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Cellulose, the most abundant

biopolymer on earth, a polysac- .

charide consisting of a linear
chain of several hundred to over
ten thousanda ( 1 ainked D-
glucose units. Two glucose mole-

cules react to form a cellobiose fiber (cotton), wood fibers
which is the basic chemical unit (hardwoods and softwoods),
of a cellulose molecule Cellulosebast fibers (flax, hemp, jute,

H

(Acetobacter xylinum) [1]. Annual
production of cellulose in nature is
estimated to be 101161012 tin

can be derived from a variety of ramie), grasses (bagasse, bam two forms, partially in a pure form,

sources such as woods, plants boo), algae (Valonica ventri-
and animals. These include seedcosa), and bacteria

for example seed hairs of the cot-
ton plant, but mostly as hemicellu-
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India is one of the fastest growing TVM chapter's flag flew atop in

markets for polymers with con-
sumptions exceeding fifteen mil-
lion tons in 2013. India has a
vibrant manufacturing and pro-

MACRGFAPS 2013 in terms of

participation and that its mem- =
bers bagged one of the best pa-#
per awards. We could organize

cessing industry, in large, mediumseminar by the inventor of CNT,
and small sectors. The need for a Prof. Sumio lijima. This year too

Society like society of Polymer

many of the society members

Science (India) (SPSI) to promote won laurels in their fields of

the advancement of the science

specialization. Of special refer-

and technology of polymers in the ence is that its vice president

country and to provide a forum
for the practitioners to meet peri-

Dr.A. Ajayaghosh received man
national and international recog-

odically and exchange informationnitions during this year. It is

on the contemporary develop-
ments in the area is self explana-

tory. The SPSI Trivandrum chap-

ter established in 1995 with its
national headquarters located at
Pune, has done its best to meet
these objectives. The Society is
registered as a norprofit entity
whose activities include organiz-
ing local technical events on a
regular basis for the benefit of
their members. It is in the fore-

sdront of all national events related

to polymers. This year, the SPSI

gratifying that during the current
year too, research activities in
frontier areas of smart, conduct-
ing, photovoltaic, optical and
biomedical polymers proliferatec
significantly in this region. As the
general public is still skeptical
about the oOopol)
is high time we focused on seri-
ous research activities in areas
of green and ecdriendly poly-
mers too.

The tenure of the present Execu
tive Committee is coming to an

0)
i

end. The two years of presiden-
cy was a nice experience for
me. | thank all members who
strived hard to make SPSI TVM
Chapter one of the most vi-
brant scientific societies in the
country. | request the mem-
bers to extend similar ce
operation to the new commit-
tee as well so that the efforts
put forward by the founders of
the Chapter be fulfilled and the
vision of the Society be carried
forward.

| wish all the SPSI members a
fruitful year 2014. 6
(Dr. C.P Reghunadhan Nair
Group Director, PSCG, VSSC,
Trivandrum and President,

SPSI Thiruvananthapuram
Chapter)
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CellulosB as e d

loses in cell wall of woody plants
[2]. The multiple hydroxyl groups
on the glucose from one chain
form hydrogen bonds with oxygen
atoms on the same or on a neigh-
bor chain, holding the chains firm-
ly together sideby-side and form-
ing microfibrils with high tensile
strength.
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tain one primary hydroxyl group
and two secondary hydroxyl
groups. During modification, func-
tional groups may be attached to
these hydroxyl groups. Methods
widely used to improve the prop-
erties include: (i) Densification (ii)
Etherification (iii) Esterification
(iv) Cross linking and (v) Graft
copolymerization.
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Cellulose being rigid, highly
crystalline, and insoluble in com-
mon organic solvents is an ideal
structural engineering material.
However, poor mechanical
strength, lack of physical stability
and microbial contamination act
as a barrier to perform desired
applications. To overcome such
drawbacks, the controlled physi-
cal and /or chemical modification
of the cellulose structure is neces-
sary. Chemical modification can
be used to vary certain properties
of cellulose such as its hydrophilic
or hydrophobic character, water
sorbency, elasticity, adsorptive or
ion exchange capability, re-
sistance to microbiological attack
and thermal resistance[3]. Thea-
D-glucopyranose units which
make up the cellulose chain con-

Among these, graft copolymeriza:
tion (GC) technique offers an at-
tractive and versatile means of
imparting a variety of functional
groups to a polymer. GC is a pro-
cess in which side chain grafts
are covalently attached to a main
chain of a polymer backbone to
form branched copolymer. Poly-
mer materials with valuable prop-
erties can be achieved via GC by
changing the parameters such as
the polymer type, the degree of
polymerization and the polydis-
persities of the main chain and
the side chains, the graft density
and the distribution of the grafts.

Also the graft copolymerization

reaction onto cellulosic material
offer advantages such as chemi-
cal resistance, radiation stability
and lowcost of production over

Copol ymer s

éé(cont
conventional ion exchange
method. The graft copolymeriza-
tion reaction in the cellulose
can be done by employing vari-
ous polymer reaction mecha-
nisms such as Free radical
polymerization, lonic and ring
opening polymerization and
living radical polymerization.
Compared to the three polymer-
ization techniques explained,
free radical polymerization pro-
cess proved to be more effec-
tive and useful in its simple
mechanism and cost effective
methodologies involved. Free
Radical polymerization is a
chain reaction process, consist-
ing of mainly three steps: initia-
tion, propagation and termina-
tion. Various methodologies
including high energy radiation,
photochemical and chemical
initiation techniques have been
used to activate or initiate the
backbone cellulose polymer [4].
Free radicals are formed on the
cellulose molecules either by
decomposition of a chemical
initiator, ultraviolet (UV) light or
high energy radiation.

Environmental and Biomedical
Applications

The recovery of uranium from
natural sea water and industry
wastewater is a challenging
problem for chemists because
uranium is one of the important
resources to secure energy.
Moreover based on the funda-
mental principles of radioactive
waste management, uranium
waste minimization should be
done in an effective manner.
Hence adsorption/recovery of
uranium is important in terms
of purification, environment,
and radioactive waste disposal
purpose [5].

Interpenetrating Polymer
Network (IPN) hydrogels are one
of the most promising types of
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drophilic polymeric networks
being used for various applica-
tions. IPNs are the association of
two or more independent poly-
mer networks which uses both
natural and synthetic polymers.
A novel IPN, poly(methacrylic
acid)grafted- cellulose/

bentonite (PMAAJ-Cell/Bent)

was prepared and its efficiency
in removing U(VI) was tested by
batch adsorption technique [6].
Homogenous graft ce
polymerization of the MAA onto
the Cellulose backbone was
carried out using K25208 as a
radical initiator and MBA as a
crosslinking agent. The adsor-
bent was characterized by FTIR,
SEMEDS, and XRD analyses.
The adsorption conditions for the
adsorbent were optimized by
varying several experimental
parameters such as pH, contact
time, and initial sorbate concen-
tration of the solution. Repeated
adsorptiondesorption study
showed that PMAAJ-Cell/Bent
IPN can be effectively used as an
adsorbent for the removal and
recovery of U(VI) from aqueous
solutions.

Cellulose has two distinct
regions, the crystalline zone and
the amorphous zone. Chemical
reactions generally do not take
place on the crystalline region of
cellulose, while the incorporation
of a densifying agent on cellu-
lose should affect the crystalline
structure making it suitable for
activation reaction and makes it
possible to take the advantage
of high porosity, hydrophilicity,
chemical modifiability, regular
spherical shape, particle size,
high density and mechanical
strength [7]. Over 70 million
people in Bengaladesh and in
other regions of Indian subconti-
nent are routinely exposed to
Arsenic poisoning through drink-

Contd. in Page 3
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ceramic and high quality lenses.
The accidental release of thorium
from industries may increase its
amount in the environment. Long
term exposure to thorium increas
es the chances of developing

ing of ground water. Arsenic
poison through ground water
also observed in Mongolia in
China and Japan. Toxicity of
arsenic is in two ways: (i) inacti
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Proposed reaction mechanism for the preparation of TMPGZDC

vation of pyruvate dehydrogen- ;¢ giseases and lung, pancreas
ase by complexation with arse-

nic whereby generation of ATP
is prevented (ii) phosphoryla-
tion reaction replaced by arsen
olysis. Due to their high toxicity
and to the widespread of their
emissions, arsenic and its com-
pounds are strictly controlled by
environmental regulations all
over the world. An Amino Func
tionalized Poly
(Glycidylmethacrylatefsraftedd
Titanium Dioxide Densified
Cellulose (EAMPGDC) was 2

prepared for the Adsorptive %

Removal of Arsenic(V) from HOS O

Agqueous Solutions [8]. Thorium °W
(Th(1V)), the most abundant AoV SAREMNCE

heavy metal, has been widely ~ Proposed reaction mechanism
used in nuclear fuel industry, ~ for the preparation of P(MA#&o-
catalysis, high temperature VSAR-MNCC

and bone cancers. The recovery
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absorbent composite poly
(methacrylicacidco-vinyl sulfonic
acid)grafted magnetite nanocel-
lulose composite (P(MARO-VSA)
g-MNCC) was prepared for the
selective separation of Hemoglo-
bin (Hb) from mixture of proteins
[10]. The investigation shows the
stabilized performance of the P
(MAAco-VSAZ-MNCC in several
cycles for the selective recovery
of Hb from mixture of proteins.

thorium for solving energy crisis
and its effective removal to pro-
tect our environment are need-
ed, which is a challenging prob-
lem for chemists. A novel adsor-
bent, tanninrmodified poly
(glycidylmethacrylateprafted
zirconium oxide densified cellu-
lose (TMPGZDC) was prepared
for the recovery/removal of both
BSA and Th(lV) from aqueous
solutions [9]. The selective sepa
ration of biomolecules such as
proteins from mixtures is a chal- [1]. Nevell TP &Zeronian SH Cellu-
lenging problem faced in biotech |o5e chemistry and its applica-

nological and biomedical fields. ons. Ellis Horwood. Chichester
To date, various methods have vk 1985.

been developed for the separa- [2]. Klemm D, Phillip B, Heinze T,
tion of proteins, including ultra  Hgainze U & Wagenknetch W Com-
filtration, electrophoretic separa- prehensive cellulose chemistry,
tion, liquid chromatography, ad- 5 2. Wiley, Weinheim, 1998.
sorption, and membrane chroma [3]. Khalil EMA & EWakil NA
tography. Among these, adsorp- (2000) Infrared absorption spec-
tion'is conIS|der.ed to be an .effec- tra of cyanoethylated cellulose

tive technique in the selective  fihers, Cellulose Chem Technol
separation of proteins. Graft co- 34-4735479.

polymerization can be used for [4]. Bhattacharya, A & Misra, B.

further improving mechanical N., Progress in Polymer Science,
strength, thermal stability and 59 2004. 767 -814.

hydrophilicity, and tailoring of [5]. Kilislioglu, A and Aras G.,
desired functionalities in the Applied Radiation and Isotopes
polymer which will helpinthe g8 2010, 2016 -20109.

targeted extraction of proteins [6]. Anirudhan, T S., Tharun, A R.,
from mixtures. The encapsulatior Rijith S, & Suchithra, P S., Jour-

of magnetic nanomaterials like 5| of Applied Polymer Science
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matrix will increase the biocom- [7]. Debashish R, Mona S
patibility, colloidal stability, the  j3mes T. G & Sébastien P.

surface to volume ratio and Chem. Soc. Rev.. 38. 2009. 2046
makes the particles for use in 2064
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Plastronics through kaleidoscope
Dr. J. D. Sudha, NIIST, Thiruvananthapuram

Introduction

Plastronics also known as plastic
electronics deals with electrically
conductive polymers that repre-
sent an important class of func-
tional materials for the next gener-

electronics, allowing significant-
ly more diversified product. The
present article comprises a
brief description about
nanostructured conjugated
polymers/oligomers, and their
applications and finally an
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Figurel. Structure of common conducting polymers & scheme for
the chemical oxidative polymerisation

ation electronic and optical devic-
es. They promise to be the most
fascinating material due to their
mechanical flexibility, compatibil-
ity with flexible substrate, low cost
processing, lightweight and reel
toreel printing technology. Their
electronic and processing proper-
ties can be tuned by chemical
design and synthesis. Plastronics
place a crucial role in the design
and development of flexible
,cheaply and environmentally
friendly functional devices and
innovative products: energy gener-
ation, telecommunications; aero-
space, land transportation, stor-
age, processing and transmission
of information, healthcare, securi-
ty, sensors and so forth. The print-
able electronics has an innovative
platform supplementing and com-
plementing current silicorbased

overview of the market status.
Conducting polymers

Conducting polymers represent
an important class of functional
conjugated organic molecules
consisting of alternating single
and double bonds and can con-
duct electricity (Figurel). Re-
search on conducting polymer
flourished after the discovery of
polyacetylene which could be
oxidised with halogens to pro-
duce highly conducting materi-
als(1977). For this work, Alan J.
Heeger, Alan G. MacDiarmid,
and Hideki Shirakawa were
jointly awarded the Nobel Prize
in Chemistry in the year of
2000. They have traditionally
been synthesized via chemical
or electrochemical polymeriza-
tion. The overall process in-
cludes the oxidation of mono-

mers followed by the coupling
of the charged monomers to
produce the polymer chains
(Figure 1). Chemical polymeriz-
tion is advantageous for large
scale production at low cost,
while electrochemical polymeri-
zation offers the possibility of
in-situ formation. Oxidation
polymerizations with acid or
peroxide initiators result in insu-
lating materials that require a
post-doping process. In electro-
chemical polymerisation, they
can be grown electrochemically
in the absence of oxidizing
agents on an electrode. It is
possible to tailor the polymer
thickness by controlling the
applied potential, polymeriza-
tion time and electrolyte.

Conductivity of conjugated poly-
mers can be increased by the
process known as doping. Dop-
ing can be either oxidation or
reduction (Figure 2) to produce
p- and n-type semiconductors .
Conjugated polymers may pro-
duce polarons and bipolarons
on doping and the charged cati-
ons are not bound to each other

Polymer News

line can form different struc-
tures such as leuco emeraldine
( copper tint color), emeraldine
base ( blue color), pernigrani-
line( purple color) and emerald-
ine salt (green color) as shown
in the figure 2. Conductivity
can be tuned from electrically
insulative state to conductive
state or vice versa by treating
with acid or alkali as shown in
figure 2. During oxidation cati-
onic radical may form and is
termed as ptype semiconduc-
tor while on reduction it may
produce anionic radical which
is termed as ntype semicon-
ductor as shown in figure 2.
Conduction mechanisms in
such materials involves reso-
nance stabilization and delo-
calization ofQ -electrons along
entire polymer backbones, as
well as mobility gaps, tunnel-
ling and phononassisted hop-
ping.

Despite the exciting results
reported on these fascinating
new class of plastronics, fur-
ther progress was hindered by
its chemical instability and

r n -
- Emeraldibe
) J: j E 1, NpE j E l ﬂ./ Base ~[~< >—NH4< >—N"4< }—uﬂ% )_ﬁ+
= o Leucoemeraldine base
@ { copper tint color)
+2H Formation — — — —
{Doping)|| of bipolaron N, N N
H & H B _ A i} o
[Snelios oW rees o
N
S +Om OO
Internal mnn:l Formation Pengraniine base
reaction of polarons ( biue purple)
+ +
@/l’-@ <©/‘1@ H )R
£ A L Emeraldine salt
N H 5 (Green coler)
( Oxidation
Polymer + Dopant (Doped polymer)®+ + (Dopant)* p-type
Reduction
Polymer + Dopant (Doped polymer) + {Dopant)* n-type

Figure 2. Doping mechanism in conducting poymers(polyaniline)

and can freely travel along the
chain to form a polaron band
which is placed between the
valence band and the conduc-
tion band and can almost
merge with the band edges to
create true metallic /semicon-

intractability. Moreover, mo-
lecular weight, polydispersity,
purity and chainend function-
ality are the other factors that
highly influences on the mor-
phology, properties of polymers
and hence performance in

ductivity. Based on the extent of devices. Delicate synthetic

oxidation or reduction, polyani-

Contd. in Page 5
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control is therefore demanded
to ensure reproducibility be-
tween batches of materials as
device characteristics which
can vary greatly.

For these reasons, there is
strong justification to take the
oligomer approach that have
been some significant on re-
cent success. Another ap-

eé(contd.

that the nature of the side groups
and their position in the oligomer
chain

have great advantage for control-
ling the electronic and charge
transport properties . Three di-
mensional order in oligomers can
be achieved through judicious
regio-positioning and spacing of
these side groups, giving rise to

proach for tackling this problem unprecedented order in conjugat-
is by introducing sidegroups

ed oligomers through self

from Page
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Figure 3 Effect of solvent and substitution on the sedfissembly
process ing-conjugated oligomers . with its mage taken under
atomoc force microscope showing epitaxial arrangement of
aggregates

that facilitate solvent interac-
tions. Ajayaghosh et al ( Ref.1)

developed substituted oligothi-

assembly process. A review de-
scribing various modes of mo-
lecular selfassembly which

Ophene and demonstrated it as h9|p9d in the evolution and for-

an active material in photovol-
taics with excellent microwave

mation of variety of soft function-
al materials that can be used in

conductivity ( Figure 3). Solubi advanced plastronics was re-
ising groups were thought to be cently reported. ( Ref.2)

detrimental to charge transport A promising strategy for enhanc-

properties. It was also found

Figure 4. Formation of various shapes of micelles which will act as
template during formation of different shpes of conducting poly-
mers. Chemical structure of amphiphilic dopants

ing and controlling the property assembly process using am-

of conducting polymers is to con- phiphilic dopant developed from
fine them in nanometer regime. cashew nut shell liquid as soft
They are receiving much im- template have been reported
portance due to their uniqueness from our group. ( Ref.3) We have
and high performance arising studied the effect of functionality
from their nanosize, large sur-  of amphiphilic dopant in control-
face area and better dispersibil- ling the nucleation and growth
ity, electroactive surface area, mechanism during the formation
improved charge and mass of micro/ nanostructured polyani-
transport transfer properties line. Results manifested from
which significantly enhances various studies suggested that
their performance characteristics fibrillar morphology arises from

in various devices. Literature the heterogeneous nucleation
reveals that conducting polymers followed by an indefinite growth
with nanoscale morphologies mechanism whereas rodike
including tubes, wires and fibres structures were formed through
can be constructed by either self homo-nucleation followed by an
assembly cum template ap- anisotropic growth mechanism.
proach for the fabrication of elec- (Ref. 4) The behavior, function
tronic devices (Figure 4). Usually and efficiency these semiconduc-
templates based on liquid crys- tor films involve several factors:
tals or surfactants may be used HOM®@LUMO energy levels, crys-
which will form micelles of vari- tallinity, dimensionality, reorgani-
ous shapes such as spherical, zation, processability, functionali-
tubular, cylindrical etc. depend- ty, interactions at interfaces, di-
ing on the functionality of the rectional alignment etc..
surfactant molecule.(Figure 4)
Template can act as a nanoreac-
tor for controlling the size and
shape of the molecules formed.
Surfactant molecules of long
chain fatty acids are reported as
template which can play dual
function of structure directing
agent and dopant. Development
of nanostructured polyaniline
wires /strips though self

Applications of Plastronics

There are numerous applications
associated with these materials:
electrochromic devices, biosen-
sors, chemical sensors, energy
storage devices/batteries and
organic field effect transistors,
OLEDs , solar cells, printed dis-
plays, actuators and
EMl/electrostatic discharging
materials.

Contd. in Page 6
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materials. The factors that can
be modified by molecular de-
sign are (1) the affinity between

the receptor site and the target

Recent developments in infet -
micro-contact printing, and other
soft lithography techniques have
improved the potential of conju-
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Figure 5. Oligphenylevinylene based fluorescent gel coated paper

Gel coated
filter paper

rom Page 5)
could detect TNT in attogram
level with a detection limit of
0.23 ppg. Figure 5 shows the
chemical structure of OPV and
the formation of fluorescent
OPV gel paper strip coated pa-
per acting as a chemosensor

for the detection of TNT in atto-

gram level.
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strips based chemosensor for the sensing of TNT in attogram level(

Ajayaghosh et al.)

gated polymers for lowcost fabri-
cation of largearea integrated
devices on both rigid and flexible
substrates.

analyte (i.e. binding constant
and selectivity) and (2) the
transduction efficiency of the
binding event into an observa-
ble signal. In practice the sig-
nal can be optical
(fluorescence, absorption) or
electrical (redox, capacitance,
resistive) and the medium can
be molecular or a collective
material. Development of new
approaches for the rapid and
sensitive detection of explo-
sives such as 2,4,6
trinitrotoluene in subfemto
gram level is important in the
area of molecular sensors.

Sensors

Conducting polymers can exhibit
electronic, magnetic and optical
properties of metals and semicon-
ductors while retaining the attrac-
tive mechanical properties and
processing advantages of poly-
mers. These features, along with
chemical sensitivity, room temper-
ature operation and tunable
charge transport properties

have positioned them as a major
class of transducers, creating
powerful thin/thick film sensors
for over two decades.

®
®se

Chemosensors

Auelectrode PEDOT/Au AuAC/PEDOT/Au

The basic strategy for the design
of a chemosensor is to connect a
molecular recognition site
(receptor site) with a signaling unit
in such a way that these two func-
tional components communicate.
Chemical sensors effectively mim-
ic natural systems and can find
many applications in the detection
of pollutant and chemical warfare
agents as well as bioimaging. In
such a system, a binding event
between the receptor site and a
target analyte triggers a change in
the measurable properties of the

~~ EDOT
e Au atomic
cluster

Since these explosive materials
are of a major threat to home-
land security and public safety.
Fluorescencequenching tech-
nigue has been demonstrated
by Dr. Ajayaghosh et al using a
fluorescent gel coated on a
disposable paper strips which

Polymer News

trodes, conducting polymer
modified electrodes have been
widely used for the immobiliza-
tion of mediators. These elec-
trodes exhibited a good stabil-
ity and catalytic effects result-
ing from their three
dimensional mediator distribu-
tion. A variety of sensors have
been formulated using con-
ducting polymers in different

=\ o [

= 0357m0g

Figure 7.Schematic diagram showing how dimensional change
is happening during oxidised and reduced state in polypyrrole
based actuator.

Electrochemical sensor:

Electrochemical methods for
the estimation of analytes have
been greatly preferred during
recent years due to their sim-
plicity, accuracy, reproducibility,
specificity for various chemical
and biological species and are
adaptable to even small sample
volumes. The main drawback in
this approach is represented by
the high over potential needed
for analytes to undergo oxida-
tion at which many electro ac-
tive substances usually present

X 06
EIV (AgiAgCl)

Figure 6. Construction of electrochemical based on PEDOT modi-
fied gold electrode AUAC/PEDOT/Au electrochemical sensor for
the detection of catechol.

in real samples could also be
oxidised to interfere. One of the
most common ways to over-
come this problem has been
the use of modifiers which al-
lows the direct electron transfer
between its active site and the
electrode surface. Among the
various mediator modified elec-

transduction modes. The trans-
duction modes can be divided
into five main classes based
upon the operating principle
into conductometric, potenti-
ometric, amperometric, colori-
metric, and gravimetric modes.
There are many approaches for
increasing

the sensitivity/selectivity of
conducting polymers to ana-
lytes by the incorporation of
synthetic or natural receptors.
One such approach is the in-
corporation of metal nanoparti-
cles into the conducting poly-
mers. The porous structure of
conducting polymer allows
dispersing the metal nanoparti-
cles into the polymer matrix
and generates additional elec-
trocatalytic sites. Figure 6
shows the construction of elec-
trochemical based on PEDOT
modified gold electrode for the
detection of catechol.

Actuator

Electrochemically changing
oxidation state leads to the
addition or removal of charge
from the polymer backbone
and flux of ions to balance
charge . Figure 7 shows the
mechanism in actuator show-
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ing how dimensional change is
happening during oxidisesd
and reduced state in polypyr-
role. This ion flux, which can be
accompanied swelling or con-
traction of the material. Inser-
tion of ions between polymer
chains appears to be primarily
responsible for dimensional
changes, although conforma-
tional changes of the backbone
and solvent flux may also play i
role.

Solar cell

Photovoltaics (PV), the technol
ogy that directly converts day-
light into electricity. At pre-
sent, the active materials used
for the fabrication of solar cells
are mainly inorganic materials,
such as silicon , gallium
arsenide , cadmiumtelluride,
and cadmiumindium-selenide.
The large production costs for
these inorganic materials
based solar cells is one of the
major obstacles. Polymer solal
cells have attracted considera-
ble attention in the past few
years owing their potential for
providing environmentally safe
flexible, light weight , inexpen-
sive , efficient solar cells. Espe-
cially bulk-heterojunction solar
cells consisting of a mixture of
conjugated polymer with a
methanofullerne acceptor are
considered as promising ap-
proach. The interest in the
research on polymer solar cell
is evidenced from the increas-
ing number of publications ie
more than 2500 publications
by 2011 obtained from web of
science. In the last five years
there has been an enormous
increase in the understanding
and performance of polymer
fullerene bulk heterojunction
solar cells. Comprehensive
insights have been obtained in
crucial materials parameters in
terms of morphology, energy
levels, charge transport, and
electrode materials. To date,
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power conversion efficiencies
close to 3% are routinely ob-
tained and some laboratories
have reported power conversion
efficiencies of ~495 and now
aim at increasing the efficiency
to 8810%. By combining syn-
thesis, processing, and materi-
als science with device physics
and fabrication there is little
doubt that these appealing
levels of performance will be
achieved in the near future.

In general, for a successful
organic photovoltaic cell four
important processes have to be
optimized to obtain a high con-
version efficiency of solar ener-
gy into electrical energy. Sche-
matic diagram showing the four
process are given in Figure 10.
Absorption of lightcharge
transfer - separation of the op-
posite charges charge
transport- charge collection. For
an efficient collection of pho-
tons, the absorption spectrum
of the photoactive organic layer
should match the solar emis-
sion spectrum and the layer
should be sufficiently thick to
absorb all incident light. For an
efficient charge generation, it is
important that the charge
separated state is the thermo-
dynamically and kinetically
most favorite pathway after
photo excitation. Therefore, it is
important that the energy of the
absorbed photon is used for
generation of the charge sepa-
rated state and is not lost via
competitive processes like fluo-
rescence or nomadiative de-
cay. In addition, it is of im-
portance that the charge
separated state is stabilized, so
that the photogenerated charg-
es can migrate to one of the
electrodes. Therefore, the back
electron transfer should be
slowed down as much as possi-
ble. The photogenerated charg-
es are then transported and
collected at opposite elec-
trodes. New combinations of
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Figure 8. Schematic representation of the events in photovoltaics
and the number of publications appearing per year obtained from
web of science

materials that are being devel-
oped in various laboratories fo-
cus on improving the three pa-
rameters that determine the

photovoltaics and the number of
publications appearing per year
obtained from web of science
However, polymer solar cells suf-

energy conversion efficiency of @ fer from environmental degrada-

solar cell, i.e. the opercircuit
voltage (Voc), the shottircuit
current (Jsc), and the fill factor
that represents the curvature of
the current densityvoltage char-

tion owing the lack of effective
protective coatings. Novel molec-
ular chemistry and materials offer
hope for revolutionary, rather
than evolutionary, breakthroughs

acteristic. For ohmic contacts the in future device efficiencies.

open<circuit voltage of bulk

heterojunction polymer photovol-

Organic light emitting di-

taic cells is governed by the ener 0de(OLED)

gy levels of the HOMO and the
LUMO of donor and acceptor,
respectively. One of the crucial
parameters for increasing the
photocurrent is the absorption of
more photons. This may be
achieved by increasing the layer
thickness and by shifting the
absorption spectrum of the ac-
tive layer to longer wavelengths.

Figure 8 shows the schematic
representation of the events in

OLED s a lighémitting diode in
which the emissive electrolumi-
nescent layer is a film of organic
compound which emits light in
response to an electric current.
This layer of organic semicon-
ducor is situated between two
electrodes. The first observation
of electroluminescence in organic
materials reported in the early
1950s by André Bernanose at the
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Figure 9. Schematic representation of mechanism in OLED and
can be used as a display in TV screens

NancyUniversité, France in acri-

dine orange. The first diode device

was reported at Eastman Kodak
by Ching W. Tang in 1987. This
device used a novel twéayer

structure with separate hole trans-

porting and electron transporting
layers such that recombination

and light emission occurred in the

middle of the organic layer. This
resulted in a reduction in operat-
ing voltage and improvements in
efficiency and led to the current

era of OLED research and device
production. Research into polymer

electroluminescence culminated
in 1990 with J. H. Burroughes et

al. at the Cavendish Laboratory in

Cambridge reporting a high effi-
ciency green lighemitting poly-
mer based device using 10hm
thick films of poly (p
phenylenevinylene). OLEDs are
used to create digital displays in
devices such as television

screens, computer monitors, port-

able systems such as mobile
phones, hand held games con-
soles and PDAs.  Figure 9

shows the schematic diagram of a

Organic Thin Film Transistors

Organic thin film transistors are
the basic building blocks for
flexible integrated circuits and
displays. The semiconductor
material for a fast switching
transistor should have high
charge carrier mobility and
on/off current ratio. It is also
important that the semiconduc-
tor thin film has large, densely
packed and welinterconnected
grains. There are two types of
organic semiconductors based
on the type of charge carriers:
p-type (holes as major charge
carriers) and ntype (electrons
as major charge carriers). To
facilitate charge transport, the
0-0 stacking direction should
ideally be along the current flow
direction. This requires the sem-
iconductor molecules to self-
assemble into a certain orienta-
tion upon either vapour or solu-
tion deposition.

Electrochromic devices for
smart windows and flexible
displays.

from Page
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chromic materials because of
the advantages such as high
coloration efficiency, rapid
switching ability and diverse
colours. The electrochromism of
conducting polymers is based
on reversible redox reactions
accompanying ion exchange.
The switching time is mainly
affected by redox reaction effi-
ciency, which depends on the
ion diffusion rate and conductiv-
ity. Stability, rapid response
times, and efficient colour
changes are still critical param-
eters that need improvement.

Electronic paper and Printed
electronic interactive drum
poster

Electronic paper and electronic
ink are display technologies
which are designed to mimic
the appearance of ordinary ink
on paper. Unlike conventional
backilit flat panel displays which
emit light, electronic paper dis-
plays reflect light like ordinary
paper, theoretically making it
more comfortable to read, and
giving the surface a wider view-
ing angle compared to conven-
tional displays. An ideal g@aper
display can be read in direct
sunlight without the image ap-
pearing to fade. Many electron-
ic paper technologies can hold
static text and images indefi-
nitely without using electricity.
Flexible electronic paper uses

representative OLED which can be Conducting polymers are one of plastic substrates and plastic

used in television screens. Print-
ing or solution processing is the
only fabrication technology that

can bring the cost of OLED lighting

down to a level where it would

become a widely affordable alter-
native to other forms of lighting in

the home or office. Electrolumi-
nescent lighting is a form of
screen printed lighting that has

been used for many years in auto-
motive dashboard and exit signs.
The first LED TV was introduced in

2009 today over 40 percent of

LCD TVs feature LED backlighting

technology.

the most attractive electro-

Figure 10. Picture showing plastic solar panels;maper , printed
lighting , smart blister packaging in pharmaceutical companies,
soft plastronic battery

Polymer News

Figure 11. Photo catalytic ac-
tivity of polyaniline titanate
nanocomposite for the degra-
dation of dyes . Degration
kinetics studied using .UWis
spectra of methyl orange tak-
en at different intervals of
time

electronics for the display
backplane. Picture showing
plastic solar panels, epaper ,
printed lighting , smart blister
packaging in pharmaceutical
companies, soft plastronic
battery depicted in Figure
10.There is ongoing competi-
tion among manufacturers to
provide fulkcolour ability. Appli-
cations of electronic visual
displays include electronic
pricing labels in retail shops,
and digital signage, time tables
at bus stations, electronic bill-
boards, mobile phone displays,
and ereaders able to display
digital versions of books and e
paper magazines.

Printed interactive capacitive
touch using conductive ink that
transforms a simple graphic
into a fully interactive audio
poster. They will also be tweet-
ing live from a selfadhesive
label and introducing an inter-
active poster that has been
produced using conductive ink
systems that incorporate gra-
phene to lower the sheet re-
sistance.

Security Applications

Printed smart labels with elec-
tronic functions can help to
protect products from counter-
feiting or greymarket re-
selling. Smart labels and secu-
rity features on plastics and
paper can enable traceability
throughout the whole supply
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