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Abstract:
Conductive polymers are special type of organic compounds 

that have conjugated system enable them to conducting electrical 
current. They have distinctive properties render them attractive to 
be used in different application such as capacitors, sensors, ano-
des for fuel cells, or for protection against corrosion, the photo-
degradation of semiconductor electrodes in galvanic cells and for 
other applications. Synthesis and investigation of new conjugated 
polymers are essential to improving the electronic and optoele-
ctronic properties of these materials and in turn improvement of 
the performance of the devices. For instance, this review  aims 
to define important sides of electrochemical synthesis and elect-
rospectorochemical characterization of conducting polymers and 
some of their applications, with special prominence to carbazoles 
and some of its derivatives.
Keywords: conducting polymers, carbazoles, Electropolymeriza-
tion, Electrochromism

مستخلص:
ــل  ــى توصي ــه ع ــز بمقدرت ــة يتمي ــات العضوي ــن المركب ــوع خــاص م ــة هــي ن ــرات الموصل البوليم
التيــار الكهربــائي نتيجــة لاحتوائهــا عــى نظــام مترافــق. خصائصهــا المميــزة جعلتهــا جاذبــة لتســتخدم في 
تطبيقــات مختلفــة مثــل المكثفــات، المجســات، اقطــاب خلايــا الوقــود او وقايــة الاقطــاب شــبه الموصلــة  
ــد  ــتها  لاب ــة و دراس ــرات المترافق ــق البوليم ــة. تخلي ــا الجلفاني ــوئي في  الخلاي ــل الض ــاكل او التحل ــن الت م
ــتخدم  ــي تس ــزة الت ــن أداء الاجه ــالي تحس ــة  وبالت ــة و الالكتروبصري ــا الالكتروني ــن خصائصه ــه لتحس من
فيهــا. هــذه المقالــة العلميــة تهــدف الى التعريــف بجوانــب هامــة عــن البوليمــرات الموصلــة مثــل طــرق 
تخليقهــا، خصائثهــا الالكتروطيفيــة و مجالاتهــا التطبيقيــة و ذلــك اعتــادا عــي نتائــج البحــوث المنشــورة 

ــازول و بعــض مشــتقاته. ــز عــي مركــب الكارب ــم التركي ــة. ت ــات الرصين في المجــات و الدوري
كلمات مفتاحية: البوليمرات الموصلة، الكاربوزولات، البلمرة بالكهرباء. 
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1.Introduction
In 1977 polyacetylene was proved to gain metallic properties 

i.eelectirical conductivity. This early discovery encouraged scien-
tists to test polyacetylene as rechargeable active battery electrode. 
Their promising results motivated global efforts to creat polymer 
battery. The simple conjugated polymer, can be transformed to 
conductive material through process known as doping reaction, 
which consist of partial oxidation (p-type doping) or partial reduc-
tion (n-type doping)(1)

Conducting polymers are developing steadily and their appli-
cation in technology,is expanding. Therefore, the conducting poly-
mers with conjugated double bonds, such as, polypyrrole, poly-
thiophene and polyaniline have drawn the attention of researches 
as new advanced materials. Conducting polymers are often syn-
thesized byelectrochemical polymerization.  The monomer, the 
supporting electrolyte, and the solvent are taken into the electrlo-
lytic cell and the electrolysis is carried out by applying a voltage 
between the working electrode (Pt, Au, C, etc.) and the counter 
electrode. Usually, the film of the conducting polymer is formed 
during anodic polarization(2).

Recently, carbazole is receving considerable attention as con-
ducting polymer because; it  has a good electrical and photoele-
ctrical properties; also carbazole is charge transporting material 
(hole transporting) and different substitutents can be introduced 
into carbazole backboneto prepare polycarbazole derivatives with 
various properties and promising applications(3).
2.  Conducting polymers

Conducting polymers are materials that are capable to condu-
ct electricity. They are not plastics and hence, are not thermofor-
mable. They belong to organic family due to their insulating na-
ture. Like metals and alloys, inorganic semiconductors, molecular 
and electrolyte solutions, and inorganic electroactive solids, they 
include a group of compounds and materials with very distinctive 
properties. Conducting polymers have resemblances from an elec-
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trochemical perspective to all of the other compounds and mate-
rials stated above, making them a highly attractive research area. 
Furthermore, such research has led to several new uses, extending 
from corrosionprevention to analysis. In addition, the descriptions 
of conducting polymers, such as reversibility, obtainability in film 
shape and worthy environmentally friendly, improve their bud-
ding use in practical applications. Therefore, conducting polymers 
have invaded many arenas.Of the many noteworthy conducting 
polymers that have been developed over the last eras, those based 
on polyaniline, polypyrrole, polythiophene, polyphenylene and 
poly(p-phenylenevinylene)s have attracted much attention(Figure 
1). Regarding conductivity of such polymers, the motion of de-
localized electrons happensthrough conjugated systems; however, 
the electron hopping mechanism is likely tobe effective, especially 
between chains (interchain conduction) and defects. Electrochem-
icaltransformation usually leads to a reformation of the bonds of 
the polymers prepared by oxidative or less frequently reductive 
polymerization of benzoid or nonbenzoid (mostly amines) and het-
erocyclic compounds. The instability of  polyacetylene, which is 
recognized as a conducting polymer, in air rtards its practical use. 
However, substituted polyacetylenes (figure.2) into which substi-
tuents are introduced are convenient for feasible applications, be-
cause they have high oxidative stabililty and grant the formation 
of films from their solutions.

Generally, organic compound have very faint electronic con-
ductivity with values of specific conductivity σ  that are as much  
as 1012 time less than  those of metals. 

Conductivity σ =Ј \E
Which J is charge motion orcurrent density, E is electric field.
The degree of conductivity of ogranic conducting polymers 

aries between two states of relative oxidation and reduction. In 
case of polymer it self loses electrons (partial oxidation) polymer 
produced two psitive charge polarons,in case further oxidation re-
sulting more polarons (doped) (4).
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Figure1. The structure of most known conducting polymers in 
their neutral insulating form 
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Figure 2.Electron conducting polymers (5).

Figure 3. The band gap in solid (5).
2.1. Synthesis of conducting polymers

Conducting polymers could be synthesized by either chem-
ical or electrochemical polymerization methods. Electropolymer-
ization is more advantageous since the reactions can be performed 
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at room temperature, the thickness of the films can be controlled, 
polymer films can be directly formed at the electrode surface, and 
it is possible to obtain homogeneous films (6).

Oxidation of monomers can be achieved within two menti-
oned methods where the polymerization reaction is stoichomet-
ric in electrons. One challenge is usually the low solubility of the 
polymer. However, in some cases, the molecular weight need not 
be high to achieve the desired properties. The electrical properties 
can be fine-tuned using the methods of organic synthesis. 

Several other methods for the synthesis of conducting pol-
ymers have been developed, such as electrochemical, photoche-
mical or biocatalytic oxidative polymerization using naturally 
occuring enzymes. Most conducting polymers are prepared by 
oxidative coupling of monocyclic precursors. Such reactions enta-
il dehydrogenation. 
nH-(X)-H → H-(X)n-H + 2(n-1) H+ + 2(n-1) e-

Synthesis and investigation of new conjugated polymers are 
crucial to refining the electronic and optoelectronic properties of 
these materials and in sequence enhancement of the performance 
of the devices. One general encounter in the field is realization of 
high electron affinity (n-type) conjugated polymers, for improving 
electron injection/transport and low ionization potential (p-type) 
conjugated polymers for better hole injection/transport in polymer 
electronic devices. Of particular attention are polymers that merge 
high fluorescence quantum yields with low ionization potential or 
high electron affinity (7).

In recent times, little attention has been paidto chemical po-
lymerization of the above conductingpolymers. Chemical polym-
erization is of particularsignificance since this synthesis is the most 
practicableroute for the outsized scale production. Besides, itwas 
shown that chemical synthesis produces a polymerhaving a higher 
molecular weightIngeneral, chemical oxidation delivers conduct-
ing polymers as powders, whereas the electrochemical synthesis 
lead to films deposited on working electrode.

http://en.wikipedia.org/wiki/Organic_synthesis
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More recently, increasing attention has been directed towards their 
functionalised derivatives primarily polypyrrole, polythiophene 
and polyaniline because functional groups enable fine-tuning of 
monomer and polymer properties and may also provide attach-
ing points for polymer postmodification. The conducting polymers 
can be polymerized by two methods via chemical and electroc-
hemical techniques, electrochemical method compromises a bet-
ter control over properties as they can be acheived by changing 
experimental conditions such as electrolyte, oxidation potential, 
solvent, etc. Conjugated polymers are organic semiconductors, the 
semiconducting behaviour being associated with the π molecular 
orbitals delocalized along the polymer chain. Their main advanta-
ge over non-polymeric organic semiconductors is the possibility 
of processing the polymer to form useful and robust structures. 
The response of the system to electronic excitation is nonlinear, 
the injection of an electron and a hole on the conjugated chain can 
lead to a self-localized excited state which can then decay radiati-
vely, suggesting the possibility of using these materials in electro-
luminescent devices (8).

Figure 4. Mechanism of the first step of the electrooxidation of 
monomer
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2.2 Application of Conducting polymers
A range of applications towards technology of these materi-

als has been projected and established.Conductingpolymers (CPs) 
have been, carefully, studied during the last eras regarding their 
potential application for example as capacitors, sensors, anodes 
for fuel cells, or for protection against corrosion, the photodegra-
dation of semiconductor electrodes in galvanic cells and for other 
applications. Generally, conducting polymers are infusible and in-
soluble in common solvents. The preparation of conducting poly-
mer nanocomposites is a promising route to provide the hybrid 
material with some kind of processability (colloidal stability or 
mechanical strength), extending the applications of these materi-
als. Moreover, chemical origin and the special properties of the in-
corporated materials add new characteristics to the resulting nano-
compos. Conducting polymers have attracted great fundamental 
and applicative interest due to their special properties, such as 
tailoring of electronic properties by the molecular structure, con-
trollable electrical conductivity and nanostructured shapes (films, 
nanowires, nanoparticles), and low cost high yield synthesis.

The electrochemical preparation of a variety of conducting 
polymers has been extensivelyexplored due to their electrical re-
dox and photochemical properties and ability for a number of pra-
ctical applications, i.e. as batteries, and lightemitting diodes . Car-
bazole-containing polymers have been expansively studied for the 
various applications due to their good hole transport, luminescent 
and electroactive properties . Most of these polymers contain car-
bazolyl groups as pendants. Much less presentations are reported 
on the polymers containing carbazole moieties in the main chain 
(9).

Polymers have long been thought of and applied as insula-
tors. Indeed, not so long ago, any electrical conduction in poly-
mers mostly due to loosely bound ions was generally regarded as 
an undesirable phenomenon. The unique properties of inherently 
conductive polymer backbones from  the possibility of fine-tuning 
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the conductivity by adjusting the amount of dopant incorporated 
within the polymer,  doping/undoping reversibility, and the optical 
absorption characteristics in the UV, visible and near infrared as 
well aids, electromagnetic, absorption, characteristics.  Conduc-
tivity of polymer related to low  band gap which is both p- and 
n-dobable,as both the anode and the cathode has been reported.
The uses of conducting polymer in many practical applications 
depends on their environmental, electrochemical and thermal sta-
bilities. The time and temperature dependences of conductivity 
have been made to understand the aging process and mechanics of 
conduction. 

Molecular electronicsME materials differ from conventional 
polymers by having a delocalized electronic structure that can ac-
commodate charge carriers such as electrons and holes. CPs such 
as polypyrroles, polythiophenes and polyanilines have been pro-
jected forapplications for a wide range of Molecular electronics 
ME devices.One of the main reasons for such a wide-spread in-
terest is due to the reported observation that these interesting elec-
tronic materialsexhibit full range of properties from insulator to 
superconductor depending upon chemical modification. CPs have 
been found tohave applications as optical, electronic, drug-deliv-
ery, memory and biosensing devices. The major challenge con-
fronting the materialscientists including chemists and physicists 
is how do the properties of these electronic materials differ from 
those of conventionalsemiconductors. Another advantage lies in 
the fact that these materials possess specificadvantages such as 
high packing density,possibility of controlling shape and electron-
ic properties by chemical modification (10)

2.3. Polycarbazoles and its derivatives
Carbazole unit (figure. 5) can be substituted at the 3- and 

6-position as well as 2- and 7- position to provide poly carbazole 
derivatives with different properties and potential application, car-
bazole exhibit high thermal and photochemical stability and ava-
ilable. In addition to is cheap material and can be produced  from  
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coal-tar distillation and has biological activity and as attractive 
building blocks for construction of functional materials. Figure 5. 
Mecanism of polymerization of carbazoe.

Carbazole is rich electron donor, (reversible redox behavior), 
and high charge carrier mobilities. Due to the ease of formation 
of relatively stable radical cations (polarons), carbazole readily 
polymerize at electrochemical polymerization process. The fist 
report of electropolymerization of carbazole was carried out by 
Ambrose and Nelson in1968. They have exhibited that carbazole 
could polymerize from 3, 6 and 9, positions and also noted that 
coupling could proceed through the 1 and 8 positions; however, 
these positions are sterically hindered due to rigid structure of car-
bazole. Carbazole containing polymers are of interest due to their 
applications in electrochromic devices, hole transport layers, mi-
crocavity photoconduction, and as photovoltaic components that 
provide a very efficient matrix as a current carrier transport (9).

Carbazole compounds are also efficient electron-transfer pho-
tosensitizers for a wide variety of onium salt photoinitiated cation-
ic polymerizations, and polymers containing carbazole compounds 
are generally very good photosensitizers. Crivello et al., found that 
the inclusion of even a small amount of a carbazole photosensi-
tizer, such as PVCz, was effective in markedly accelerating the 
photopolymerizations of epoxide and vinyl ether monomers. The 
broadening of the spectral response through the use of these car-
bazole-based photosensitizers accounted for the rate enhancement 
of the polymerization reactions. Copolymers of N vinylcarbazole 
with two vinyl monomers and a dimeric photosensitizer were syn-
thesized and also shown to be efficient photosensitizers (11).T
2.3.1 Electrochemical polymerization of carbazoles

The polymerization is reaction to convert monomers to a 
polymer. The methods of synthesis polymers was devided into two 
methods; chemical methods and electrochemical methods. Chem-
ical synthesis has the advantage of being a simple process capable 
of producing bulk quantities of polymers. However, electrochem-
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ical methods has agood processebility.A new class of polycar-
bazol-CPs has been industrializedlately. The polycarbazole-CPs 
found, a rather limitedapplications, except poly-vinylcarbazole 
presenting uniqueoptical and electrochemical properties. It is 
known that, during poly-N-carbazole growth, N-alkylated mono-
mers electropolymerized at the v3-3′ and 6-6′ heterocyclic posi-
tions, affording mainly tetramers soluble in the electrochemical 
medium. Because of this solubility issue forbidding film produc-
tion, interest in this CPs class for sensing applications was rather 
limited calling for newly designed electropolymerizablecarbazole 
monomers overcoming this limitation .

During the past two decades, conjugated polymers with dif-
ferent chemical structures emitting different colors in the whole 
visible range have been widely investigated, and devices based on 
these materials have been fabricated. These organic electroactive 
and photoactive materials are usually based on, carbazole moieties. 
Among them, increasing interest has been paid to polycarbazoles 
(PCzs) because they are one of the most promising candidates for 
hole-transporting and photoluminescence efficiencies units. More-
over, PCzs have the possibility of substitution at N position. This 
facile process provides the opportunity to improve both the sol-
ubility and functionality of the resulting polymer. On the other 
hand, flexible side chains can cause steric hindrance and thereby 
provide a means to control the effective conjugation length and 
thus tuning the color of the emitting light in devices.

The principal properties of polycarbazole (PCz) might be im-
proved by the introduction of a proper moiety in the backbone of 
the polymer, which can be facilely achieved by electrochemical 
copolymerization process.Polycarbazole (PCz) thin film synthe-
sized on SnO2 coated glass substrates. The electrolyte type used 
was be a hydric LiClO4. It is shown that, after optimization of 
potential scanning domain PCz are systematically obtained. The 
film obtained with LiClO4 as electrolyte is homogenous, their cov-
erage efficiency on SnO2 is very high.  Also we can obtained PCz 
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by carbazole oxidation in solution with acetonitrile in the volume 
ratio 1/2, containg.0.1M tetraethyl ammonium perchlorate. It is 
shown the film is also homogenous and the coverage efficiency 
can obtained only when athin film of carbazole was deposited by 
evaporation under vacuum before electro polymerization (12).

Figure 5. Mechanism of polymerization of carbazole

Soluble  conducting polycarbazole using  4-methyl  carba-
zole-3-carboxylic acid  monomer were synthesised by electrochem-
ical oxidation in acetonitrile. . The synthesized  electrochromic 
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poly(4-methyl carbazole-3-carboxylic acid ) was  characterized 
by electrochemical  and  spectroscopic techniques.Introduction of 
side chain (alkyl, withdrawing, donating group) increase the pro-
cessability and electronic properties of the polymer

High quality polymer films can be easily electrodeposited 
by low-potential anodic oxidation of carbazole and its alkyl de-
rivatives Noctylcarbazole, N-(6 bromohexyl) carbazole, 1,6-bis(-
carbazolyl) hexane in boron trifluoride diethyl etherate (BFEE) 
or mixed electrolytes BFEE + CHCl3. A set of alkyl substituted 
carbazole-based conducting polymers have been synthesized by 
direct anodic oxidation of carbazoe and its derivatives N-OCz, 
N-BHCz and 2Cz-H in BFEE and BFEE + CHCl3 solutions. They 
all showed much lower oxidation potentials in BFEE than those in 
ACN (13).

2.3.2.The polymerization of N- substituted carbazoles
Poly (N-vinylcarbazole) (PVCz) materials have been exten-

sively studied. They exhibit interesting electrical and optical prop-
erties as light emitting diode materials, solar cells, and applica-
tions in various electrochromic devices. Specifically, PVCz shows 
good hole-transport properties which have important applications 
for improving the performance of organic electroluminescent de-
vices. Others have reported applications in amperometric chemi-
cal sensors. PVCz exhibits these interesting properties primarily 
due to the carbazole group (14).

Electropolymerization by cyclic voltammetry and chrono-
amperometry of N-ethylcarbazole (ETCZ) and 3,4-ethylenedioxy-
thiophene (EDOT) was carried out in water_/methanol (v/v: 1/3 
0.01 M sodium dodecylsulfate (SDS) and 1.25 M perchloric acid 
on platinum button electrodes. Methanol improves the ethylcarba-
zole solubility and allows a well-defined polymer growth on the 
working electrode. The SDS makes easier the ETCZ and EDOT 
electropolymerization. Indeed, the presence of micelles decreases 
the monomer oxidation potential and induces an acceleration of 
the polymerization. ETCZ and EDOT have similar monomer ox-
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idation potentials in this medium. Moreover their polymers show 
a better stability than the polymers obtained without surfactants. 
Therefore, electropolymerization mixtures of these monomers 
was carried out with different ratios (v/v, 70/30, 50/50 and 30/70) 
in order to prepare copolymers and the resulting products were 
characterized by electrochemistry, IR and UV-/visible spectrosco-
py and SEM. (15).

From the literature we found that N-(Hydroxymethyl) carba-
zole was synthesized electrochemically coating thin film on carbon 
fiber micro electrodes. Surface characterization of electrocoated 
poly (N-(hydroxymethyl)carbazole) of carbon fiber microelec-
trode (CFME) was performed by reflectance FTIR spectroscopy, 
scanning electron microscopy, and cyclic voltammetry (15).

In previous study, the scientsits synthesized and polymerized 
some tertiary arenes based on N-ethylcarbazole and thiophene. 
N-ethylcarbazole was chosen as an internal conjugated moiety 
so as to provide a planar, synthetically flexible core, which could 
easily be derivatized with no loss in extent of conjugation. Since 
discovery of photoconductivity of PVCz by Hoegl, carbazole con-
taining polymers have great importance in photo-electronictech-
nology Due to ease of formation of relatively stable radical cations 
(holes), high charge carrier mobilities, high thermal and photo-
chemical stabilities, these polymers have been used in electrochro-
mic devices, hole transport layers, electro-xerography, microcavi-
ty photoconduction, and as photovoltaiccomponents that provide a 
very efficient matrix as a current carrier transport. Carbazole could 
also be easily functionalized at (3,6) (2,7) or N-positions, and then 
covalently linked into polymeric systems, both in the main chain 
as building blocks and in a side chain as pendent groups (16)

Poly (3,6-N-vinylcarbazole) films were prepared by electro-
chemical oxidation of N-vinylcarbazole on a Pt electrode using 
acetonitrile as solvent and tetraethylammoniumtetrafluoroborate 
as electrolyte. The electrosynthesis was carried out by electrical 
potential cycling in the presence of two different bases: tetraeth-
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ylammonium benzoate (Bz_) and tetraethylammonium phthalate 
(Ph_). These salts were expected to modify the acidity level of 
the electrolyte since they can act as scavengers for the protons re-
leased during the polymerization, when the reaction takes place in 
the carbazole unit. Products were characterized by cyclic voltam-
metry, scanning electron microscopy, FTIR spectroscopy, thermo-
gravimetric analysis, differential scanning calorimetry, absorption 
spectroscopy and four-probe electrical conductivity measure-
ments. Both bases influenced significantly the chemical structure 
and morphology of the deposited materials. The presence of Ph_ 
in the electrolyte decreases the cross-linking of the electrodepos-
ited polymer, leading to a poly(3,6-N-vinylcarbazole) bearing a 
more uniform morphology, higher thermal stability and electrical 
conductivity compared to those of the polymers obtained in the 
presence of Bz_and without acidity control (16).

Carbazole could also be easily functionalized at its 3,6- or N 
positions and then covalently linked into polymeric systems, both 
in the main chain as building blocks and in a side chain as pendent 
groups . Due to the ease of formation of relatively stable radical 
cations (polarons), carbazole readily polymerize at electrochemi-
cal polymerization process. The fist report of electropolymeriza-
tion of carbazole was carried out by Ambrose and Nelson They 
have exhibited that carbazole could polymerize from 3, 6 and 9, 
positions and also noted that coupling could proceed through the 
1 and8 positions; however, these positions are sterically hindered 
due to rigid structure of carbazole(9)

Since polyacetylene doped by oxidizing or reduced agents 
showed good electrical conductivity. Many studies have been de-
voted th the electrical properties of the conjugate polymers.  Among 
these conducting polymers, polyaniline(PANI) has recieved great-
er attention owing to its good stability in the presence of oxygen 
and water and has electrochemical properties for development of 
battries and electrochromic display devices.Carbazole derivatives 
also have been of greater interest  because of their useful applica-
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tion especially in electrophotograph and electroluminescence de-
vice (8).

2.3.3 The conductivity of polycarbazole
The solid state conductivity ofpolycarbazole with respect to 

initial carbazole concentration was linearly proportional to con-
ductivity. i.e., anincreasing monomer concentration leads to an 
increasein the amount of radical cations. This increases theconju-
gation length of the polymer and also increases theconductivity of 
the polymer.The conductivity of polycarbazole was found as 7.0 × 
10−3 -1.27 × 10−3S  (17).

Polycarbazole (PCz) can be electrochemically deposited to 
yield conducting thin films on desired electrodes and are khown 
to be electrochemically stable and show better redox behavour in 
protic acid medium. It has been revealed that reduced Polycar-
bazole (PCz) show yellow colour and low conductivity (> 10-9 
Scm-1) where oxidized Polycarbazole (PCz) are green and have 
enhanced conductivity (> 10-3 Scm-1). The electrical conductivity 
of PCz at room temperature is quite low (about 2.5 X10-12 Scm-1) 
(17).
3.  Electrochromism

Electrochromism refers to the reversible color change of 
electroactive materials upon reduction (gain of electrons) or oxi-
dation (loss of electrons), on passage of electrical current after the 
application of an appropriate electrode potential. Electrochromic 
polymers have received increasing attention due to their potential 
for structurally controllable HOMO–LUMO band gap, fast switch-
ing speeds, high contrast ability, and easily processing. With these 
properties they become more advantageous than the ones which 
are in inorganic nature. The optical change in these electrochromic 
polymers is influenced by a low electric current at low potentials 
in the order of a fraction of a volt to a few volts. The color is de-
termined by the band gap, defined as the onset of the π_ π * tran-
sition. Then, band gap control becomes an important issue in the 
construction of dual-polymer based electrochromic devices where 



169مجلة علمية محكمة ربع سنوية-العدد العا شر )خاص(-ربيع الأول  1443هـ -نوفمبر 2021م

Dr.H.E. Elkhidr - Dr.Mohammed Salaheldeen 

a low band gap (cathodic coloring) polymer is matched with a high 
band gap (anodic coloring) polymer to obtain a high degree of 
contrast during the switching process. A material which has more 
than two redox states may exhibit electrochemically several colors 
and it can be termed as poly-electrochromic. Theoretical consider-
ations suggest that the absorption and emission spectra of certain 
dyes may be shifted by hundreds of angstroms upon application of 
a strong electric field. This effect is called “electrochromism”, in 
analogy to “thermochromism” and “photochromism” which de-
scribe changes of color produced by heat and light. Electrochro-
mism refers to the reversible color change of electroactive mate-
rials, during the electrochemical redox reaction. When switching 
the redox states generates new or different visible reigon bonds, 
colur changes are commonly between transparent (bleached) state 
where the chromophore only absorbs in UV reigon and coloured 
state or between two coloured states electrochromic material may 
be exhibt several colours so called (polychromics). Electrochro-
mism can be defined as a reversible color change in a material 
caused by an applied voltage. The first studies about electrochro-
mic materials started with inorganic semiconductors such as tung-
sten trioxide (WO3) and iridium dioxide (IrO2), and then organic 
small molecules such as viologens, metallophthalocyanines and 
finally conducting polymers, received much attention for electro-
chromic applications. In the most of the researches onto electro-
chromic materials, donor and acceptor moieties are conjugated to 
the main chain of the polymers (18)..

Electrochromic materials are generally first studied at a sin-
gle working electrode, under potentiostatic or galvanostatic con-
trol, using three electrode circuitry. Electrochemical techniques 
such as cyclic voltammetry, coulometry, and chronoamperometry, 
all with, as appropriate, in situ spectroscopic measurements are 
employed for characterization. An electrochromic device is es-
sentially a rechargeable battery in which the electrochromic elec-
trode is separated by a suitable solid or liquid electrolyte from a 
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charge balancing counter electrode, and the color changes occur 
by charging and discharging the electrochemical cell with applied 
potential of a few volts. After the resulting pulse of current has de-
cayed and the color change has been effected, the new redox state 
persists, with little or no input of power, in the so called “memory 
effect”. Carbazole containing polymers are of interest due to their 
applications in electrochromic devices, hole transport layers, elec-
tro-xerography, microcavity photoconduction, and as photovoltaic 
components that provide a very efficient matrix as a current carrier 
transport, also can use the electrochromic devices in controllable 
light reflective or light transmissive device for optical information 
and storge,sunglasses,protective eyewear for military,example of 
elecrtochromic materials is viologens (19).
4.  Electrochemiluminescence (ECL)

Electrochemiluminescence is light emission stimulated by 
electrical current. In organic compounds, electroluminescence has 
been known since the early 1950s, when Bernanose and coworkers 
first produced electroluminescence in crystalline thin films of acri-
dine orange and quinacrine. In 1960, researchers at Dow Chemi-
cal developed AC-driven electroluminescent cells using doping. 
In some cases, similar light emission is observed when a voltage 
is applied to a thin layer of a conductive organic polymer films.
Electro generated chemiluminescence (ECL) has widely been ap-
plied as a sensitive and selective detecting techniquefor many an-
alytical applications; it is also anexcellent model for investigating 
the mechanism of electrontransfer. ECL is a process that involves 
photongeneration by homogeneous electron transfer (ET)between 
electrochemically generated radical cations andradical anions that 
form in close proximity to the electrodesurface in an ECL cell 
Mechanism of ECL the electro active speacies is excited to excit-
ed state and with redox can be emitting with emission of light with 
appropariate (20)
Carbazole is rich electron donor,(reversible redox behavior),che-
miluminesence (ECL) is  aprocess involve photon generation by 
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homogenous electron transfer(ET) between radical of cations and 
anions in close to surface of electrodes in the cell.Mechanismof 
ECL the  electro active speacies is excited to excited state and with 
redox can be emitting with emission of light with appropariate 
wave length depending on (ΔH enthalpy),carbazole or molecules 
incorporating carbazole moieties have been investegated as light 
emitting materials and as hole- transporting materials in (OLED) 
because they have high reversibility upon electrochemical oxida-
tion .As an electron transfer function, carbazole has been proven 
to be a good hole-transport material in organic light emitting di-
odes (21)
5. Light emisson diode (LED)

Consist of achip of semiconducting material impregnated, or 
doped, with imputities to create a p-n junction.As the other di-
ode current flows easily from the p-side,or cathode,to the n-side,or 
anode but not in reverse direction.Charge- carriers electrons and 
electron holes flow into the junction from electrodes with diffrent 
voltages,when an  electrons meets the hole,it falls into lower ener-
gy level and releases energy in form of photon.the wavelength of 
light emitted depends on band gap energy of materials forming the 
p-n junction.LEDs are usually  built on  an  n-type substrate,with 
electrode attached to the p-type layer deposited on its surface. If 
the emitting layer materials of an LED is an organic compound, it 
khnown as an organic light emitting diode(OLED), to function as 
semiconductor, the organic emitting material must have conjugat-
ed pi bonds,the emitting material can be small organic molecule in 
acrystalline phase,or apolymer. Polymer can b flexible;such LEDs 
are known as PLEDs orFLEDs. Compared with regular LED,-
PLED are lighter,and polymer LEDs can have the added benefit of 
being flexible.Some possible future applications of OLEDs could 
be:
-Inexpensive,flexible displays
-Light sources
-Wall decoration.
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There is substantial interest in the development of new light 
sources based upon formation of emissive states in thin films of 
organic dyes, through direct injection of electrical charge into sin-
gle layer or multilayer thin films (organic light-emitting diodes, 
OLEDs, or organic electroemissive devices, OLEDs). The interest 
in this type of electrically pumped luminescence can be traced back 
several decades to observations of light emission in thin films of 
single-crystal molecular materials such as anthracene and to stud-
ies of several electrochemically driven light emission processes at 
molecular crystal electrodes2. Two different classes of materials 
have emerged recently based upon ultrathin films of (a) extended 
conjugation polymers exhibiting strong luminescence (e.g., deriv-
atives of, polyparaphenylenevinylene PPV, and related lumines-
cent polymers) and (b)vacuum-deposited small molecule systems 
including tris(8-quinolinolato-N1O8) aluminum and several other 
vacuum-compatible luminescent dyes.

5.1 Polycarbazolein OLED
The carbazole family forms a subset of the organic mate-

rials under study for blue EL applications. Polyvinylcarbazole , 
polycarbazole , and many others derivatives have been used to 
achieve blue OLED. Siove et al. recently showed that the dimer 
of N-ethyl-carbazole exhibits a remarkable blue photolumines-
cence.These good electro-photoactive properties make carbazole 
containing polymers as suitable materials for LED and other opto-
electronic devices. Carbazole units can be linked in two different 
ways leading to either poly(3,6-carbazole) or poly(2,7- carbazole) 
derivatives. While the former class seems to be very interesting 
for electrochemical and phosphorescence applications, the latter 
shows very promising optical properties in the visible range for 
organic light emitting diodes (OLED)(22).
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Owing to their promising electrical and photophysical prop-
erties157 polycarbazoles are interesting candidates for applica-
tions in optoelectronic devices such as OPVs, OFETs and OLEDs. 
Polycarbazoles are strong blue emitters with high fluorescence 
quantum yields and they are excellent hole transport materials 
with high thermal stability  and glass forming properties. More-
over, depending on the substitution and connection pattern (3,6- vs. 
2,7-linkage, ) they can closely match the hole injection energy of 
ITO electrodes. The 2,7-linked polycarbazoles are often favoured 
to 3,6-linked polycarbazoles because of their higher fluorescence 
quantum yields in solution and their extended conjugation over 
several monomer units.OLEDs have been fabricated from both 
2,-7 and 3,6-linked,  polycarbazoles. However, compared to the 
devices made from D-A conjugated polymers mentioned above 
these were rather low performing OLED devices. As an acceptor 
moiety in D-A compounds triarylboranes have been successfully 
used in small molecule OLEDs in the past decade. They have been 
shown to be applicable as electron transport layer, hole blocking 
layer and light emitting layer with colours ranging from blue, over 
green, yellow to orange depending on the donor and the bridge. 
Even white light-emitting devices have been fabricated from triar-
ylborane containing molecules.(22).

An OLED is an electronic device made by placing a series of 
organic thin films between two conductors. When electrical cur-
rent is applied, a bright light is emitted.  A device that is 100 to 
500 nanometers thick or about 200 times smaller than a human 
hair.  Organic light-emitting devices (OLEDs) have shown poten-
tial to be low-cost, full color flat panel displays due to their merits 
of high brightness, easy fabrication, and the availability of a wide 
range of 
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emission colors (Figure 7). 
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	 The battery or power supply of the device containing the 
OLED applies a voltage across the OLED.
An electrical current flows from the cathode to the anode through 
the organic layers (an electrical current is a flow of electrons).
At the boundary between the emissive and the conductive layers, 
electrons find electron holes.
The OLED emits light.
Generally, OLEDs are composed of functionally divided organ-
ic multi-layers, a hole-transporting, an emitting, and an electron 
transporting layers sandwiched between two electrodes.Charge 
carriers (holes and electrons) areinjected and transported from 
the anode and cathode,and are recombined in the emitting layer 
to emitlight.The primary role of the hole-transportinglayer is to 
assist the hole injection from the anodeinto the light-emitting layer 
and block electronswithin this layer, transporting the holes to the 
emittinglayer, thus maximizing the recombination probabilityof 
the injected carriers. The materialsused as hole-transporting mate-
rials should be good hole conductors and possess good mechani-
cal, thermal and electrochemical properties (23).
The rapid development of our information-intensive society has 
increased the technological demands of flat panel displays. In par-
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ticular, organic light emitting diode (OLED) devices are attractive 
for their application in next generation flat panel displays due to 
their low-cost fabrication, high pixel density, bright electrolumi-
nescence with high contrast, high efficiency, wide visual range, 
and lowdirect current (DC) voltage requirements. Recently, OLED 
devices have beencommercially applied for cellular phones and 
small-sized televisions by Samsung and Sony, respectively. Al-
though research on OLED devices has been continued for a long 
time, they have been inadequate for larger size of displays, where-
in the most challenging technical problem has been involved with 
the selection of an organic material that is both efficient and stable.
(24).

Currently, many carbazole compounds have been used as 
host materials for OLEDs. It is very important to balance between 
the hole, electron injection, and transportation. The multi-func-
tional electroluminescent small molecules and polymers have al-
ready been discussed whereby light emission and electron- and 
hole-transporting properties are combined in one material to 
achieve high efficiency (25)

The vacuum-deposited small molecule OLEDs are also often 
doped with low concentrations of other dyes such as quinacridones 
with longer wavelength emissions, which allow for enhancement 
of the electroluminescent response and color tuning.(25)
Organic light emitting devices (OLEDs) have shown potential to 
be low-cost, full color flat panel displays due to their merits of high 
brightness, easy fabrication, and the availability of a wide range of 
emission colors. The past decade has seen great progress in both 
device fabrication techniques and materials development (25)
Initial studies on poly (2,7-carbazole) derivatives indicated great 
potential as blue-light-emitting materials. For instance, homopoly-
mers exhibit blue fluorescence with a maximum of emission near 
415-440 nm with relatively high quantum yields.9,27 Taking ad-
vantage of the chemical versatility of the carbazole unit, many 
poly(2,7-carbazole) derivatives were specifically developed to 
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maximize their electroluminescence properties.
The carbazole family forms a subset of the organic materials un-
der study for blue EL applications. Polyvinylcarbazole  Polycar-
bazole and many others derivatives  have been used to achieve 
blue OLED. Siove et al. recently showed that the dimer of N-eth-
yl-carbazole exhibits a remarkable blue photoluminescence These 
good electro-photoactive properties make carbazole containing 
polymers as suitable materials for LED and other optoelectronic 
devices. The most important topics of the rapidly developing field 
of conducting polymers especially on carbazole containing ones 
are reported recent literatures (22). 

Carbazole containing polymers are of interest due to their ap-
plications in electrochromic devices, hole transport layers, elec-
tro-xerography, microcavity photoconduction, and as photovoltaic 
components that provide a very efficient matrix as a current carri-
er transport. These polymers also constitute an important part of 
the photoconductive polymers and organic photoreceptors These 
polymers obtained have also various advantageous properties; 
such as, high charge carrier mobilities, high thermal and photo-
chemical stabilities.Carbazole could also be easily functionalized 
at its 3,6-  2,7-  position or in N-positions and then covalently 
linked into polymeric systems, both in the main chain as building 
blocks and in a side chain aspendent groups (9).
Molecules incorporating carbazole moieties have been investigat-
ed extensively as light-emitting materials and as the hole-transport-
ing materials in organic light-emitting devices (OLED) because of 
their high reversibility upon electrochemical oxidation..Previous-
ly, we established a feasible synthesis, using Suzuki coupling reac-
tion, of molecules containing pyrimidine moieties. These pyrimi-
dine-containing materials undergo reversible reduction processes, 
which suggests that they hold promise for use in light-emitting and 
electron transport materials. We anticipated that the preparation of 
a molecule that combines the individual characteristics of carba-
zole (i.e., electron richness) and pyrimidine (i.e., high electroneg-
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ativity) moieties would afford a new kind of material. In this letter 
we report the synthesis and properties, including ECL behavior, of 
such a novel molecule(20).
6. Application of polycarbazole

Polycarbazole (PCz) is one ofmany relatively new conduct-
ing polymer groups with good electrochemical characteristics, 
and its conductiveform can easily be obtained by the electrochem-
icalmethod. Investigations related to chemical modificationor co-
polymerization of carbazole with othermonomers have led to the 
use of PCz and its derivativesas redox catalysts, photoactive de-
vices, sensors,electrochromic display, electroluminescent device-
sand biosensors (8).

A new class of polycarbazole-CPs has been developed re-
cently. The polycarbazole-CPs found rather limited applications, 
except poly-vinylcarbazole presenting unique optical and elec-
trochemical properties. It is known that, during poly-N-carbazole 
growth, N-alkylated monomers electropolymerized at the 3-3’ and 
6-6’ heterocyclic positions, affording mainly tetramers soluble 
in the electrochemical medium. Because of this solubility issue 
forbidding film production, interest in this CPs class for sensing 
applications was rather limited calling for newly designed elec-
tropolymerizablecarbazole monomers overcoming this limitation. 
Moreover, if successfully grown, such polycarbazole-CPs films 
should include an appropriate grafting surface chemistry to link 
covalently capture probes of interest (post-polymerization func-
tionalization) resulting in innovative polycarbazole-CPs based 
transducing surfaces. (26)

Polycarbazole in electronics industry are overtaking their long 
established passive roles as insulating and encapsulating materi-
als to more active new application. Polymers and oligmers can be 
used as materials for diodes, thin film transistors and light emitting 
diodes (LEDs). Acceptor-substituted carbazole derivatives also 
were designed as novel photoconductive materialsand non-linear 
optical materials with large photorefractive effect. Several elec-
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troluminescence (EL) materials containing carbazole group had 
been used in lightemitting diodes (LEDs) devices (27)

carbazole and its N-substituted derivatives wereextensively-
studied by Ambrose et al. They investigated the reactivity ofcation 
radicalsformed from benzene ring substituted carbazole usinge-
lectrochemical and spectroscopic techniques. It was reported that 
the3, and 9 positions on carbozole were extremely reactive and 
anodicoxidation of carbazole produced very unstable cations, such 
as 9,9′- and3,3′-bicarbazyls. Though conducting polymers can be 
polymerized bytwo methods viz chemical and electrochemical 
techniques, electrochemicalmethod offers a better control over 
properties as they can betailored by changing experimental condi-
tions such as electrolyte,oxidation potential, solvent, etc. To date, 
polycarbazole isextensively synthesized using electrochemical 
techniques andthis polymer is mainly studied for its optical and 
electrochemicalproperties(27)

An electrical battery is one or more electrochemical cells that 
convert stored chemical energy into electrical energy. batteries 
have become a common power source for many household and 
industrial applications. One of the major reasons which has pro-
moted the speedy development of conducting polymer is their an-
ticipated use as electrodes in light weight and rechargeable batter-
ies.Compared to lead-acid batteris, polyacetylene (CH)X battery 
is not onlt lighter in weight but also has higher energy and power 
densities respectively. However, the major disadvantage still con-
fronting the large scale commercial exploitation of (CH)X /Li cell 
is than 7-8% of the injected charge.Polypyrrole and polythiophene 
it now appears and used  efficiently in batteries because has some 
properties ,light weight , long-lasting and higher conductivity.
The use of conducting polymers as electrodes in lithium secondary 
batteries and supercapacitors (pseudocapacitors) was discussed 
above. From the standpoint of electrochemistry in non-aqueous 
solutions, the use as electrochromic materials is also interesting. 
Conducting polymers usually have different colors between the 
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doped- and undoped-states. The color change of the transmitted 
light by the undoped doped conversion is red_blue for the polyth-
iophene film, yellow_blue for the polypyrrole film, and light yel-
low-green for polyaniline(2).
carbazole derivatives are promising as advanced amorphous mate-
rials for photorefractive systems. (27)
7. Conclusions
−− Conducting polymers cane be otained from organic compounds 
−− .Carbazolemonemers are ectrochemically, polymerized to give 

polymers that consist of carbazol back bone
−− The polymers show electrical characterizations.
−− The electrochromic systems formed exhibt strong green colour 

on oxidation and transparent on reduction
−− Spectroscopic data give strong evidence of the formation of 

polymer material.
Aknowledgment

Elkhidr H,E would like to aknowledge the finicial support of 
the Ministry of Higher Education of Sudan government and the 
Turkish Repuplic.

 



181مجلة علمية محكمة ربع سنوية-العدد العا شر )خاص(-ربيع الأول  1443هـ -نوفمبر 2021م

Dr.H.E. Elkhidr - Dr.Mohammed Salaheldeen 

REFERENCES:
(1)	Chiang, C.K., Fincher, C.R., Park,Y.W., Heeger, A.J., Shiraka-

wa, Louis, H.E.J., Gau, S.C., MacDiarmid, A.G., 1977, , Phy.
Rev.Lett., 39, 1098-1101.

(2)	Izutsu, K., 2009, Electrochemistry in Nonaqueous Solutions, 
2nd. ed., Wiley, England.

(3)	3.	 Consies.R, Fologea,D., Ssuneries,S.,Marks,R.S.,(2000) Ei-
lctrochem.Commun.2,827.

(4)	Inzelt, G., 2008, Conducting polymers,  1st. ed., Springer, Ger-
many.

(5)	Freund, M. S.,  Deore B. A., 2007, Self Doping of Conducting 
Polymers,  1st ed, Willy, England.

(6)	Ünür E. Toppare,L., Yagci Y., Yilmaz F., 2005, Materials Chem-
istry and Physics 91, 261–268.

(7)	7.	 Kong X., Kulkarni A.,  P., Jenekhe S., A., 2003,. Macromol-
ecules , 36, 8992-8999.

(8)	8.	 Park, W. J., Lee H.  J., Park C. H., Ko, M. J., 2001,  current 
applied physics,1, 129-132.

(9)	9.	 Koyuncu S., Kaya İ., Koyuncu F.B., Ozdemir E., 2009, 
Synth Met, 159:1034–1042.

(10)	 Raj V., Madheswari, D., Ali,  M. M, 2009, Journal of Ap-
plied Polymer Science, 116, 147 -154.

(11)	 Mc Grath, J. E., Rasmussen, L., Shultz, A. R., Shobha, 
H.K., Sankarapandian M., Glass T., Long T. E., Pasquale, A. J.,  
2006, Polymer 47 4042–4057.

(12)	 Abe Y. S., Bernede J.C.,Delvalle ,M.A., Tregouet Y., Ragot 
F., Diaz F.R., Lefrant C., 2002., Synthetic Metals, 126, 1-6.

(13)	 Wei Zhenhong ., Xu Jingkun ., Nie Guangming., Du Yuk-
ou., Pu Shouzhi, 2006, Journal of Electroanalytical Chemistry 
589 ,112–119.

(14)	 Fulghum T., Abdul Karim S. M., Baba A.,  Taranekar P., 
Nakai T., Toshio Masuda T.,  Rigoberto C. A., 2006, Macro-
molecules, 39, 1467-1473

(15)	 Saraç, A. S., Parlak, E. A., Serhatlı, E., Çakır, T., 2007, Jour-



مجلة علمية محكمة ربع سنوية-العدد العا شر )خاص(-ربيع الأول  1443هـ -نوفمبر 2021م 182

Electrosynthesis and spectroelectrochemical characterization of conducting polymers

nal of Applied Polymer Science, 104, 238–246
(16)	 Saraç A.S., Tofail Syed A.M., Serantoni M., Henry J., Cun-

naneV. J.,  James M., B., 2004, Applied Surface Science 222, 
148–165.

(17)	 Taoudi H., Bernede J.C., Bonnet A., Morsli MGodoy.,A., 
1997, Thin Solid Films 304, 48-55.

(18)	 Koyuncu,. F. B., Koyuncu, S., Ozdemir, E., 2010, Electro-
chimica Acta, 55,  4935–4941

(19)	 Cabaj, J., Idzik K., Sołoducho, J., Chyla, A , 2006, , Tetra-
hedron 62 , 758–764

(20)	 Wong, K. T., Hung T. H., Chao, T. C., Ho T. I., 2005 , Tetra-
hedron Letters 46 , 855–858Cabaj, J., Idzik K., Sołoducho, J., 
Chyla, A , 2006, , Tetrahedron 62 , 758–764.

(21)	 O’Brien, D., Baldo, M., Thompson, M.E., Forrest, S.R., 
1999,  Appl. Phys. Lett. 74,  442

(22)	 Grigalevicius, S., Zhang, B., Xie Z., Forster M., Scherf U.l, 
2011, Organic Electronics 12 , 2253–2257.

(23)	 Zhao, H. P., Tao, X. T., Wang P. , Ren Y., Xiang Y. J. , Xing 
Y. Y. , Xue Y. C. , Xue Y. H., Jun L. Y. , Chun Z. D. , Hua, J.  
M., 2007, , Organic Electronics 8 , 673–682.

(24)	 Kim, K., Jeonga S. Kim, C., Hamc, J., Kwonc, Y., Choia, 
B., Hana, Y. , 2009, Synthetic Metals 159, 1870–1875.

(25)	 Guan M., Chen Z. Q., Bian Z.uQ., Liu Z. W., Gong Z. L., 
Baik W., Lee H. J., Huang C. H., 2006, Organic Electronics 7, 
330–336.

(26)	 Valid, B. S., Botka, B., Kamara, K., Zeng, A., Yitzchaik, S., 
2010, Carbon 48, 2773-2781.

(27)	 Zhang, X. J., Tian Y. P., Li, S., Jiang, M., Usman A., Chant-
rapromma, S., Fun H. K.,   2003, Polyhedron, 22, 397-402


