved by treating a fibre with

both diazoic and coupling components. With suitable adjustment of

dyebath conditions the two components react to produce thc required

insoluble azo dye. This technique of dyeing is unique, in that the final

color is controlled by the choice of the diazoic and coupling components.

50



Introductwn

Sulfur dyes are two part "developed" dyes used to dye cotton with dark

colors. The initial bath imparts a ycllow or pale chartreuse color. This is

aftcrtreated with a sulfur compound in plact;:to produce the dark black we

are familiar with in socks for instance. Sulfur Black I is the largest sclling

dye by volume.

Food dyes are another class whidl describes the role of dyes, rather than

their mode of use. Because food dyes are classed as food additives, they

are manufactured to a higher slandard than some industrial dyes. Food

dyes can be direct, mordant and vat dyes, and their use is slrictly

controlled by legislation. Many arc azoic dyes, although anthraquinone

and triphenylmethane compounds are used for colors such as green and

blue. Some naturally-occurring dyes are also u5ed.

1.6.3 Methylene Blue

Methylene blue is a heterocyclic, cationic aromatic dye with molecular

formula: CI6HjgClN,S and its IUPAC name is 3,7-bis(Dimelhylamino)-

pbenawthionium chloride Telramethylthionine chloride.

Fig. 1.6.1: Chemical Structure ofMelhylene Blue
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Il has many uses in a range of different fields, such as biology or

chemistry. At room temperature it appears as a solid, odorless, dark green

powder, that yields a blue solution when dissolved in water. Methylene

blue is widely used as a redox indicator in analytical chemistry. Solutions

of this substance are blue when in an oxidizing environment, but will turn

colorless if exposed to a reducing agent. Tn biology methylene blue is

used as a dye for a number of different staining procedures, such as

Gram's stain, Wright's stain, and Jenner's stain. Since it is a temporary

staining technique, methylene blue can also be used to examine RNA or

DNA under the microscope or in a gel: as an example, a solution of

methylene blue can be used to stain RNA on hybridilation membranes in

northern blotting to verify the amount of nucleic acid present. Owing to

its reducing agent properties, methylene blue is employed as a medication

for the treatment of methemoglobinemia, which ean arise from ingestion

of certain phannaceuticals or broad beans. Basically, methylene blue acts

to reduce the heme group from methemoglobin to hemoglobin.

In the human body, methylene blue is highly stable; if ingested, it resists

the stomach's acidic environment as well as the many hydrolytic enzymes

present. Methylene blue also has some other adverse reactions in human

body that can be stated below [148, 149]:
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Table 1.6.1: Some adverse effects of methylene blue in human body

1-- --------
I I CeDt",1 I, i
iCardiovllseulllrj Nervous Demlltologie Gastrointestinal IGenitourinary iHematologic I

I I System . 'I~-----j__ 1 --'

I "OiZZuless "Staming of "Fecai -:t---- I .
"Discoloration,I "MenIal ,kin discoiomtion I

i"Hypertension of urine
confusion -Injection I-Nausea I

i"Precordial.pain ,"Biadder
I I"HeadaChelSitenecrosis "Vomiting ~. . .

Ilrntahon-Fever (sq -AbdominaJ'pain I__ _J _

1.6.4 Procion Red

Procion red (PR) is common textile organic monouo dye and anionic in

nature. It is a heterocyclic aromatic chemical compound with molecular

formula: C,oHIOCI2N6Na201S2_ Molecular weight of PR is 615.38 and Am",

is 538 nm. Its chemical structure is shown in Fig. 1.6.2.

Fig. 1.6.2: Chemical structure of PRo

53



Inlroduction

1.7 Theoretical Aspects of Experimental Techniques

1. 7.1 Infrared Spectroscopy

Emission or absorption spectra arisc when molecules undergo transition

between quantum states corresponding to two different internal energies.

The energy difference l'.E between the states is related to the frequency of

the radiation emitted or absorption by the quantum relation

.dE = hv

where h ~ Planck's constant, and v ~ frequency.

(1.7.1)

Monochromator

(
B

Amplifier
A

D

Detector

Motor

Sample

Spectrum

Fig.I.7.1: A block diagram of an IR spectrophotometer.

54



Introduction

Infrared (IR) frequencies have the wave length range from 1 f!mto 50 I-ffil

are associated with molecular vibration and vibration-rotation spectra.

Detection of chemical groups and bonding are done by the typical

spectra.

In polymer, the IR absorption spectrum is often surprisingly simple, if

one considers the number of atoms involved. This simplicity results first

from the fact that many of the normal vibrations have almost the same

frequency and therefore appear in the spectrum as one absorption band

and second, from the strict selection rules that prevent many of the

vibrations from causing absorptions. In our experiment, we tried to

observe the change in frequency of different samples cobalt oxide, nickel

oxide, cobalt-nickel mixed oxide and detection of cobalt oxide, nickel

oxidc, mixed oxide by following the Co-O or. Ni-O frequencies. IR

spectrums of all the compounds were recorded on IR spectrophotometer

in the region of 4000-400 cm"'. Samples were introduced as KEr pellets.

A bloek diagram of an IR spectrophotometer is shown in Fig. 1.7.1.

1. 7.2 Ultraviolet-VISible Spectroscopy

Electromagnetic radiation of suitable frequency can be passed through a

sample so that photons are absorbed by the samplcs and changes in the

electronic energies of the molecules can be brought about. So it is

possible to effect the changes in a particular type of molecular energy

using appropriate frequency of thc incident radiation. When a beam of

photons passes through a system of absorbing species, then we can write

dl
--== (Xl

dx
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where, 1--} intensity of photon beam

d1 --} reduction of intensity

dx --} rate of photon absorption with distance (x) traversed

a: --}absorption co-efficient ofthc material

Now if 10 is the initial intensity at thickness 1= 0 and 1 is thc transmitted

radiation at x = 1, then by integration, we can write

I
In -'!=a:1
I

(1.7.3)

For polymers and polymeric composites, Ultraviolet - Yisivlc (UY-Yis)

spcctrum is taken to measure thc impurity level, band gap energy ctc. The

electrode spectra of the prcparcd compounds were recorded on a UY-Vis

recording spcctrophotometer in the wavelength rangc 300-800 nm. A

schematic diagram of UY-Vis spectrophotometer is shown in Fig. 1.7.2.

Rota<ioS ,eotor
mirror
(l><,m 'plitter)

Photom,ltiplier

Rot.,inS '"''''
mirror
(Oo.m "'.'omom")

-~,.,

I
I
I

S.mpl,
",11

Refc",","
""ifr---

Motor

I
I

M"~

from
,"OOOC",onutor

Fig. 1.7.2: A block diagram of an UY-Vis spectrophotometer.
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1. 7.3 X-Ray Diffraction

The X-ray diffraction (XRD) provides substantial information on the

crystal structure. This method is applied for the investigation of orderly

arrangements of atoms or molecules through the interaction of

electromagnetic radiation to give interface effects with structures

comparable in size to the wavelength of the radiation. Studies on the

crystal structures developed based on methods using single crystals after

the discovery of X-ray diffraction by crystals made by the Von Laue

[150]. Nowadays XRD is used not only for the detennination of crystal

structure but also chemical analysis, such as chain conformations and

packing for polymers, for stress measurements and for the measurement

of phase equilibria and the measurement of particle size, for the

determination of the orientation of the crystal and the ensemble of

orientations in a polycrystallinc matcria!.

X-rays are the electromagnetic radiation whose wavelength is in the

neighborhood of I A. The wave length of an X-ray is thus of the same

order of magnitude as the lattic\: constant of crystals, and it is this which

makes X-rays so useful in structures analysis of crystals whenever X-ray

are incident on a crystal surface they are reflected. The reflection abides

by the celebrated Bragg's law as given below:

2d Sin8= nil. (1.7.4)

where d is distance betwccn crystal planes, 8 is the incident angle, "}..is the

wave length of X-ray and n is a positive integer. The diffracted X-ray

may be detected by their action on pholographic films or platcs or by

means of a radiation counter or electronic equipment feeding data to a

computer [15IJ.
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The main purpose of using this technique for the analysis of the studied

polymeric samples is to observe, from the X-ray diffraction pattern, the
change in crystallinity in the series upon same condition.

1. 7.4 SEM Technique

The Scanning Electron Microscope (SEM) uses a finely focused beam of

electrons to scan over the area of interest. The beam-specimen interaction

is a complex phenomenon, The electrons actually penetrate into the

sample surface, ionizing the sample and cause the release of electrons

from the sample. These electrons are detected and amplified into a SEM

image that consists of Back Scattered Electrons and Secondary Electrons.

Since the electron beam has a specific energy and the sample a specific

atomic structure, different image will be collected from different samples,

even if they have the same geometric appearance.

The specimen stage allows movement of the specimen along five axes as

indicated in Fig. 1.7.3 (a) & (b). The basic st.'lge is controlled manually by

micrometers and screw-type adjusters on the stage door. The motorized

stage has motors driving the X, Y, Z and rotation controls, all with
manual override.

The stage can be tilted over 90". The tilt axis always intersects the

electron optical axis of the column at the same height (10 mm). When the

speclmen positioned at this height, the speeimen can be tilted in the

eucentric plane. This means that during tilt, almo~t no image

displacement occurs. The tilting mechanism can be locked for more
stability at high magnification.
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Rotation in the
tilted plane

Y:J: 75 mm in the plane
of tilt, perpendicular to
the tilt axis

X ;I;75 mm along the
tilt axis

Z37mm•

_/--Tilt rangc -30" to +60"

Fig. 1.7.3 (a): l11ustration of specimen stage movement in SEM
arrangements.

,

---

,

Fig. 1.7.3 (b): Mechanical controls and tilt stops on the stage
doorofSEM.
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1. 7.5 Energy Dispersive X-ray (EDX) Microanalysis

EDX is a microanalytical technique that uses the characteristic spectrum

of x-rays emitted by the specimen after excitation by high-energy

electrons to obtain information about its elemental composition. An

electron beam strikes the surface of the sample. The energy of the beam is

120 keV, This causes X-rays to be emitted. The energy of the X-rays

emitted depends on the material under examination. The X-rays are

generated in the whole section. 111edetector used in EDX is the Lithium

drifted Silicon detector. This detector must be operated at liquid nitrogen

temperatures. When an X-ray strikes the detector, it will generate a

photoelectron within the body of the Si. As this photoelectron travels

through the Si, it generates electron-hole pairs. The electrons and holes

are attracted to opposite ends of the detector with the aid of a strong

electric field. The size of the current pulse thus generated depends on the

number of electron-hole pairs created, which in turn depends on the

energy of the incoming X-ray, which depends on the composition of the

si;\mple.Thus, an X-ray spectrum can be acquired giving information on

the elemental composition of the material under examination. By moving

the electron beam across the material an image of each element in the

sample can be acquired.

If an electron beam strikes the surface X-rays (hv) were emitted [Fig.

1,7.4J, which energy depends on the elemental compostion ofthe sample.

Vice versa the energy of the electrons is reduced. Analysis of these

emitted X-rays gives a speetrum, EOX.
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'"hv

Fig. 1.7.4 Schematic diagram of emission of X-ray due to electron

beam interaction with a solid

1.7.6 Cyclic Voltammetry

Electrochemical process is widely used in the polymerization of organic

polymer. Most of the system for electrochemical polymerization consists

of compartmcnt where three electrodes are dipped into the solution

containing monomer and electrolyte solution. Appropriate potential is

applied to the working electrode for polymcrization of the monomers.

The potential of thc working electrodc, where deposition of the polymer

film takes place, is controlled versus the refcrcnce electrode using a feed-

back circuit or a potentiostat. Feed-back circuit drives the circuit betwccn
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the working and counter electrode ensuring that none can pass through

the reference electrode circuit.

The nature of the working electrode is a critical consideration for the

preparation of these films. Since the films arc produced by an oxidative

process, it is important that the electrode is not oxidized concurrently

with the aromatic monomer. for this reason, most of the available films

have been prepared using a platinum or a gold electrode.

Potentiostatic, galvanostatic and potential sweep techniques such as

cyclic voltammetry are widely used for electrochemical polymerization of

aromatic compounds. In potcntiostatic technique:, a constant potential is

applied to the working electrode which is sufficient to oxidize the

monomers to be polymerized on the electrode. In galvanostatic process, a

constant e:urrentdensity is maintained to polymerize the monomers while

film thickness can be monitored in the similar way as described for

potentiostatic technique. On the other hand, cyclic voltammetry involve~

sweeping the potential between potential limits at a known sweep rate.

On reaching the final potential limit, the sweep is reversed at the same

scan rate to the initial potential and the sweep may be halted, again

reversed, or alternatively continued further. In ~uch experiments, cell

current is recorded as a function of the applied potential.

1. 7. 7 Electrical Conductivity

The conductivity of polymer or polymeric compo~ites depends on dopant

level, protonation level of oxidation morphology and moisture content of

the sample. Electrical resistivity of the polymer samples may be

62



introducfion

measured by two probe and four probe techniques. The electrical

conductivity may be measured by using olun's law

Ell =R 1.7.6

where [ is the current in amperes, E is the potential difference in volts, R

is the resistance in oluns. Thc reciprocal is tenned the conductance, this is

measured in Siemens (S) which is reciprocal of ohms (ohm"I). The

resistance of a samples of length L, and cross-sectional area A, is given

where p is a characteristic properly of the material termed the resistivity.

IfL and A will be measured respectively in em and then p refers to em

cube afthe material and

by

R =pUA

p=RAIL

1.7.7

1.7.8

The reciprocal of resistivity IS the conductivity, (formerly specific

conductance)

K = lip K=URA 1.7.9

which is SI units is the conductance of a one em cube of substance and

hastheunits ohm-l em-l orScnfl.

In this experiment, the powdered samples were pressed to rigid solid

mass by pressing from the both sides of the mass. The two electrodes of

microvolt were then connected with solid mass and resistance was

measured directly from the microvolt.
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1.8 Literature Review and Plan of the Present Research

Nanostructured materials have attracted the attention of researchers during

the last decades, not only for their fundamental scientific interest, but also

for many technological applications. For many of these applications, the

synthesis of uniform-sized nanoparticles is of key importance. The electrical,

optical, and magnetic properties of these nanoparticles depend strongly on

their dimension. For example, uniform-sized magnetic nanoparticles have

attracted a lot of attention because of their broad range of applications,

which include magnetic storage media, fcrrofluids, magnetic resonance

imaging (MRl), and magnetically guided drug delivery [153-159]. Recently,

one-dimensional (I-D) nanostructured materials, including nanorods,

nanowires, and nanotubes, have received a tremendous amount of attention

because of their unique properties. These properties are derived from their

low dimensionality, and their potential use in the interconnects and

functional blocks that are used for fabricating nanoscale devices [160-166J.

Manganese oxides have found wide applications as catalysts and electrode

materials [167-170]. Very recently, several groups reported the synthesis of

nanoparticles of manganese oxides, characterization, variety of applications,

and their dispersion into a polymeric matrix. Some of them are cited below:

Tokeer Ahmad et al. [171] introduced nanorods of manganese oxalate as a

single source precursor to different manganese oxide nanoparticles.

Nanorods of anhydrous manganese oxalate were prepared by the reverse-

micellar method using CTAB as the surfactant. This precursor was then used

to synthesize single phase nanoparticles of various manganese oxides such

as MnO, Mn20, and Mn,04 under specific reaction conditions. Both :MuO

64



Introduction

(28 nm) and a-rv1n203 (50 nm) were stabilized as cubic phase. a-Mn20)

showed a weak antiferromagnetic tmnsition (TN = 80 K), while the spinel

Mn304 (I 00 nm) particles showed a ferrimagnetic transition at 43 K.

A low temperature synthesis of Mn304 nanoparticles using manganese

sulfate and hydrogen peroxide as staring materials was studied by Jin Mu et

al [172]. They established a solution method for preparing Mn304
nanoparticles at 45° C using starch as capping agent. The distinct advantage

of their method was avoiding the agglomeration of particles in high

temperature treatment.

Ning Wang et a!. [173] reported on the synthesis of high-quality tetragonal

Mn]04 nanoparticies and the large-scale assembly of the nanoparticies into a

wall-like pattern by using a mild solution method at 60° C without any post

treatment modification. This made free spatial arrangement possible. they

have also investigated the magnetic properties of the as-grown Mn]04

nanopattcrns by using the superconducting quantum interference device

(SQUID) system.

Procedures for the preparation of MnJ04 nanopalticles (about 20 run) or

elongated a-MnOOa particles with length less than 2 ~m and width 0.4 I-IJl1

or less were described by M. Ocana [174]. Forced hydrolysis of aqueous

manganese(H) acetate solutions was performed in the absence of HCl to

obtain Mn304 and in the presence of HCl to obtain a-MnOOH. These solids

were only produced under a very restrictive range of reagent concentrations

involving solutions of 0.2-0.4 mol dm"3 manganese (II) acetate for MnJ04

and of 1.6-2.0 mol dm..1 Mn(lI) and 0.2-0J mol dm'] HCl for a-MnOOH at

low temperature (80°C).
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Won Seok Seo ct al. [175] reported a simple, reliable synthesis of size-

focused colloidal nanoerystals of two different manganese oxides,Mn304

and MnO, from thermal decomposition of a single precursor manganese

acetylacetonate, Mn(aeach, in oleylamine. They also studied the size-

dependent magnetic properties of colloidal Mn304 and MnO nanoparticles.

A versatile, convenient, and nontoxic solvothermal method for the s)'TIthesis

of nanocrystalline iron, chromium, and manganese oxides was described by

Amanda L. Willis et aI. [l76J. This method employed the reactions of metal

acetylacetonate precursors and oxygen-containing solvents in a reaction to

prepare metal oxide nanoparticles. A convenient reaction for the preparation

of r-Fe20) was discovered and had been expanded to the preparation of r-

Fe20], Mn203, Mn304, and Cr203. Characterization of these nanocrystalline

materials was carried out employing transmission electron microscopy

(TEM), high-resolution TEM (HRTEM), X~ray diffraction (XRD), and

elemental analysis.

Weixin Zhang et aI. [177J prepared Mn)04 nanoparticles and MnOOH

nanorods through successfully controlling a solvothennal reaction. An

aqueous ethanol solution was used as the solvent and they found that the

ethanol volume percent in the solvent and reaction temperature had

important effects on the composition of the final products. Experiments

showed that single phase of Mn)04 nanoparticles can be prepared at higher

reaction temperature and higher volume percent of ethanol, while single

phase of MnOOH nanorods as single crystallites can be obtained at lower

reaction temperature and lower volume percent of ethanol.
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Z. W. Chen et al. [178] reported a simple and effective method for the

generation of bulk-quantity nanorods of manganese oxide, Mn304, under

surroundings of a suitable surfactant and alkaline solution. It was found that

the Mn]04 nanorod is smooth, straight, and that the geometrical shape is

structurally perfect, which is produced with lengths fyom several hundreds

nanometers to a few micrometers, and diameters range from 10 nm to 30

nm. The dripping speed of the NaOH solution was found to play an

important role in fonnation of bulk-quantity Mn304 nanorods. The

difference of dripping speed of the NaOH solution leaded to a large

difference of Mn304 morphologies, which was observed in the transmission

electron microscopy images.

Jenna et al. [179] prepared Mn]04 nanoparticles with a faceted structure by

mixing aqueous solutions of manganese nitrate and hexamethylenetetramine

from 20 to 80°C. Activation energy for the particle formation increases

from 0.5 to 0.8 kl/mol with nitrate concentration. They described

synchrotron in-situ time-resolved XRD experiments in which Mn304

nanoparticles were reduced to MnO and subsequently reoxidi=d in ramping

temperature conditions.

Nana Zhao et al. [180J reported a two-phase route to shape~ and size-

controlled Mn304 nanocrystals that are capped with organic ligands and

dissolved in a nonpolar solvent with excellent stability (at least a few

months). They found that using controlled variations in the reaction

conditions, the nanocrystals could be grown into either relatively

monodisperse spherical shapes or almost perfect cubes.
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Very recently (2008) Idalia Bilccka et al. [181] presented a broadly

applicable synthesis stmtcgy that enables the preparation of highly

crystalline metal oxide nanopartic1es such as CoO, ZnO, Fe304, MnO,

Mn304, and BaTi03 in just a few minutes by reacting metal alkoxides,

acetates or cetylacltonates with benzyl alcohol under microwave heating.

Weixin Zhang et al [182] synthesized manganese dioxide (~-Mn02)

nanorods by thermal decomposition of a template precursor of MnOOH,

which was obtained by hydrothermal treatment of KMn04 in an aqueous

ethanol solution. Through X-ray diffraction and electron microscopic

characterizations, the as-prepared ~-Mn02 nanorods were shown to be

phase-pure single crystallites with diameters of 30-400 run and lengths of

tens of micrometers. They demonstrated the catalytic efficiency of the as-

prepared one-dimensional ~-Mn02 nanorods as catalysts in the oxidation of

methylene blue dye in the presence of H202; the catalytic activity was found

to be much higher than that of commercial micro-sized ~-Mn02 powders.

M.L. Singla et a1. [183] prepared PANl/Mn304 composite to attain better

electrical properties than individual Polyaniline and Mn304 alone whereas,

re-doping with different inorganic and organic acids results in changes in

electrical and thermal properties. They have also reported the behaviour of

PANIIMn304 composites doped with perchloric acid, sulphuric acid, ortho-

phosphoric acid, acetic acid and acrylic acid for FTIR, TGA, XRD, electrical

conductivity and NTC behaviour [184]. In a very recent study [I85J, they

have characterized each composite sample for its behaviour toward %

relative humidity (%RR) so that the composite may act as a humidity sensor.
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Yi-Fan Han et aL [186] developed a new heterogeneous Fenton-like system

consisting of nano-composite MnJ04/SBA-15 catalyst for the complete

oxidation of low concentration ethanol by H202 in aqueous solution. A novel

preparation method had been developed to synthesize Nanoparticlcs of

Mn)04 by thermolysis of manganese (II) acetylacetonate on SBA-IS. They

found that the reaction rate for ethanol oxidation can be strongly affected by

several factors, including reaction temperature, pH value, catalyst/solution

ratio and concentration of ethanol.

In this study, attempt will be made to prepare manganese oxide

nanoparticles having definite size and regular shape. This can be achieved

by establishing a solution method at the low temperature of 80° C

introducing starch as capping agent. The distinct advantage of this method is

that it avoids the aggregation of particles in high temperature treatment, it

needs only very simple equipment and the process is very facile, and it is a

"green" process because no organic agent except the biodegradable starch is

used.

Industrial dyestuffs constitute one of the largest groups of organic

compounds that cause increasing environmental concerns and their

degradation has, therefore, attracted much attention [187-189]. Although

traditional physical techniques, such as adsorption on activated carhon and

coagulation by chemical agents are generally efficient, they simply transfer

organic compounds from water to another phase, and thus cause secondary

pollution. The stability of modern dyes has made ineffective their biological

decoloration and degradation. Advanced oxidation processes (AOPs) have

emerged during the last decade as a viable strategy to degrade dyes in
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aqueous media [190]. AOPs were based on the generation of vel)' reactive

species, such as hydroxy radicals ("OR) that oxidize a broad range of

pollutants quickly and non selectively.

Methylene blue (NIB) is a prototype of dyestuffs, which is particularly

resistant to biodegradation [187, 191]. Although there have been numerous

reports of photocatalytic :ME degradation over the Ti02-based

photocatalysts, most of the studies were performed under UV light

irradiation [191, 192]. Recently, Zhao et a1. [193J reported that some dyes

could be degraded under visible light irradiation on Ti02 by a ~elf-

photosensitized process, but Mil is excluded. Up to now, only a few studies

have been reported on ME dye degradation under visible light irradiation

[193, 194]. Furthennore, the catalytic efficiency is limited by the light

absorption characteristics of the Ti02-hased photocatalysts. In this research

work., the obtained Mn304 nanoparticles are planned to be investigated for

their catalytic activities in the oxidation of some organic dyes, especially

MB.

For the viable technological applications, synthesis of nanoparticles having

uniform size and high surface area is of key importance as the electrical,

optical, and magnetic properties of these particles arc strongly depend on

their dimension and effective surface area. Incorporation of nanoparticles

into the porous polymeric matrix would facilitate the fonnation of regular

dimension and greater surface area of the nanoparticles. In this work,

catalytically important manganese oxide is planned to be incorporated into

polyaniline (PAN!) to develop a new matrix having interesting physico-

chemical, electrical and surface properties. In doing so, it may be possible:
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i) to establish a facile chemical and/or electrochemical route for the

preparation of the catalytically active manganese oxide

nanoparticles.

ii) to investigate the catalytic efficiency of the nanoparticles thus

prepared for the dye degradation

iii) to establish a technique for the dispersion of manganese oxide

nanoparticles into the polymeric matrix

iv) to examine the chemical, electrochemical and electrical

functionality of the polymer-metal oxide nano-system thus

fabricated.

v) to use the nanomatrix for electrode modification and catalytic

process.
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Expenmental

2.1 Materials and Probes

2.J.I Chemicals

Thc chemicals and reagents uscd in this work are listed below. These

were analytical grade and used without further purification except aniline

which was distilled twice prior to use. Doubly distilled water was used as

solvent to prepare most of the solution oflhis work.

(i) Manganese acetate [M:crck,lndia]

(ii) Starch [Merck, India]

(iii) Aniline [E. Merck, Germany]

(iv) Ammonium peroxydisulfate [Merck, India]

(v) Potassium pcrmanganate [Merck, India]

(vi) Potassium dichromate [Merck, India]

(vii) Sulfuric acid [Merck, India]

(viii) Hydrochloric acid (32%) [E. Merck, Gennany]

(ix) Sodiwn hydroxide [E. Merck, Germany]

(x) Sodium chloride [Uni-chem, China)

(xi) Methylene blue [E. Merck, Germany]

(xii) Procion red [E. Merck, Germany]

2.1.2 Instruments

Analysis of the samples performed in this work employed the following

devices:

(i) Infrared spectrophotometer lIR-470, Shimadzu, Japan]

(ii) UV-visiblc spectrophotometer [UY-1601 PC, Shimadzu, Japan]

(iii) Scanning electron microscope r Philips XL30, Holland]
(iv) X-raydiffractometer [Philips, Expert Pro, Holland]
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(v) pH meter LJ-Iamla,pH 209, India]

(vi) Conductivity meter [WPA, Cambridge, UK]

(vii) Centrifuge machine (Henllle, 2200 A, Germany]

(viii) Sonicator [Model 50 T, VWR Scientific, USA]

Ox) Digital balance, [FR-200, Japan]

(x) Furnace [DK, Chino, England]

(xi) Microburette [China]

(xii) Potcntiostat / Galvanostat! Coulombmeter l BARF 501, Bokuto

Denko, Japan]

2.2 Preparation ofMn304 Nanoparticles

Mn304 are usually prepared by heating manganese(II) salts or other

mangane~e oxide~ and hydroxides at about 700 'C and about 1000 'C,

repeetively [1-3]. However, all these methods yield, in general, particles

with irregular shape and broad size distribution. Nanopartic1es of MnJ04

have recently been obtained from different precursors such as manganese

aeetylaeetonate ]4), and manganese(II) acetate [5]. This work describes

procedures for the low temperature (80 "C) preparation of MnJ04

nanopartielcs by forced hydrolysis of manganese acetate, Mn(OOCCHJh

aqueous solution using starch as capping agent. In brief, the procedure is

as follows:

Manganese acetate and soluble starch were commercially available and

used without further purification. Double-distilled water was used as

solvent. At first, saturated solution of soluble starch (0.16 wt%) was

prepared in a 500 mL beaker. Calculated amount of manganese acetate

crystal was dissolved in that saturated starch solution to prepare 500 mL

0.2 M solution with the help of a volumetric flask. After bcing shaken for
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a while, the flask was placed in an oven preheated to 80 "C for 2 hours.

The brown dispersions thus oblained were then taken out followed by

aging for 12 hours at room temperature. The reaction mixture was

concentrated with a rotary evaporator and extracted with ethanol to obtain

brown precipitate. Finally, the precipitate was washed scveral times with

ethanol and dricd at 40 "C to gel brown loosen powder. The dried product

was then stored in a desiccator.

Same procedure was followed to carry oul three preparations of such

solid MnJ04 nanoparticles and yields of Mn]04 ,were found to be 252

mgL.1, 265 mgL'1, and 233 mgL-I. So, the average yield of Mn]04 was
250 mgL.1.

2.3 Preparation of Polyanilinc (PANI)

PANI was prepared by a chemical method at room temperature, 30 "C

(:1:2")following the proeedurc described elsewhere [6-8J. In this study

polyaniline was synthesized by using potassiwn dichromate, K2Cr207, as

an oxidant. 10 mL of distilled aniline. 20.0 mL of concentrated sulfuric

acid (H2S04) and 10.0 g K1Cr207were added to double distilled water

maintaining the total volume of the mixture 400 mL. The reaction

mixture was turned into deep blue polymeric sediment instantaneously.

However, the content was left ovemight for completion of
polymerization.

The deep blue sediment was then filtered and treated with 0.8 M H2S04
and continued washing with acid until the supernatant shows a pH value

2.30. The content was then left overnight in 0.8 M H2S04 solution. The

PANI substmtc thus treated was then dried in air followed by vacuum
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drying. The dried mass was ground and then sieved using 100 mesh

sieves and stored in a vacuum desiccator.

2.4 Dispersion of MnJ04 into PANI

The method for the dispersion of Mn30. into PANI employed the

following procedure. 500 mL aqueous culloidai suspensiun of MnJ04 was

prepared as described in section 2.2 and used for PANI-MnJ04 matrix

preparation. This nano suspension was then added to the deep blue

sediment uf Pi\NI (as prepared as described in section 2.3). The

dispersion system was further stirred for a while and then allowed to

settle for overnight. The reaction mixture was then centrifuged for 30

minutes and then resulting deep blue sediment was redispersed in duuble

distilled water. The eentrifugation-redispersion cycle was repeated thrice

in order to remove completely the excess manganese oxide particles from

the PANI-MnJ04 matrix.

2.5 Polymerization of Aniline Using Mn304 Nanopartieles

200 mL aqueous solution was prepared by dissolving 1.0 mL of distilled

aniline and 5.0 mt 5.0 N sulruric acid. 100 mL suspensiun uf starch

capped Mn304 nanoparticles were added to this solution. Immediately on

additiun of nanupartic1es, the soiutiun turned into biue colur. The reaction

mixture was then left uvernight fm eumpiction uf polymerization. The

pulyaniline thus ubtained was then centrifuged and redispersed in double

distilled water. The eentrifugation-redispersiun cycle was repeated thrice

in order to remove starch completely from the polymer. Finally, the

polymer substrates were dried in air initially and then in oven at 40T for

three hours and stored in a vacuum desiccator.
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2.6 Decolorization of Dye Using Mn304 Nanoparticles

2.6.1 Decolorization of Methylene Blue

Stock methylene blue solution was prepared by dissolving 0.036g solid

methylene blue to 500 mL double distilled water. In this way, 2.0 x 10.4

M l\.1Bsolution was prepared which was used as stock methylene blue

solution.

(i) Various concentrations of MB studied for declorizution: 0.5 x 10.5

M, La x 10-5 M, 1.5 x 10-5 M, 2.0 X 10-5 M, 2.5 x 10'~ M, 3 x 1O.j M

methylene blue soilltions were prepared by diluting 2.5 mL, 5.0 mL, 7,5

mL, 10.0 mL, 12.5 mL, and 15.0 mLrespectively of stock solution to 100

mL with double distilled water. 1.0 mL sulfiJric acid and 5.0 mL

suspension of Mn30~ nanoparliclcs were added to 5.0 mL of each of these

MH coneenlrations. After 1.0 minute, absorbance of each of the reaction

mixtures was taken. Typical UV-VisibJe speclral feature of MB is

presented in Fig. 2,6.1.

(ii) Influence of amount of MnJOJ nanoparticles on MB deciorization:

To investigate the effeet of amount of l\1n304 nanoparticJe~ on MB

degradation, 3 x 10-5M methylene blue solution was'prepared by diluting

15.0 mL of stock solution to 100 mL with double distilled water. To 5.0

mL of thi~ MB and 1.0 mL of H2S04 different amount of MnJ04

nanoparticles suspen~ions, 1.0 mL, 1.5 mL, 2.0 mL, 2.5 mL, 3.0 mL, 5.0

mL, and 7.0 mL were added.
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Fig. 2.6.1: Spectrum of an aquEous2 x I0-5 M solution of MB at pH 6.86

(iii) Influence of acid concentration on MB declorization: Influence of

concentration of sulfuri(; acid on MB degradation was studied using

various concentrations of H2S04, keeping the amount of nanoparticlcs

and the concentration of i\1B fixed. In brief the procedure is as follows:

68.4 mL of concentrated H2S04 was poured into a 250 mL volumetric

t1ask containing distilled water. The flask was shaken carefully and total

volume was maintained to 250.0 by adding distilled water to give a 5.0 M

H2S04 solution. 0.05 M, 0.25 M, 0.5 M, 1.0M, 1.5M, 2.5 M, 3.5 M acid

solutions were preparcd by diluting 1.0 mL, 5.0 mL, 10.0 mL, 20.0 mL,

30.0 mL, 50.0 mL, and 70.0 mL respectivdy of 10,0 N solution to 100

mL with double distilled water. 1.0 mL of each of these acid solutions
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were added to 3 x 10-5 M methylene blue solution and 5.0 mL

suspensions of MnJ04 nanoparticles. Immedialely after 1.0 minute, UV-

Visible absorption spectrum was taken for each solution and absorbance
was recorded,

(iv) MB declorizatirm as a functiOIl of time: The performance of Mn
J
04

nanoparticles on the degradalion of MT3was monitored as a function of

time. Thc catalytic reaction was carried out in a 100 mL glass t1ask,

which contained 50 mt of3 x 10"5M melhylene blue soilltion a11d10 mL

of 2.5 M sulfuric acid. After adding 50 mL suspensions of starch capped

Mn}04 nanoparticlcs, the mixture was allowed to react at room

temperaturc. For optical absorption measurements, approximately I mL

of the mixture solution was taken out into the UV quartz cell for a given

time interval: 1 minute, 2 minutes, 3 minute~, 5 minutes, 7 minutes, 10

minutes, 20 minutes, 30 minutes, I hour, 2 hours, 3 hours, 6 hours, 12

hours, 24 hours.

(v) MB declorization in absence of fight: The efficiency of MnJ04

naooparticles 00 the degradalion of MB was investigated in absence of

light. -Thereaction was carried out in a 250 mL stopper bottle containing

50 mL of3 x 10-' M methylene blue solution and 10 mL of2.5 M sulfuric

acid. The bottle was well covered with carbon paper so that Iighl could

not pass through it. 50 mL of Mn304 nanoparticles suspension were then

added to this the mixture and the stopper bottle was placed in dark place

at room temperalure. After 24 hours the colorless clean solution was

taken out to measure the absorption spectra.
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2.6.2 Decior;zatioll of Procioll Red

D~gradation of another kxtilc dye, procion red (PR), by MnJO<j

m,noparticles was also studied. PR solution was prepared by dissolving

0.0615 g solid PR to give 50 mL solution using double distilled water. In

this way, 2.0 x 10-3M PR ~olutionwas prepared which was used as stock

PR solution. 2.0 x 10-4 M PR solution was prepared by diluting 10 mL of

stock solution to .100 mL with double distilled water. The degradation

was earried out in a 250 mL beaker containing 50 mL of 3 x 10.4 M

procion red solution and 20 mL of 2.5 M sulfuric acid. 100 mL of

nanoparticles suspension were then added to this mixture allowed to react

completely at room temperaturc. As soon as MnJ04 was added, the color

of the mixture turned from blue to gray rapidly, Thc solution was thcn left

overnight to obtain completely colorless clear solution. This solution was

u~ed to measure thc absorption spectra. Typical UV-Visible spectral

feature ofPR is presented in Fig. 2.0.2.
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Fig. 2.6.2: Spectrum of an aqueous 2.0 x 10-4 M solution ofPR at pH 4.56

2.6.3 Decolorization of Industrial Effluent

The colored industrial effluent was collected from "Young One", Dhaka

Export Processing Zone, Dhaka, B:mgladesh, and successfully

decolorized with the help of prepared Mnj04 nanoparticles. 100 mL of

the effluent was taken into a beaker, 2 mL of 2.5 M sulfuric acid was

added to it followed by adding 10 mL nanoparticles suspension. The

effluent was immediately turned its eolot"and the effluent spectrum was
recorded.
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2.7 Sensitivity on Different IJathogenic Organisms

To test the sensitivity of the prepared Mn304 nanoparticles on some

pathogenic organisms the following procedure was employed. Some

bacteria such as Vibrio cho/erae, Shigella "p, Salmonella sp., and

Escherichi coli were grown somehow on a Petridis. 20 ilL of the MnJ04

nanoparticles suspension was then absorbed into a circular soaking paper

and placed into that dish. As a reference antibiotic ciprofloxaein soaked

paper was also kept into that dish. The arrangements were kept for

overnight and zone of inhibition for the nanopartic1es and antibiotic were
measured.

2.8 Spectral Analysis

1.8.1 Infrared Spectra

IR spectra of all the dried samples MoJ04, PANI and PANl/MnJ04 were

recorded on an IR spectrometer in the region of 4000 _ 400 cm.l. LR

spectra of the solid samples were frequently obtained by mixing and

grinding a small amount of materials with dry and pure KBr crystals.

Thorough mixing and grinding were done ill a mortar by a pestle. The

powdered mixture was then compressed in a metal holder under a

pressure of 8-10 tollSto make a pellet. The pellet was then placed in the

path of IR beam for measurements.

1.8.1 Ultraviolel- Visible Spectra

The Ultraviolet-Visible (UV-Vis.) spectral analysis of the sample

solutions employed a double beam spectrophotometer. UV-Vis

spectroscopic analysis for the chametcrization and degradation studies
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involved the DMF and aqueous solution respectively. The references in
these cases were the corresponding solvents that used for preparing the

solutions. The amount of dye degraded by MnJ04 nanopartieles was
determined spectroscopically in the visible region.

2.8.3 X-ray diffraction

Manganese oxide, Mn]04, was analyzed for their X-ray diffraction

pattem in the powder state. For this purpose, the samples were prepared
as the procedure described in section 2.2. The powder samples were

pressed in a square aluminum sample holder (40 mm x 40 mm) with a 1

mm deep rectangular hole (20 nun x 15 mm) and pressed against an

optical smooth glass plate. The upper surface of the sample was labeled

in the plane with its sample holder. The sample holder was then placed in
the diffractometer.

2.8.4 Energy Dispersive X-ray (EDX) Spectra

Elemental analysis of the synthesized MnJ04 nanoparticles was

performed by EDX spectra. The dried powders or MnJ04 and MnJ04-

polymerized PAN] were dispersed on a 1 em x 1 em conducting steel

plate. The still plates were then placed on a conducting carbon glued strip

and a very thin gold layer was sputtered on the sample to ensure the

conductivily of the sample surface. The sample was then placed in the

main SEM chamber integrated with the EDX machine.

2.9 Surface Morphology

The dried powder of MnJ04 nanoparticles, PANI and PANIIMnJ04

composite samples were dispersed on a 1 em x I em conducting steel

97



EXperimental

plate. MnJ04 nanoparticles and PANI matrices thus prepared and treated

(following the methods described in section 2.2, 2.3, 2.4 and 2,5) were

examined for their surface morphology. For this purpose, scanning

dectron microscope was adopted. The dried powders of tJlesc samples

were dispersed on a conducting carbon glued strip. The sample-loaded

strip was then mounted to a chamber that evacuated to _ 10-3 to 10-4torr

and then a very thin gold layer (- few nanometers thick) were sputtered

on the sample to ensure the conductivity of the sample surface. The

sample was then placed in the main SEM chamber to view its surface,

nle system was computer interfaced and thus provides recording of the

surface images in the computer file for its usc as hurd copy.

2.10 d. c. Conductivity

The study of dectrical conductivity of the solid samples of Mn]04

nanoparticles, PANI and PANI! MnJ04 composite, at room temperature

was carried out by a conventional two point-probe method [6, 7). For this

purpose, the dried and powdered solids were compressed mechunically in

a transpurcnt plastic tube as illustrated in Fig. 2,9.1. A few centimeters

long plastic tube having diameter 0,186 em was taken for lauding the

solids in it. One end of the tube was tightly closed with a copper (Cu)

wire having the same diameter as that of the tube. Th!: sample was then

pushed gradually inside the tube and compressed mechanically from the

other end of the tube by another pieee of same wire. Eventually the mass

become tightly compressed having a very rigid structure that on funhcr

pressing did not change the length of the compressed muss. In this

position, the other end of tube was made closed by the similar wire. The

two Cli wires at the two ends pressed tightly in such a way that ensures an

adequate contact between the sample and the wires, The wire poles were

98



Exper/lnental

used for electrical cOlllactto get the voltage drop between the two ends of

the sample under investigation, An auto ranging microvolt was employed

for the conductivity measurements. This equipment allows reading

directly the resistance of the sample. Thus, knowing the observed

resistance, tbe specific conductance of each studied sample was

caleulated out by using tIle standard relation mentioned in chapter 1. The

measurement was conducted all'lboratory temperature (_ 30°C).

Microvolt

o 0 0 0

eu wire
d~O.186

Sampl eu wire
d=O.l86

Fig. 2.9.1: The construction for the measurement of the two
point-probe conductivity.

2.11 Cyclic Voltammogram

Thc cyclic voltammogram of methylene blue bcfore and after degradation

was examined. 50 mL of MB 6 x 10-' M solution was acidified with 10

m1. 2.5 M sulfuric acid and total volume is diluted to 100 mL solution of

6" 10"' M MB with double distilled water, A cell consists ofPt working
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electrode was allowed to sweep between the potential -0.2 and +0.5 Vat

a scan rate of 100 mV sec.l. This proecss was pcrformed in a single

compartment threc-eleetrode cell under ambient atmosphere (Fig. 2.10.1).

After degrading this MB solution with 50 mL Mn,04 nanoparticles, again

a CV was taken sweeping the same potential window and scan speed.

Potentiostat
[] 0 0 0 0

RE

WE

CE

- ------~"--,'~
, '- --' /-"--._----

Fig. 2.10.1: Three electrode system for Cyclic Voltammogram (CV)
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Re,""lls and Discussion

Manganese oxides are important materials in many applications, such as

in catalyst, electrode, sensor, and magnetic materials [1-6]. Among them,

Mn304 is known to be a good candidate as an active catalyst for the

deCZlmpositionof waste gases [7], as a corrosion-inhibiting pigment [8,

9], and as an intercalation compound [IOJ. Recognizing that

dimensionality and ratio of surface area to volume are crucial factors in

determining the properties of the nanomaterials, such as surface activity

and catalytic efficiency, our interest was the preparation of nano-state

particles of MnJ04. Our focus was also to stabili£e the nano-statc Mn304
in solution media preventing them from agglomeration.

One of the most used mcthods for the preparation of particles with

controlled particle size and shape is the forced hydrolysis of metal

cations. It has been amply reported that the morphology of the so-

precipitated particles is strongly influenced by the nature of the anions

present in solution [11]. In some cases, they are inCZlrporatedinto the

solid phase; in others, they end up adsorbed on the particle surface and

can be further eliminated by washing [11]. In the later case, the effects of

the anions have been mainly attributed to the formation of soluble

complexes which act as precursors to the solid-phase formation [11].

Preparations of Mn304 nanoparticles or elongated a-MnOOH particles by

forced hydrolysis of aqueous Mn(OOCCH3)2 solutions were reported

under certain experimental conditions and no precipitation could be

detected when Mn(OOCH3)2was substituted by otherMn(II) salts (nitrate,

sulfate, chloride) and keeping constant the other experimental parameters,

indicating that although the acetate anions are not incorporated to the

solid phase, their presence is essential for particle formation [12J. Similar
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behavior has been reported for the precipitation of small CO]04 cubes

from coba1t(II) acetate aqueou~ solutions [13].

Manganese(I1) acetate, Mn(00CCH,)2, precursor is not as common as

manganese sulfate or manganese halides for thc synthesis of manganese

oxide nanoparticles, despitc it is widely available eommcrcially and is

inexpensive. In this report it has been demonstrated that tht;:aging of 0.4

mol dm.] aqueous Mn(00CCHJ)2 solutions at 80 "C for 2 h yielded

equiaxial particles with a mean diameter of 17 nrn as reported by M.

Ocana [J 2]. It was found that if heating time was increased up to 6 hand

12 h, howcver, more heterogeneous dispersion consisting of bigger,

aggregatcd and fused particles were obtained. But, the nanosystem thus

obtained, however, led to sedimentation producing bigger particles within

6 h to 12 h through agglomeration. To prevent the agglomcration of

mmoparticles in the solution system, starch was employed as capping

agcnt. The whole method nceded only vcry simple cquipment and the

process was very facilc, and it was a "green" process because no organic

agcnt except thc biodecomposible starch was used.

3.2 Characterization of Mn304 Nanoparticles

Uniform Mn304 nanoparticles were prepared at temperature, 80 T, based

on the forced hydrolysis of aqueous manganese(lI) acetate solution using

starch as a capping agent. The MnJ04 nanoparticles wcre then extracted

with ethanol to obtain brown precipitate and dried to get powder form.

The solid was characteri;,:ed in terms of their particles size and

morphology (by SEM), chemical compo~ition (by IR and EDX),

crystalline structure (by X-ray), and electrical conductivity (by d. c.

conductance mcasurement).
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3.2.1 EDX Spectral Analysis

Elemental analysis of the as prepared solid Mn,04 has been performed by

employing Energy Dispersion X-ray (EDX) method. For this purpose, the

sample used was that employed for SEM analysis which has been

described in section 2.8. from elemental analysis it is possible to

investigate all the elements contained in MnJ04 nanopartic1es. The

patterns of the EDX spectra arc presented in Fig. 3.2.I(a) - 3.2.1(b). The

peaks observed at 5.90 and 0.64 keY were for K and L lines respectively

of the manganese clement; at 0.52 keV for K lines of the oxygen element

and at 2.12 for M lines of the gold element (as reference). The

percentages of Mn and °were determined from the intensity of the lines

and the results are summarized further in Table 3.2.1.

Table 3.2.1: Elemental composition of as prepared manganese oxide

Location of Manganese Oxygen (%) Tentative Chemical

sample (%) formula formula

1 (full frame) 71.85 28.15 Mn,04

2 (full frame) 71.18 28.82 Mn304
MnJ04

On spot # 1 71.89 28.11 ' Mn]04

On spot # 2 72.10 27.90 Mn,04

Thus from the chemical composition obtained from the EDX spectra, it

can be concluded that the prepared manganese oxide is Mn304 and no

other phases are present.
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Fig. 3.2.1: Elementul analysis of MnJO~nllJlopartieles al swnple

(lI) localion 1 and (b) location 2.
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3.2.2 lnfrured Spectral Analysis

IR spectral analysis studies provide some useful qualitative information

on the identification of compounds. Both organic and inorganic

substances absorb IR light and thus IR active. In order to get some insight

about the structure of the synthesized solid substance, IR spectra of

manganese oxide sample is presented in Fig. 3.2.2.

IR spectrum or as-synthesized Mn)04 nanoparticles displayed three main

bands: 632.6, 528.5 and 405.0 em-I in the region 1000-400 cm-\ identical

to those reported for the same solid [14). In the region from 650 to 500

cm.l of the observed spectrum, two absorption bands were observed at

632.6 and 528.5 em.l. These bands may be associated with the coupling

modes between the Mn-O stretching modes of tetrahedral and octahedral

sites [15]' The only band in the region 500 to 400 cm-] was observed at

405.0 em.l. This band is assigned as the band stretching mode of the

octahedral sites; displacement of the Mn2+ ions in tetrahedral sites is

negligible [15]. Thus, the FTIR spectra further confirm that the

nanoparticles analyzed is :tvlnJ04.

Similar results have been found by M. Ocana [12]. He observed the bands
for same oxide at 633,527 and 415 em-l after heat treatment at 800°C.

They also reported that these three peaks indicated the chemical formula

of corresponding manganese oxide was Mn)04. W. Zhang and co-

workers [16J also found the peaks at 631, 529 and 416 em-I for MnJ04
nanoerystallites due to Mn-O vibrations. In the present experiment, it can

be concluded that the chemical formula of manganese oxide thus obtained
is MnJ04. However, the weak absorptions at about 1364 and 1734 em']

suggest that the particles may also contain a very small amount of

absorbed acetate [17].
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Fig. 3.2.2: lR spectrum ofMn,04 nanoparticle.

3.2.3 X-Ray Diffraction

The X-ray tcelmique is one of thc powerful tools for structural analysis of

solids. This can provide information on the intermolecular arrangement,

i,e" the level of cI)'stallinity oflhe solids. The solid manganese oxide was

examined for its structural analysis in the powdered state by using wide
angle X-ray diffraction. The scattering pattern as a function of Bragg

angle, 26 at A= 1.54 A for the studied samples powder are presented in

Fig. 3.2.3.

The XRD paltern of these nanoparticles (Fig. 3.2.3) was consistent with

that of Mn304 (hausmannite) [18]. All diffraction peaks can be perfectly

indexed to the tetragonal hausmannite structure (space group: 141/amd)

with strong ring patterns due to (10)), (103), (211), (220), (224), and

"7



Results and Discuss;on

(400) planes. The Mn]04 lattice constanL~obtained by refinement of the

XRD data of the nanowires arc a=b=5.7630 A and c=9.4560 A, which arc

consistent with standard values for bulk Mn304 [18], although the peaks

werc widened as a result of the small-sizc effects of thc nanoparticles. No

characteristic peaks of impurities, such as other forms of manganese
oxides, were detected.

Crystallite size was calculated by fitting the synchrotfC!nXRD results

using the Scherrer equation, d = 0.941'1 I (B cos OB), where "I is the

wavelength, B is the full width at half-maximum (FWHM) of the peak,

and 8B is the Bragg angle. The crystallite sizes measured from the four

peaks (112), (103), (211), and (224) werc averaged to obtain the Mn]04
crystallite size and found to be 10.0nm.

Fig. 3.2.3: XRD pattern OfJvln]04 nanopartic1es.
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3.2.4 Scanning Electron Microscopy

To get more clear insight about thc surface morphology scanning clectron
microscopic (SEM) analysis was employed. SEM is known to the best

choice because of its potential in precise analysis of a solid surface.

Chemical composition and morphological structure of a material strongly

depends on the mode of synthesis conditions such as temperature, pH,

concentration of reactant and products, electrochemical paramctcrs
etcetera. Thus, there is a variety of morphology of a material could be

possible. In the present work, Mn304was prepared from aqueou5 50lution
of manganesc acetate precursor at 80T extending the heating time up to

2 h, 6 h and 12 h. Effect of stareh, as capping agent, on crystal growth of

nanopartic1e5 was also attempted to prevent thcir agglomeration in

solution media. The5e four Mn304 samples thus obtained were layered
over steel plate for its SEM analysis. All the images (Fig. 3,2.4 a-c)

display well-dispersed nanoparticles, however, with different

morphologics and varying uniformity.

Figure 3.2.4 (a) shows the SEM image of the ,Mn)04 synthesized as

described before (section 2.6) maintaining the heating time 2 h. From this

image, it can be seen that particles exhibit very uniform and well-

dispersed morphology with granular shape.

Figure 3.2.4 (b) shows the SEM image of the Mn304 sample obtained
after 6 h reaction time. Here, the particles are ob5erved to grow as the

reaction time is increased. Particles gct fused together and less uniformed

at this stage.

SEM analysis (Fig. 3.2.4 c) of the Mn]04 obtained after 12 h reaction

time at 80 T reveals that the particles are much agglomerated at this
stage and least uniformed. The granular particles get clustered together to

give a coarse surface.
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FIg.3.2.4: SEMmicrographs ofMn30'1 prepared by heating 004 M

aqueous manganese acetate solution at 80 T for (a) 2 hours

(b) 6 hours and (e) 12 hours
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From this study ofMn)04 nanoparticles synthesized at 80T for different

reaction times ranging from 2 to 12 h, it can be concluded that the particle

size and irregularity in morphology increase with an increase in reaction

time due to agglomeration of particles in solution media.

The average particle size distribution measured from SEM may be in

higher range (10 nm to ]00 nm) than the crystallite size measured from

XRD. This is expected as the XRD measurements represent a weighted

mean of the actual crystallite size. Albeit, the particles wcre found to be

highly crystalline according to the X-ray diffraction studies but from the

SEM images a thin amorphous layer surrounding each particle was

observed. This observation is also in agreement with the previous reports

[191.

3.2.5 d. c. Conductivity

The conductivity of studied oxide has been measured by employing

conventional two-point probc mcthod. The length and diameter of the

sample was 0.3 cm and 0.186 cm respectively.

The measured conductivity of as preparcd mangancse oxide nanoparticles

was 4.60 x 10.HScm-1and thc corresponding resistivity was 21.74 x ]06 n
em. Thc result thus shows that although the Mn304 is crystalline, its

electrical conductivity is less than that of semiconductors or metals.

However, its crystalline nature could be very important tor its use in

technological applications like optoelectronic and eleetrochromic display

devices,
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3.3 Characterization of PANI

3.3.1 Ultraviolet-Visible Spectra

UV-Vis spectrum of PANT sample rccorded in DMF solutions at room

lemperature is givcn in Fig. 3.3.1.

"'
0.'

" "'I
" 0.'<

" ,
0.' ". .00 '00 00" '"0

Wavelength (nm)

Fig. 3.3.1: UV-Vis. spectrum of PANI as prcpared using K2Cr207.

The absorption spectra (Fig. 3.3.1) of PANI sample shows peaks at 307

nm and a shoulder at ca. 663 nm. The result is similar to the studies

reported for PANI by previous workers [20, 21] and suggests that the

peak observed at 307 nm corresponds to thc intcrband 1t - n* (valence

band to conduction band) transition while the other transition observed at

around 663 nm may be responsible for PANI conductivity by forming

polaron and bipolaron as mid-gap state. Similar phenomenon has also
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been observed with other conducting polymers such as polypyrrole [22-

24]' In fact, polaron state is a radical cation, i.e. contains one electron

whereas bipolaron is a dkation, i.e. clectronlcss. At low doping level,

polaron formation takes while at highly doped slates, bipolaron formation

predominates. However, because of the greater stability, a bipolaron is
favored over polaron.

3.3.2 Infrared Spectral Analysis

Almost all compounds, particularly organic substances, absorb in the IR

region. Allhough the IR spectrum is characteristic of the entire molecule,

it is true that certain groups of atoms give rise to bonds at or near the

same frequency regardless of the structure of the rest of the molecule. In

order to get some insight about the structure of the synthesized matrices,
IR spectral analysi~was performed and the results are described below:

Figure 3.3.2 shows the IR spectra of PANI synthesized chemically using

potassium dichromate, K2Cr207, as an oxidant. It is worthwhile to

mention here that the observed IR spectra are consistent with the previous
sludies [25, 26] and discussed below according to the frequency region:

(a) 3500-3100 em-I

This is the N-H stretching region. The absorption of PANI in this region

is rather weak. The main absorption peaks are located at 3380 and 3310
em-I,with shoulders at 3460 and 3170 em-I.

(b) 3]00- 2800 em-I

This is the C-H stretching region. The absorption of PANI in this region

is even weaker, but it is observable at 3050 - 3030'and 2960 -2850 em-I.'
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(e) 1600-1450em-I

Aromatic ring breathing, N-H deformation and C=N stretching all give

absorption in this region. In general, the N-H deformation band is very

weak. A 1,4- substituted benzene ring may give absorption band at 1600-

1580 and 1510-1480 em-I. However, the former is very weak and even

observable if the two substituents are the same and the latter is strong in

the IR in this range. Therefore, it is reasonable to assign the band at 1484

cm-l mainly to benzoid ring (B) stretching in PANI. Based on the

following arguments, we consider the 1591 cm-l band as a characteristic

band of nitrogen quinone (Q).

1-- - ---
2314

,------ .-.... --_.- "-"--~---j--- ------------,--

__I 1- .
,

..-L~
I

i I.!~ .. ..f ....
i ' I': - _ I 823.5

____-. II". _'__,.:;/ __.. 1010_8 _850,5,
11483_2 1164,glop8_5665.3

----------i- ---------

0.0

4000_0 3000,0 2000.0 15000 1000.0 500,0
1/em

Fig. 3.3.2: IR spectrum ofP ANI as prepared using K2Cr20J.
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(d) 1400-1240 em-I

This is the C-N stretching region for aromatic amincs. The intrinsic PANI

shows three peaks: medium absorption at 1240 cm-l and weak ones at

1380 and 1240 em-I. The blind at 1160 and 1140 was referred a.'j

"electronic like band" and was considered as a mea.'jurc of the degree of

delocalization of electrons on PANI and thus are the characteristic peaks

of PANI conductivity [14]. The band at 1160 and 1140 cm"1 be

assigned separately: 1160 em"! to intrinsic structure and 1140 cm"1 to the

doped (acid treated) structure. The 1140 em"! band is a vibrational mode

" .,
of B-NH-Q or B- NH- B which is formed in doping reaction~. This may

be attributed to the existence of the positive charge and the distribution of

the dihedral angle between the B and Q rings [27].

(e) 1220-500cm-!

This is the region of in-plane and out-of-plane bending of C-H bonds on

aromatic rings. The main absorption band~ for intrinsic PANI are located

at 1160 and 830 em-I and some weak bands can be observed. It is easy to

judge the substitution pattern on the benzene ring from the frequencies of

these peaks. For example, 1220, 1105, 1010 and 830 em"! stands tor 1,4-

substitution, 1115, 1060, 960, 895 and 850 em-I for 1, 2, 4-substitution

and 740 and 690 em-I for 1,2- or mono-substitution.

Peaks at 1069 and 613 em"! are abo observed in the spectra of the PANI

film and correspond to the presence orS04"2 ions, which were used as an

electrolytic anion in the film [28, 29].

A summary or tentative assignments of the IR spectra of intrinsic PANI

are presented in Table 3,2.2.
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Table 3.2.2: Tentative assignment of the IR spectra of PANI sample.

Frequency Assignment *
(em-I)

35903710 pre~enee of 1-120

3221-3436 NH, asym. str.

2850-3050 C H str.

1577 sir.ofN Q N

1483 str. ofN B N

1321 C N slr. in QBeO, QBB, BBQ

1165 a mode ofN Q N

1069

1010 C-H ip on 1,4-ring

824

1069

886 C-H ip on 1.2,4-ring

851

831 CHop on 1,2,4 ring

* Abbreviations: asym = asymmetric, sym = ~ymmetric, str = stretching,

ip = in-plane bending, op = out-of-plane bending, Q = quinoid unit, B =

benzoid unit, B1= trans benzoid unit, B,= cis benzoid unit.
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3.3.3 SCQ/mill!: Ef(c(rOl/ Microscopy

Figure 3.3.3 shows the SEM image of PANI. It can be seen that soil likc

morphology is appeared for PAN!. Surfac( seems to be compact with

spongy likc soil depmit. Th( present observation is in good agreement

with the p~vious work [301.

Fig. 3.3.3: SEM micrograph of PANI prepared by K2CrIO,.

3.3 .• d. c. Condllc(iIoJly

d. c. conducti\'it)' measurement of the sample PANI was performed hy

employing conventional two point-probe method. The vacuum dried

sample was compresscd to II rigid mass and stored in vacuum dcsiccato~

till the conductance measurement commenced.

lbe obserwd eonductivily of rANI was measured to be:3.12 x 10-6 S cm.l.

The conductivity of PANI is usunll)' in the order of 10-6 to 10 S em.l,

"'
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depending somewhat on the polymerization and protonation conditions

[31]. Thus, the obscrved conductivity or thc prescnt PANI samplc

prepared chemically from H2S04medium seems to he consistent with thc

early report suggesting that less harmful K2Cr207 could be an effectivc

oxidant in preparing the PAN!.

3.4 Characterization of Mn304 Dispersed PANI

Incorporation of micron or submicron sized particles of transition metal

oxides in to the whole of polymer matrix of conjugated polymcrs

(polypyrrole, polythiophene, and polyaniline) created mctal

oxide/polymer composites having incrcased conductivity with special

catalytic properties [32-35J. :MnJ04 dispcrsed PANI was prepared

chemically. The PANUMn304 has been characterizcd by following
techniques

3.4.1 Ultraviolet-Visible Spectra

UV- Vis spectra of PANTIMnJ04 sample recorded in DMF solutions at

room temperature are given in Fig. 3.3.1.

The PANIIMn304 sample (Fig. 3.4.1), shows peaks at 309 nm and a weak

shoulder at ea. 663 nm. The peak observed at 309 nm corresponds to the

interband 1t - 1t* (valence band to conduction band) transition while the
other transition observcd in the spectra at around 663 nm may bc
responsible for l'ANT conductivity by forming polaron and bipolaron as

mid-gap state. The peaks are same as that of shown in Fig. 3.3.l.This due

\0 thc manganese oxide particles have no effect on UV-vis spertum of

PANI in PANI/MnJ04 and/or MnJ04 particles arc sediment when taking
UV spectrum.
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Fig. 3.4.1: UV-Visible spectrum ofP ANi/Mn304 matrix.

3.4.2 Infrared Spectral Analysis

Figure 3.4.2 shows the JR spectrum of Mn304dispersed PANI. By

comparing with the individual speetra of PANI with that ofl'ANIIMn]04

matrix, three bands at 526.5, 474.5 and 410 cm-] were found for the

sample. These three observed bands may be compared with the

characteristic bands of Mn-O stretching modes. From this obtained result

it may be concluded that the prepared PANI matrix contains MnJ04

nanoparticles. The chamcteristics band of MnJ04 at 630-635 cm'] (Fig.

3.2.2) is not observed in the spe"irum of Mn304 dispersed PANI due to

the overlapmg with the band ofPANi at 598 cm'!.
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Fig. 3.4.2: IR spectrum ofPANI/Mn]04 matrix.

3.4.3 Scanning Electron Microscopy

Figure 3.4.3 (a, b) show that there is a large difference between the

surface morphology of the PANI film and thc PANI film containing

Mn,04 nanoparticles (PANIiMn:J04 film). PANI surface has been

changed due lo the dispersion of oxide particles. The PANliMn:J04 film

appears to show a number of coral-like polymer net consisting of twisted

polymer deposit. From the image it seems that Mn:J04 nanoparticles arc

distributed randomly in PANI matrix.
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Fig. 3.4.3: SFM images of (a) a PANI film and (b) a PANIIMn30~ film'

3.4.4 X-Ray Diffraction

MnJ04 nanoparticles dispersed PANI was analyzed by X-n!y diffraction

technique ",,'hichis shown in Fig. 3.4.4. It can be seen from the result that

the sample show only diffuse X-ray scattering i,e. the exhibited scattering

pattern consists of amorphous peaks. This observation clearly indicates

that Mn30~ has no influence on the structure even it incorporated tu the

matriJ,. It is also due to the large weight fraction of the amorphous

polymer matrix, the amorphous cuntribution dominated scattering

spectrum and it was nut possible to c1eur1ydiscern the metal oxide

eontrihution in the overall scattering of the matrix [36].

121



Results and Discussion

800

600
~

"".~400
""~

200

o
20 40

20 (degree)

60 80

Fig. 3.4.4: XRD pattern ofPANlfMn]O,matrix.

3.4.5 d. c. Conductivity

The conductivity ofPANIIMn]04 has been found to be 20.82" 10-6S cm.l.

The conductivity ofPANIIMn304 malri<.:esis 4 to 5 times higher than that

of PAN!. However, the increase conductivity of the PANIIMn304 matrix

secms to be reasonable, if one consider the crystalline nature of the

Mn304 particles. Thus, the presence OfJlAn]04itself may contribute to the

conductivity enhancement of the PANlfMn.304 matrix. Moreover, the

presence of Mn]O, colloidal particles in the synthesis may provide

surface for the aniline adsorption and finaI1ycause a massive production

of PANI and thus modifYing the rate of its production to yield a matrix

with different morphological and electric properties. The <.:hangein
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conductivity is also reported by the early workers [37-39] for surfactant

incorporated conducting polymers. The results of PANI and PANUMn304

indicate that the conductivity of the studied sample falls in the range of

semiconductor conductivity, thus may tind applications in optical and

electronic deviecs.

3.5 Applications of MU304Nanoparticles Tested

3.5. J Polymerization of Aniline

PANI was prepared successfully by usmg Mn304 nanoparticles.

Conventional chemical polymcrization of aniline requires strong oxidant

to polymerizc the aniline monomer. In the present study, aniline was

found to be polymerized in presence of nano Mn)04 without addition of

any oxidant. PANI thus obtained was green product similar to PANI

obtained by using oxidant The PANI film was then characterized by

employing IJV-Visible, Infrared spectroscopy, SEM technique and d. c.

conductivity measurements.

(i) Ultraviolet- Visible Spectra

UV-Vis spectrum of PANI sample as prepared using nanoparticles of

Mn)04 was recorded in DMF solutions at room temperature as given in

Fig. 3.5.1

A peak at 307 nm and a weak shoulder at ca. 663 nm were observed. The

result is similar to the studies reported previously for the PANI prepared

using conventional oxidant as K2Cr207.
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Fig. 3.5.1: UV- Vis. spectrum of PANI prepared using Mn104

nanoparticles.

(ii) Infrared Spectral Analysis

Figure 3.5.2 shows the IR spectra orPANl synthesized chemically using

Mn,04 nanoparticles. It is worthwhile to mention here that the observed

IR spectra arc C(lnsistent with the previous spectrum (Fig. 3.3.2) obtained

for the PANI prepared using K2Cr20].
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Fig. 3.5.2: IR spectrum of PANI prepared using MnJ04 nanoparticles.

A summary of tentative assigmncnts of the IR spectra of the PANI

prepared using MnJ04 nanoparticles arc presented in Table 3.5.1.

IR spectrum of as-synthesized PANI usmg Mn304 nanopartieles

displayed three additional main bands at 617.2, 507.2 and 405.0 em,l in

the region 1000-400 em,l. These bands may be associated with the

coupling modes between the Mn-O stretching modes of tetrahedral and

octahedral sites [15]. Thus, the FTIR spectra suggest that there would be

some manganese oxide nanoparticlcs in the polymer matrix.
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Table 3.5.1: Tentative assignment afthe IR spectra of nanoparticles

assisted PANI sample.

Frequency (em" ) Assignment*

3300-3490 NH1asym. ,tr.
2829 C-H slr.

1545,1560 str. ofN Q N

1490 str.ofN BN

1306 C N str. in QBeQ, Q13B, RBQ

1165 a mode ofN Q N

1069

1010 C-H ip on l,4-ring

824

1069

881 C-H ip on l,2,4-ring

851

818 CHop on l,2,4-ring

~ Abbreviations: asym = asymmetric, sym = symmetric, sir = stretching,

ip = in-plane bending, op = out-or-plane bending, Q = quinoid unit, 8 =

benwid unit, B,= trans henwid unit, Be= cis benzoid unit.

(iii) Scanning Electron Microscopy

Figure 3.5.3 (a, b) ~how the SEM image orPANI prepared by employing

:MnJ04 nanoparticles and by a conventional method using KlCr20]

oxidant, respectively. It ean be seen that there is notable differences

between the surface morphology of the PANI matrices. Compared to the
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spongy soil like morphology of PANI, a layer-hy-Iayer lump morphology

is observed. The PANI deposit thus produced seems to be more compact

with sharp edges.

Fig. 3.5.3: SEM micrograph of PANI prepared (a) using Mn,04 nanoparticles

and (b) using K2Cr,07.

(iv) d. c. Conductivity

d. c. conductivity measurement of the sample PANI was performed by

employing conventional two point-probe method. The ob&erved

conductivity ofl'ANI as prepared using nanopartielcs was measured to be

4.59 x 10-6S cm-l whereas the conductivity of PANI as prepared using

K2Crl07 was 3.72 x 10-<\S em-I. So, it can be seen thai the conductivity of

PANI increases ifit is prepared using nanoparticles. It might be due!o the

change in the morphological nature of the PANI. In addition, during

formation of the polymer some manganese oxide could be incorporated in

the PANI and thus modify the surface morpholology of the PANI.
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3.5.2 Decolorization of Methylene Blue (MB)

3.5.2.1 Optimization of MB decolorization

The performance of Mn)04 nanoparticlcs on the decolorization of MB

dye has been studied in the presence of sulfuric acid. Effect of MB

concentration, amount of nanoparticles, influence of acid concentration,

and function of time on l\1J3degradation were also investigated to suggest

an optimtun condition. UV-Vis absorption spectra ofMS solutions were

measured in all the cases.

(ij Various concentrations of MB studied for decolorization: 0.5 x

\0-5 M, 1.0 X to-5M, 1.5 x to.l M, 2.0 X 10-5M, 2.5 x 10.5 M, 3 X 10-5M

methylene blue solutions were prepared and used to observe the effect of

MB concentration on its removal by Mn)04 nanopartic1es at low pH. 5

mL of each concentration MB, 5 mL of nano Mn,04 suspension and 1

mL H2S04 were mixed together and after 1.0 min, absorbance of each of

the reaction mixtures was taken. Figure 3.5.4 ~hows the UV-Vis

absorption spectra ofunlreated 3 x 10" M MB solution and the spectra of

every concentration~ after 1 min of the reaction.

128

••



Result,- and Discu.,sion

soo700600
0.0

500

1.5

Unlreated Mf:\

3.0xlO-' M

1.0 2.5xlO-s M

" 2.0xlO-5 M

~ 1.5xlO.sM
0
00~ 1.OxlO-'M~

0.5 O.5xlO-s M

Wavelength (nm)

Fig. 3.5.4: UV-Vis. spectrum ofuntrealed 3 x 10-5M MB and various

concentration ofMB after treatment with MnJ04

nanoparticles_

(ii) Influence of amount of MnJ04 nanoparticLes on MB

decolorization: To investigate the effect of amount of Mn304

nanoparticles on MB decolorization, different amount of MnJ04

nanoparticles suspensions (250 mgL-l), viz., 1.0 mL. 1.5 mL, 2.0 mL, 2.5

mL, 3_0mL, 5.0 mL, and 7.0 mL, were added to a fixed amount (5.0 mL

of3 x 10-5 M) of methylene blue ~olution and allowed to react for I min.

It was found that 5.0 mL nanoparticles suspension was enough for

complete decolorization of that amount of MS. UV-Vis absorption

speetra(Fig. 3.5.5) ofMB solutions were measured in every case.
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Fig. 3.5.5: UV-Vis. spectrum on x 10-:; M MB after treatment with

various amount ofMnJ04 nanoparticles.

(iii) Influence of acid concentration on MB decolorization: Influence

of concentration of'sulfuric acid on MB degradation was studied using

0.05 M, 0.25 M, 0.5 M, 1.0M, 1.5M, 25 M, 35 M H2S04 acid solutions,

5 mL of 250 mgL"] nanopartic1es suspension and 5 mL of 3 x 10-5M

MS. Figure 3.5.6 shows the UV-Vis spectrum ofMS after treatment with

nanopartieles indicating the effect of concentration of MB degradation. It

was clearly observed from this investigation that presence of J mL 2.5 N

acid is enough to satisfactorily remove 5 mL dye by adding 5 mL

nanopartic1cswithin 1min.
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Fig. 3.5.6: UV-Vis. spectrum of 3 x 10-5M MI3 aftcr treatment with

MnJ04 in prescnce of various concentration of H2S04.

(iv) MB decolorization as afunction oftirne: The efficiency ofMn)04

nanoparticlcs on the decolorization of MB was monitored as a function of

time. Pigurc 3.5.7 shows the UV-Vis spectra of the nanoparticles treated

MB for a given time interval: I minute. 2 minutes, 3 minutes, 5 minutes,

7 minutes, 10 minutes, 20 minutes, 30 minutes, 1 hour, 2 hours, 3 hours,

6 hours, 12 huurs, 24 hours. The color orthe mixture turned from blue to

light violet and then gray quickly. Within the first minute after treatment,

the 664 run MB peak lessened sharply. With the further elapse of reaction

time, the drop of the MB peaks carried on but much more slowly.

Moreover, the original absorption maximum at 664 nm shifted to 618,

615, 612 and 610 nm after reaction for I, 3, 5 and 7 minutes, respectively.
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The blue shifts of the absorption band indicates the catalytic degradation

ofMB similar to that reported by W. Zhang et al [40], Hidaka et aL [41]

and Watanabc ct al. [42]. Within 30 min, the band at 610 nm became very

broad and weak and no obvious new band was observed, suggesting

nearly complete degradation ofMB.

SOD600 700
Wavelengtb (nm)

0.0
SOD

u 664 nm
o min

t 1 min
3 mill
5 min

" '.0 614 11m 7 min"" 10 min
~ t 15 min0
2 20 min
< 30 min

0.5 60 min
24 hrs

Fig. 3.5.7: UV- Vis. absorption spectra of the (MB+MnJ04+H2S04)

solution as a function oftimc.

"lbe MnJ04 nanoerystal has been systematically studied on the

degradation of MB under controlled conditions. By monitoring the MB

absorption peak at 664 nm, we obtained results shown in Fig. 3.5.8. Now

the degree of decolorization is expressed as (10- IJllo, where 10 is the

absorption at t = 0 and 1/ is the absorption at a givcn reaction time, I.



Result,< and Discussion

Remarkably, the use of MnJ04 nanopartieles as a degrading agent

allowed the degree of decoloration to reach approximately 80% within

only I min.
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Fig. 3.5.8: Time profile ofMB degradation: MB+Nanopartieles+H2S04•

(v) MB decolorization in absence of light: The activity of Mn]04

nanoparticles on the degradation of MB was investigated in abscncc of

light It was found that the nanoparticles can decolorize the ME dye even

in the dark. Figurc 3.5.9 shows thc UV-Vis absorption spectra of MB

before and after decolorization.
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Fig. 3.5.9: tN-Vis absorptionspectraof (a) 3 x 10.5MME before addition,

(b) (MB+MnJ04+HZS04)afterdecolorizationin absenceoflight.

3.5.2.2 Investigation of Decolorization by Cyclic Voltammetry

The decolorization of MB solution by nanoparticles in presence of

sulfuric acid was also investigated by Cyclic Vollammetry. In Fig:

3.5.l0(a), the CV shows the electrochemical behavior of the MB in

H2S04 solution. For this case, a cell consists ofPt working electrode was

allowed to swcep between the potential -0.2 and +0.5 V at a scan rate of

100 mV sec.l. The result clearly shows that the MB solution can be

switched bctwecn its oxidized and reduced states. It can be seen from the

CV that, it is composed or a well-defined single redox proccss: anodic
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process at ca. +0.26 V and the cathodic one at ca. 0.21 V, suggesting the

characteristic oxidation and reduction of MB under the electrochemical

conditions employed. However, in the CV of MB solution after

nanoparticles treatment given in Fig. 3.5.10(b), no characteristic peak of

MB was observed. This modification of the voltammogram may arise as

the MB degraded ofMB by thc Mn]04 nanoparticles.

I 0.2 rnA cm-2

./
/

\

-0.2 0.2

Electrode potential! V

o 5

Fig. 3.5.10 (a): CV for 3 x 10.>M MB in 0.5 N H2S04solution.
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I 0.2 rnA em-2

-0.2 00 0.2 0.5

Electrode potential! V

Fig. 3.5.10 (b): CV of the mixture 0[50 mL 3><10-5 M MB+50 mL

Mn304 taken afier decolorization.
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3.5.3 Declorization of Procion Red

Degradation of another textile dye,' procion red (PR), by MnJ04

nanoparticlcs was also investigated. It was observed that the prepared

nanoparticlcs can also successfully decolorize the dye, PR, within very

short period of time. As MnJ04 was added to the acidic solution of PR,

the reddish color of the mixture turned from blue to gray rapidly. Figure

3.5.10 represents the UV-Vis spectra of PR before reaction and that of

PR+MnJ04+J-hS04 solution aftcr complete decolorization.

2.0

(,)
1.5

""""~ 1.0"0
"~
<

0.5
(b)

0.0
300 400 500 600 700

Wavelength (nm)

Fig. 3.5.10: UV-Vis absorptionspectraof (a) 2 x iO-4M PRbefore addition

and (b) (PR+MnJ04+H2S04)aller decoloriz.ation.
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3.5.4 Decolorization of Industrial Effluent

The colored industrial effluent was collected from "Young One", Dhaka

Export Processing Zone, Dhaka, Bangladesh, and successfully

decolorized with the help of prepared MnJ04 nanoparticles. Only 10 mL

of Mn304 suspension (250 mgL.1) was found to be enough to decolorize

50 mL of that industrial effluent within 10 min. UV-Vis spectra of the

effluent before addition and that of effluenHMn304+HIS04 solution after

complete decolorization is represented in Fig. 3.5.11.

2.5

20

0
(oj

0 15
"••0
"~ 10<

0.5

0.0
300 400 500 600 700 800

Wavelength(nm)

Fig. 3.5.11: UV-Vis absorption spectra of (a) the effluent before addition and

(b) (effiuenl+MuJ04+H:!S04) aner decolorization.
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3.5.5 Sensitivity on Different Pathogenic OrganL~ms

Sensitivity of MnJO,! nanoparticles suspension (250 mgL-1) was tested on

various pathogenic organisms at t\vo different pH: 6.2 and 3.3. The tested

bacteria arc Vibrio cholerae (Fig. 3.5.12 a) causing cholera, Shigella sp

(Fig. 3.5.12 b) causing dysentery, Salmonella sp (Fig. 3.5.12 c) causing

diarrohea and enteric fever as typhoid, and Escherichia coli (Fig. 3.5.12

d) causing diarrhoea. Zone diameter of inhibition in millimeters were

measured compared to control ciprofloxacin antibiotic and found to be

moderately sensitive against those bacteria. 10-2 diluted suspension was

also tested against those bacteria but, however, found to be resistant. The

sensitivity pattern of the Mn)O,! nanopartic1es is represented in table

3.5.3.

139

-.c



Results Gild Discussion

Table 3.5.3: Sensitivity pattern of the MnJ04 nanopartides suspension on

different pathogenic organi~ms

pH of Bacterial Zone Diameter of inhibition in mm

suspenSlOn Diseases Neat Dilution Control

Suspension 10"2 (Ciprofloxacin)

Vibrio cholerae/
S* 16 R' S* (33)

cholera

Shigella ~pl
S* 14 R' S* (26)

6.2
dysentery

Salmonella ,pi
(samplc# I)

diarrohea md S* 15 R' S* (20)

typhoid

Escherichia colli
R' R' S* (32)

diarrhoea

Vibrio cholerae/
S* 16 R' S* (30)

cholera

Shigella spl
S* 14 R' S* (30)

3.3
dysentery

Salmonella ,pi
(sample # 2)

diarrohea "oct S* 13 R' S* (22)

typhoid

Escherichia coli!
S* 12 R' S* (30)

diarrhoea

• Sand R stand for Sensitive and Resistant respectively
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Fig. 3.5.12: Inhibition ofMn]04 nanopartic1es suspension against

(a) Vibrio cholerae (b) Shigella sp. (c) Salmonella sp.

and (d) Escherichia coli
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3.6 Conclusion

Uniform MnJ04 nanoparticles of about 10 nm crystallite size havc been

prepared by a simple chemical method using manganese(lI) acetate,

Mn(OOCCHJ)2, as precursor and starch as capping agent. 0.4 M aqueous

solulion of Mn(OOCCl-h)2 was aged at 80 °C for 2, 6, and 12 h to yield

the MnJ04 nanoparticles. Reaction time was observed to have a

significant effect on the uniformity and size of the resulting particles. The

most isotropic particles were obtained using a heating time of2 h, during

synthesis.

PANI was prepared chemically from aniline by using as an oxidant at

room temperature 3O:t20c. Thc electrical conductivity ofthc as prepared

PANI, 3.72 x 10-6Scm"!, is increased to 20.82 x 10-6Scm"!,when MnJ04

nanoparticles were incorporated into the whole of the polymer matrix.

Applications of the MnJ04 nanoparuclcs were tested to perform

polymerization, color removal of dyes and industrial effluent, and

sensitivity against different pathogenic orgallJsms. Instead of

conventional chemical polymerization of aniline using strong oxidant, in

this study, polymerization was carried out in the presence of MnJ04

nanoparticles without using any oxidant. The PANI deposit thus produced

was found to be more compact wilh sharp edges. The electrical

conductivity also increased from 3.72 x 10"6Scm"] (for PANI prepared by

K2Cr20,) to 20.82 x 10-6Scm'! (for nanoparticles assisted PANI). The

activily of the MnJ04 nanoparticles has been demonstrated for the

de\Xllorizationof an organic dye ME in presence of H2S04. The degree of

decolorization of Ml3 by MnJ04 nanoparticles reached more than 75%
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within I min. Correspondingly, the color of the mixture turned from blue

to grey quickly, even in the dark. The blue shifts of the absorption bands

for MB after the additkm of the Mn304 nanoparticles indicate the

catalytic degradation of MH. It was also observed that the MnJ04

nanoparticlcs can successfully dccolorize another textile dye, PRo As

Mn304 was added to the solution of PR in acidic media, the deep reddish

color turned to light pink and then grey within 30 minutes. Mn30. can

also effectively deeolorize industrial effluent within few minutes. Only 10

mL of Mn304 nanosuspension (250 mgL-l) was found to be adequate for

decolorizing 50 mL of that collected effluent sample. Scnsitivity of the

Mn304 nanopartielcs suspension (250 mgL"l) was tested on various

pathogenic organisms, such as Vibrio cholerae, Shigella sp., Salmonella

sp., and Escherichi coli. Zone diameter of inhibition were measured

compared to control ciprofloxacin antibiotic and found to be modcrately

sensitive against those bacteria, responsible for cholera, dysentery,

typhoid, and diarrhoea diseases.
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