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Abstract. Ionic self-assembly and hierarchies of polymeric structures for fabrication of nanoscale
architectures has been reviewed along with discussions on future perspective. The process of
self-assembly has attained greater scientific interests because of its capability to control fabrication
of macromolecular objects with required morphologies and size, for novel scientific utility. The
scope and opportunity of using these nanoscale materials for various applications such as
electronics, photonics, biomedicinal application, clean energy, organic solar cells, catalysis,
light energy conversion, defense, semiconductor device, etc. have been discussed from the view
point of industrial perspectives. Emphasis has been made to bring to front the relevance of the
process of self-assembly in addressing various issues confronted by human society. Development
attained in various sectors have been discussed under different heading and sub-headings.
Finally a brief concluding remark has been provided describing the future expectations from this
field of research and comments on the frontiers to which the future scope of this interesting filed
of work might expand.

1. INTRODUCTION

Fundamental advances attained in the field of
nanoscience along with the development of newer
methodologies for obtaining multifunctional
macromolecular structures with nanoscale
dimension by harnessing of self-assembly, has
introduced a newer dimension in the field of
macromolecular science. Research activities in the
field continues to expand with the goal of meeting
the global challenges confronted by the society in
various fronts such as the vast need of sustainable
energy, clean air, water, preservation of food stocks,
need of the alternatives for petroleum based
polymeric materials etc. In addition to enabling

technologies, scientists have realized the future
potential of the research in the field of
macromolecular chemistry involving non-directional
(non covalent) weak interactions like hydrogen
bonding, Van-der Wall’s, - interaction etc.  and
generating aggregated species of required
dimension through ionic self-assembly. Development
of new polymeric materials might be an important
step forward in this respect. In fact polymeric
materials can be projected as the most important
class of materials today since the structural features
of such macromolecular framework can be tuned to
obtained materials with desired properties to meet
the growing technological needs. Stepwise covalent



89Ionic self-assembly and hierarchies of polymeric structures generating nanoscale architecture...

synthesis of large molecules has long been prac-
ticed and these processes are time consuming and
laborious apart from other disadvantages such as
low yield of desired products.

1.1. Functional nanomaterials

Functional self-assembled materials are now of
greater interests for applications in electronics,
photonics, light-energy conversion and catalysis.
Interesting nanostructures can be generated by ionic
self-assembly of two oppositely charged species
[1,2]. The electrostatic force existing between those
oppositely charged building blocks leads to the
aggregated macromolecular species and thereby
generating important nanostructures. Porphyrins
and other tetrapyrroles are attractive building blocks
for obtaining such functional nanostructures [3].

Aggregates from some synthetic porphyrins pos-
sess interesting optical electronic properties[4] and
these aggregates sometimes exists in the form of
useful nanostructures like nanorods, nanofibres, etc.
[5]. Incorporation of functional group will help tuning
the properties of such assemblies to obtain materi-
als with desired behavior. Rigid organic linkers may
be used to control the size and shape of such mac-
romolecular framework while the use of flexible linker
might lead to pseudo rigid assemblies and with
undesired polymeric products.[6] similarly
functionalized liquid crystalline assemblies repre-
sents another class of self-organized soft materials
having novel utility. [7]
The availability of new instruments able to “see”

and “touch” at this scale, has encouraged scien-
tists to discover more and more products with novel
utility. Apart from scanning tunneling microscope
with expanded capability of investigation and scan-
ning probe microscope several similar techniques
have evolved from these instruments to observe dif-
ferent properties at nanometer scale. Older instru-
ments such as electron microscopy of course con-
tinued to reveal its relevance and now can image in
the nanometer range. Currently, there are a large
number of complementary instruments that help
scientists in the nano realm.

2. ROLE OF POLYMER SCIENCE IN
MEETING THE CHALLENGES OF
SOCIETAL NEED

2.1. Importance of polymer science for
societal need

Polymer science has greater relevance in fulfilling
many of the societal needs and its importance
continues to grow significantly and paralleled with

the development attained in the field of research in
polymer science. Polymer science has the potential
to address the huge technological challenges
confronted by the society in various fields including
defense and healthcare and have found utility in
various aspects [8]. Indeed polymers have the ability
to serve in many different capacities from major
structural components to high value added
ingredients on the scale of grams. That includes
carbon fiber reinforced thermo sets, different fiber
reinforced plastics, doped polymers and the
composite materials such as Bisphenyl-Polymer/
Carbon-Fiber-Reinforced Composite [9]. With the
successful synthesis of various architectural
components of polymeric materials and with the
increasing ease of understanding, the relationship
between polymeric architecture and material
properties have tremendously increased the scope
of using polymeric material for societal need.
Scientists are now trying to replace the traditional
materials with polymeric ones to meet some diverse
social needs and therefore more exciting results are
waiting in future days. In the field of energy, polymers
expected to serve at least three broad functions: as
components in new energy generating and storage
systems, as lightweight structural materials that
reduce fuel consumption, especially in
transportation, and as more efficient platforms for
separation technologies. Development of lightweight
material will significantly help to reduce mass in
planes, trains and automobiles. Thus, the idea of
next generation polymer membrane [10] are being
introduced for finding out ways for industrial scale
separation of liquids and gases.

The progress attained in the field of synthetic
chemistry has now rendered it possible to synthesis
small molecules to almost any structure.
Subsequently these methods are now being used
to prepare a wide variety of commercial polymers.
Scientists have now developed methods to
assemble single molecules to larger supramolecular
assemblies consisting of many molecules arranged
in a well defined manner. For example self-assembly
of bis(imidaole)-annulated terphenyls disc shaped
molecules to columnar supramolecular order [11].
These approaches utilize the concepts of molecular
self-assembly and /or supramolecular chemistry to
automatically arrange themselves into some useful
conformation.

2.2. Role of polymerized
nanomaterials

Fullerites are the highly incompressible nanotube
forms of which polymerized single-walled nanotubes
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(P-SWNT) are the ones those are comparable to
diamond in terms of hardness [12]. Research works
carried out so far has revealed that single and multi-
walled nanotubes can produce materials with
toughness un-matched in the man-made and natural
worlds [13,14]. James D. Iversion and Brad C.
Edwards have also revealed that possible cross
linking of carbon nanotubes prior to incorporation to
a polymer matrix might lead to a super high strength
polymer composite material which may have tensile
strength of the order of 20 million psi and could
potentially revolutionize many aspects of engineering
design where low weight and high strength is
required [15]. They are used as bulk nanotubes and
the strength of such materials are sufficient for many
applications. Bulk carbon nanotubes have already
been used as composite fibers in polymers to
improve the mechanical, thermal and electrical
properties of the bulk product. Carbon nanotubes in
combination with tiny carbon bulkyballs called
fullerenes, forms solar cells. The bulkyball in such
compounds can grab electrons when excited with
sunlight and the nanotubes like copper wire makes
the electron flow to continue [16].

Combination of conjugated polymer with
nanomaterials of the type for example gold
nanoparticles can lead to kind of molecules which
can potentially increase the sensitivity in optical
biosensors because of the amplification [17] of the
quenching via rapid electron transfer and also
because of electrostatic attraction between the
polymer and nanoparticle. Water soluble conjugated
polymers [18] are thus receiving importance as
components in high-performance fluorescence
sensor applications [19]. The utility of these
luminescent polyelectrolytes in biosensors is favored
by their high absorption coefficients in combination
with high fluorescent quantum yields. Gold
nanoparticles are considered as efficient quenchers
of conjugated polymers fluorescence.

2.3. Role of greener polymeric
materials

Use of greener polymeric materials such as
biodegradable polymer  as a replacement for the
conventional ones are now become inevitable from
the view point of environmental safety and also it
required that the current and future macromolecular
materials are made greener in terms of their
synthesis and processing too. Polymers have find
significant use in our society such as in numerous
bio-medicinal applications including drug delivery
systems, artificial replacement for hip, heart and

prostheses and in tissue engineering. Polymeric
materials can be projected as the most vital
component for diverse societal use. In principle
polymers enables the production of low cost and
portable devices which are suitable candidates as
effective sensors. Polymeric materials have already
encompassing a vast area starting automobile
industry, defense application, sensor application,
organic electronics etc. Polymeric materials are the
most important class of materials today which have
the potential to confront the global challenges faced
by the society in various aspects like demand for
clean energy, sustainable energy source, the need
to supplement, reuse and replace the petroleum
based polymeric materials, technological
advancement required in the fields like health,
medicine, security, defense, etc.

3. SELF ASSEMBLY AND
HIERARCHICAL STRUCTURE AS
FUNCTIONAL OBJECTS

3.1. Process of self-assembly

Stepwise covalent synthesis of large molecules are
often time consuming and a tedious job. Therefore
scientists are now concentrating on the concept of
self-assembly which is based on the interaction that
occur between molecules. The term self-assembly
refers to those processes in which disordered
systems of pre-existing components are converted
into an organized structure by using some specific
local interactions among the components, without
using external direction. Concerted action of weak
and non covalent interaction generates hierarchical
structures through the process of self assembly [20]
The local interaction may corresponds to some
electrostatic attraction between positive and negative
charged particles, hydrogen bonds, dispersion
forces like weak dipole-dipole interaction that are
present in and between all molecules or hydrophobic
effects i.e. non polar bonding in an aqueous solution.
When the constituent components are molecules,
the process is termed molecular self-assembly. Self-
assembly can be a static one or a dynamic one. In
the first case the ordered state forms as a system
approaches equilibrium, reducing its free energy. In
the later case specific local interactions bringing
about the organization of the pre-existing
components. These structures are better described
as “self-organized”.

Thus over the past two decades the concept of
self-assembly has greatly been pursued for
construction of macromolecular architecture with
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interesting physical properties those are showing
compatibility for using in molecular electronics.
Different self-assembled processes have been
developed which can generate supramolecular
nanostructure with internal order and three
dimensional patterns using phase separation of
macromolecules. The process can also help
generating supramolecular assemblies that are two
dimensional, non-centrosymmetric with a large
variety of architecture. Even more complex structure
with hierarchical order can be generated by
integrating the process of self-assembly with internal
forces or external fields. The materials may be
obtained in the form of gels, films, liquid crystal,
nanoparticles and the like.

3.2. Self-assembly of synthetic
polymers

Self assembly of synthetic polymers tend to rely on
dispersive forces. Manipulation of secondary
interactions in addition to other kinetic and
thermodynamic factors may even lead to dynamic
and responsive complex polymeric structures. Block
and heterocopolymers and other hybrid functional
materials and analogous supramolecular
organizations are included in such category.
Complex polymer systems from di- and tri-block
copolymers [21] to hierarchical self assembled
structures can be tuned to produce spherical, rod
like or layered structures. For example One such
rod-rod type self assembled nanostructure obtained
from diblock or triblock molecules of
oligo(ethersulfone)-b-oligoetherketone (OES-OEK)
(Fig. 1) has been reported and synthesized [22].
The observed nanoscale architecture was reported
to be promising for application towards nano- or
microelectronics and templating through
manipulation of the block length and composition.

The enhanced possibility of generating diverse
nanoparticle systems enhances the possibility of
obtaining novel functional polymeric material having
potential application in the field of drug delivery [23],
photonics [24], catalytic [25, 31] and energy
application [26]. Among various processes

Fig. 1. Di- and triblock rod-rod molecules (a) OES-b-OEK (b) OEK-OES-OEK.

developed for the generation of complex polymeric
structures ionic self-assembly is one among the
most prominent ones. Variety of architectural
features can be developed by exploiting the chemical
composition differences within block polymer
systems and tuning the secondary interactions.

3.2.1. Self-assembled block co-
polymers (BCPs)

Block co-polymers (BCPs) are projected to have
extensive technological implications for present and
future technological developments. Block
copolymers when deposited on a variety of
substrates for obtaining thin films, using solution
processing technique, the dissimilar blocks can
separate into distinct domains with controlled
dimensions and functionalities. The organization of
these domains are controlled by factors like
interaction of the BCP with the substrate, film
thickness, etc. [27,28]. Most studies on BCPs are
concentrated on coil-coil block copolymer where
each block is a fully flexible polymer chain. The self-
assembled domain shapes for such BCPs can be
tuned by adjusting the relative volume fraction of
each block, degree of polymerization, etc. [27]. This
feature project BCPs as a potential candidate for
generating variety of materials using self-assembled
BCPs with various pattern. Templating of magnetic
materials[29], nanoparticles[30-33] and continuous
thin films[34], by tuning the patterning of diblock
copolymers, are thus reported in literature. Self-
assembled hierarchical structural patterns of block
co-polymers are having promising technological
applications and are being utilized in the fields like
microelectronic manufacturing, photovoltaic cells
etc. of which the former is already approaching
commercialization [35]. BCPs are amenable to
solution based processing methods and this
property is exploited in working out the above
applications. While the use of solar cells for
photovoltaic applications are turned out to be an
expensive one, polymer based photovoltaic presents
a more scalable and inexpensive alternative [36].
BCPs are thus inexplicably can be used for
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Fig. 2. Ideal morphology of an OPV cell. Blue: acceptor domains Red: donor domains. The width of each
domain is compatible to the exciton diffusion length (Color online).

generating Organic Photovoltaic Cells (OPV). BCP
provides a promising way to generate a structure
as shown in Fig. 2. When processed in films the
donor and acceptor block forms separate domain
leading to structures approaching idealized vision
[35].

Despite the drawbacks associated in those
processes, the worthy point to be mentioned in this
regards is their lower cost of production. The self-
assembled architecture of BCPs is also found useful
in the field of optical lithography [37]. The hierarchical
structures generated by the process of self-
assembly in BCPs can thus lead to promising
nanoscopic functional materials with long range
order and robust etch resistance and also can
generate diverse pattern which might have
tremendous technological im]lications for today’s
and tomorrow’s technological world.

3.3 Biomolecular self-assembly

Another interesting aspect to be highlighted in this
respect is biomolecular self-assembly. Biomolecular
materials can undergo self-assembly [38], a process
in which a complex hierarchical structure is
established without external intervention. One of the
best examples of biomolecular self-assembly is the
long protein molecules which fold themselves into
complicated three-dimensional structures. Research
on self-assembly of bio-molecular materials is an
exciting new discipline lying at the intersection of
molecular biology, the physical sciences, and
materials engineering. Bio-molecular materials are
those whose molecular-level properties are
abstracted from biology i.e. they are structured and
processed in a way that is characteristics of

biological materials, but they are not necessarily of
biological origin. Research on bio-molecular self-
assembly can help us obtaining newer functional
materials with greater technical importance. The
most interesting point is that if the principle of bio-
molecular self-assembly can be extended to modern
material synthesis. Directly mimicking biological
systems or processes might help to achieve such
goal or otherwise study of how nature accomplish a
task or how it creates a structure with unusual
properties and then applying similar techniques in
a completely different context or using completely
different material could help attaining such
objectives. Study of laminated structure of clan shells
and application of analogous principle to design metal
ceramic composite twice strong as other
composites constitutes an example of this kind [39].
Highly ordered and tougher materials compared to
its natural analogue could be generated from such
approach. So successful application of the findings
of the phenomena of biomolecular self-assembly
towards obtaining hierarchical structures and hence
functional materials will have significant impact on
materials and process.

3.4. Hierarchical structures for
generation of functional materials

Hierarchical structures using charges provide newer
opportunity to meet the challenges of generating
highly ordered structure. Controlled multilayer
assembly methods combine different polymer
backbone in nanoscale blend. The morphology of
such structures can be controlled using inter-
diffusion of charged species during assembly. The
enhanced capability attained with the development
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of science in controlling the chain length distribu-
tion of polymeric structures, branching and archi-
tecture, stereoregularity and precisely located func-
tional groups equally enhances the possibility of
obtaining intelligent functional materials which might
successfully address the global challenges faced
by the human society in many important fields. In
this respect hierarchical structure using charges
provides us the newer opportunities to generate
controlled multilayered assembled structure with
nanoscale dimension. Of course, in such cases the
possibility of undesired aggregation or complexation
of the charged species can lead to some other sort
of complexities. In such cases use of sophisticated
chemistry can help attaining control over such
phenomena to obtain molecular architecture with
desired functional behavior.

The concept of molecular assembler has lead to
the development of molecular nanotechnology, also
known as molecular manufacturing, where nanoscale
objects can be produced with desired morphology.
This has clear distinction from the conventional
technologies used to manufacture nanomaterials
such as carbon nanotubes and nanoparticles.
Nanoscale materials can also be used for bulk
applications; most present commercial applications
of nanotechnology are of this f lavor. DNA
nanotechnology utilizes the specificity of Watson-
Crick base pairing to construct well-defined
structures out of DNA and other nucleic acids. In
it’s true essence the conce]t of molecular self-
assembly seeks to utilize the concept of
supramolecular chemistry, and molecular
recognition in particular, to force single molecule
components to automatically arrange themselves
into some useful conformation. It has also been
anticipated that molecular self-assembly techniques
such as those employing di-block copolymers [40]
can be used for fabrication of nanowires, which are
being used in semiconductor fabrication such as
deep ultraviolet lithography [41]. Newer techniques
such as Dual Polarisation Interferometry [42] are
enabling scientists to measure quantitatively the
molecular interaction that take place at the nano-
scale.

Multifunctional nanosystems possess several
features within a single construct which renders it
possible for such device to target tumour or other
disease tissue, facilitate in vivo imaging, and deliver
a therapeutic agent [43]. Such type of nanosystem
obviously creates new hope for the cancer patients
and therefore tumour targeted nanosystems are
currently gaining more importance in the field of
research. Following fabrication, the surface of these

nanostructures are functionalized for passive or ac-
tive targeted delivery to the tumors. The phenom-
ena of self-assembly allows integration of compo-
nents with varied properties into a useful
nanostructure. Thus self-assembly of macromolecu-
lar building blocks with specific functionalities in
aqueous media can yield a large variety of
nanoparticle systems which can be screened fur-
ther for its efficiency towards delivering therapeutic
agents to targeted tumors. Another approach was
suggested by the same school of workers where
they emphasized on synthesizing a library of large
number of polymeric materials using different mono-
mers and then screening the individual polymers for
their potentiality towards nanoparticle fabrication.
Design of such type of nanoscale objects with
favourable properties and diverse application poten-
tial specifically in the field of cancer treatment will
definitely be a commendable job.

4. IONIC SELF ASSEMBLY AS A MEAN
FOR FABRICATION OF
NANOSCALE OBJECTS

4.1. Fabrication of patterned
nanoparticles from di- and
triblock co-polymer

Fabrication of nanoscale objects, especially pat-
terned nanoparticles are generally difficult to pre-
pare by conventional fabrication techniques. Com-
plex polymer systems from di- and tri-block co-poly-
mers to hierarchical self-assembled structures can
be used for fabrication such patterned nanoparticles
having tubular, spherical, rod like or layered struc-
ture. The difference in chemical compositions of di-
an triblock copolymers facilitates the generation of
highly specific and spatially localized region during
colloidal assembly. The enhanced possibility of gen-
erating diverse nanostructures increases the poten-
tial utility of such fabricated structures for applica-
tions like drug delivery system, in photonic, energy
applications, catalysis, etc. [44]. For fabrication of
such architectures, self-assembly has been used
as a guide in producing nanostructured materials
where the selection of the interactions that will guide
the assembly and the choice of processing tech-
niques will finally guide us to the observed
nanostructure. Precise fabrication of two and three
dimensional materials with nanometric control and
development of a environmentally benign process-
ing techniques always remains as a challenge be-
fore the scientific community which possibly can
be addressed using the concept of self-assembly.
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Even self-assembly can generate three dimensional
structures but with limited set of symmetries.

4.2. Ionic self assembled multilayer
(ISAM) technique for
nanoarchitecture

Ionic self assembled multilayer (ISAM) provides a
precisely controlled way of producing nm thick thin
film on any charged species [46-49]. ISAM
technique is largely independent of the nature, size
and topology of the substrate and various substrates
including glass, silicon, metal, organic/inorganic or
metal nanoparticles, etc. can be used. Thus ISAM
based gold films has significant importance for future
technological advancement. Composite gold film
consisting of gold nanoparticles and polyelectrolyte
was fabricated through ISAM technique to nm
thickness and was deposited on an end-faces of
multimode optical fibers to construct Localized
Surface Plasmon Resonance (LSPR) [50]. Surface
Plasmon resonance (SPR) is the phenomena of
collective oscillation of valence electrons in a solid
stimulated by incident light. SPR in nanometer sized
structures is called localized surface Plasmon
resonance (LSPR). The ISAM deposition process
also known as layer by layer (LBL) technique is
shown in Fig. 3 [48,51-54]. The LSPR spectrum
obtained in this case can be tuned through ISAM
technique and it was demonstrated that the ISAM
adsorbed on optical fibers potentially provides a
simple, fast and cost effective way of obtaining
biosensors.

LSPR is sensitive to change in the local
dielectric environment and hence studied
extensively for use in optical spectroscopy and
biosensor application [55].

Fig. 3. ISAM film deposition process of first two layers.

4.3. Ionic self-assembly for porphyrin
based nanodevice and polymeric
structures

Porphyrins can easily assemble into a variety of
supramolecular architectures. The fact that porphyrin
can accommodate a metal ion in their centre through
coordination to four nitrogen atoms, renders such
architectures potentially useful for generation of
materials with particular electronic properties. For
example ionic co-assembly of sulfonate and
pyridinium porphyrins results in a binary dendritic
architectures that resemble four-leaf clovers [56].
Depending on the metal occupying the central cavity
of the porphyrin ring, the prophyrin cores are either
electron donor [with Zn(II)] or electron acceptor[with
Sn(IV)]. Porphyrin nanotubes obtained through ionic
self assembly of two oppositely charged porphyrins
namely anionic meso-tetra(4-sulfonatophenyl)
porphyrin dihydrochloride (TPPS4) and cationic
Meso-tetra(4-pyridyl) porphyrin (T4MPyP)shows
appreciable structural stability due to the
electrostatic force between the porphyrin blocks.
Porphyrin nanotubes are capable of reducing metal
complexes and deposit gold selectively on the outer
surface of the tubes. The colloidal solution of gold
nanoparticles lead to gold strip inside nanotube.
Investigations carried out on these porphyrin
nanotubes and nanotubes functionalized by gold
reveals the possibility of obtaining a new kind of
nanodevice for photovoltaics, nanophotonics and
sensing [57].

The concept of ionic self-assembly has also been
extended to design and generate polymeric
structures for obtaining redox-active thermotropic
liquid crystalline materials. Such a series of material
were constructed from the complexation of a series
of polyferrocenylsilane (PFS) polyelectrolytes with
several oppositely charged surfactants (Fig. 2) [58].
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An ordered mesostructure was obtained for such
materials due to strong coulombic attractions
between the starting building blocks. The technique
also allowed incorporation of photoactive
azobenzene containing surfactant for obtaining
ordered mesostructures with potential
optoelectronic applications.

5. SELF-ASSEMBLY IN DENDRITIC
ARCHITECTURE AND
FABRICATION OF NANOSCALE
OBJECT

5.1. Importance of dendrimer as
nanoscopic building blocks

Dendrimers are the most interesting nanoscale
architectures [59]. Dendrons and dendrimers are
organized polymeric structures having repeating
branched building blocks and their structures are
monodisperse. Unlike dendrons, dendrimers are
structures in which a number of dendrons are
attached to a single core unit. The ease of chemical
synthesis and structural control attained with such
polymeric architectures along with the ease of
functionalization of the branched and peripheral
groups projects them as potential candidate for
nanotechnological applications. Dendrimers and
dendrons are therefore can also be considered as a
family of nanoscopic building blocks [46].
Amphiphilic dendrimers containing an extended rigid
block represents a class of self assembling systems

which are increasingly used for the construction of
supramolecular architecture with well defined shape.
The phenomena of self-assembly of dendritic
molecules can help fabrication of nanoscale materials
with novel utility. Bulk nanoscale self-assembly of
organic matter is promising for using as scaffolds
for photonic materials and other intelligent
components of molecular electronics. Dendrons and
dendrimers are particularly versatile in generating
such periodic nanostructures. Self-assembly of
nanosized dendritic supramolecules around a
template system can generate a system having the
capability of controlled encapsulation and release
of active ingredients. Non covalent intermolecular
dendron-dendron interaction can even lead to
hierarchical assembly of nanostructured materials.
For such systems the molecular scale information
are being expressed in macromolecular scale and
hence finds application in material science. Multiple
surface groups available in such architecture provide
multiple interactions with large surfaces analogous
to those found in biological systems. The possibility
of multivalent interaction between dendron surfaces
and biological molecules opens up the scope of using
such architectures for medicinal therapies.
Nowadays a broad range of dendrimers are available
and some of them are even available commercially,
and have found to be promising towards important
chemical processes and also as drug or gene
delivery devices, as carriers for catalytically active
site in flow reactors and also as chiral auxiliaries for
asymmetric synthesis.

Fig. 4. Self-assembled dendritic architecture.
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5.2. Hierarchical self-assembly in
dendritic architecture

Zimmerman et. al. in 1996 reported the first example
of non covalent interaction between dendron
molecules that assembled the individual dendrons
into a supramolecular dendritic architecture [60].
They reported self-assembly in a Dendron which was
resulted due to the hydrogen bond mediated
carboxylic acid dimerization to form hexameric
rosette. They demonstrated how the dendritic
building blocks can self-assemble in a controlled
manner and how the dendritic branches exerted
direct control over the self-assembly process. They
used an organic template to direct the dendritic self-
assembly process via anthyridine-amidinium
interactions (Fig. 4) [61]. They assembled a
supramolecular dendrimer with a mass of over
10,000. The template cation choosed for the purpose
is active against Pneumocystis carinii pneumonia.
This example demonstrates the way how
supramolecular dendrimer can be assembled by
using individual dendrons around active cores.
Research groups of Reinhoudt and Frechet also
reported supramolecular dendrimers based on
hydrogen bonded hexameric rosettes [62].

Research group of D.K. Smith have advocated a
unique microenvironment for the template species
just like what was being observed for covalent
dendritic encaptulation [63].Investigation carried out
by this group on the interaction between a polybasic
hydrophilic dye and a Dendron with an acidic group
at the focal point indicated that  the hydrophilic dyes
could be solubilized in apolar sovents in which they
otherwise have no solubility and with increasing
Dendron generation the solubility of the dye also
increases [64] it was proposed that the acid base
interaction generated a complex in which the
hydrophilic dye was encapsulated within a non
covalently generated dendritic microenvironment.
Optical properties of the dye were also found to be
modified by the process.

Works carried out by the research group of D.K.
Smith also demonstrated the ability of
supramolecular chemistry to assemble nanoscale
architecture using simple biocompatible building
blocks and reversibility of non covalent assembly
methods [65]. Hierarchical self-assembly of dendritic
molecules produces even more interesting
architectures such as supramolecular gels [66].
Dendrimer molecules are of particular interest for
the formation of gels and simple Dendron type
architectures. They have a much greater
predisposition for gelation than fully formed spherical

dendrimers. The control of different structural pa-
rameters those assist the hierarchical self-
assembly of dendritic molecular building blocks
helps obtaining gels with a variety of properties. This
fact other way indicates the power of this kind of
system in the ‘bottom-u]’ fabrication of controlled
nanostructures. The factors such as acid-base
interaction, dendrimer generation, spacer chain,
solvent, gelator surface group, molar ratio of
components etc. play the significant role for
fabrication of such architecture.

5.2.1. Electrostatic self-assembly in
PAMAM dendrimers

Rotello et. al. employed PAMAM dendrimers of
different generation to assemble gold nanoparticles.
In this case direct control of inter particle separation
was achieved through the choise of dendrimer
generation. For this purpose gold nanoparticles were
functionalized with carboxylic acid group. Salt-bridge
formation between the dendrimer amino groups and
the NP peripheral carboxylic acid groups led to
electrostatic self-assembly between the dendrimer
and NP components resulting in well-controlled
aggregates (Fig. 5) [67]. These dendrimer mediated
gold nanoparticle assemblies open the door to
create tailored magnetic nanoparticle structures  [68]

Thus dendritic architectures are interesting
building blocks for exploiting for the formation of
nanostructured systems. By effectively tuning the
noncovalent interaction, it is possible to obtained
self-assembled nanosized supramolecular
dendrimers and such systems are potentially useful
for controlled encapsulation and release processes.
Non-covalent interactions between the branches of
adjacent dendritic systems can give rise to
hierarchical self-assembly of nanostructured
materials having prospects for application in
important fields.

5.3. DNA binding systems from
dendrimer self-assembly

It is noteworthy that binding of DNA using dendritic
system is of potential therapeutic relevance since
that is helpful for delivery of therapeutic DNA into
the cells, the so called gene therapy [69]. Gene-
therapy may provide some way for the treatment of
the diseases like sickle cell ammonia, cancer, cystic
fibrosis, etc. The use of high generation
poly(amidoamine) (PAMAM) dendrimers to bind and
transfect DNA has already been indicated by the
groups of Tomalia and Szoka [70]. Later on wide
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Fig. 5.  Schematic representation of electrostatic self-assembly of carboxylic acid terminated gold nanoparticle
and PAMAM dendrimer.

range of DNA binding system was developed [71].
In all the cases interaction between protonated
amines and polyanionic DNA for the formation of
dendrimer-DNA complex was of prime importance.
Diederich et. al. thus reported about a small dendron
capable of self assembling and binding to DNA (Fig.
6) and which again employed protonated amine
surface group to bind  to the anionic DNA [72].
Additionally it has hydrophobic tails to encourage
the process of self-assembly.

So this type of dendritic molecules with tailored
surfaces can be of greater interest in biological ‘soft
nanotechnology’ with ]otential a]]lication in
medicinal chemistry. New type of therapeutics can
possibly be generated through precise control of the
interaction with biological target as well as the
structural control of the dendritic moieties. Further
there is scope for utilizing these very high affinity of
DNA binders for the encapsulation and protection
of genetic materials.

6. SELF ASSEMBLED LIQUID
CRYSTALLINE NANOSTRUCTURE
FOR ORGANIC ELECTRONICS

6.1. Liquid crystalline nanostructure
as soft materials

Soft materials are getting enormous importance as
functional materials because of their dynamic nature;

despite the fact that they are not as highly durable
as hard materials. Introduction of orders to soft
materials induces newer dynamic functions. Liquid
crystals are ordered molecular entities consisting
of self organized molecules and can be used as
potential functional material in various fields.
Appropriate functionalization of liquid crystalline
materials will allow design of variety of new self-
organized functional materials having application in
various industrial perspectives. Liquid crystalline
materials can exists in various nanostructured
phases, such as layered, micellar, bicontinuous,
columnar, cubic etc. which are formed by
segregation of immiscible parts in molecules on the
nanometer scale [73]. These soft materials are
gaining importance  in various fields of advanced
technologies [73(a), 74] and have the potential
applicability as dynamic functional materials for
information and mass transport, sensing, catalysis,
stimuli responsive as well as electro-optical displays.
Discotic liquid crystals are promising alternatives
for use in electronics because they can self-organize
into highly ordered superstructures via -interactions
[75]. In these structures molecules assemble into
columnar structures which form a percolation
pathway for electrons and holes [76]. High charge
carrier mobility along the one-dimensional stacks
have been measured with values of up to 1.1
cm2 V-1s-1 for hexabenocoronene (HBC) liquid crys-



98 A. Puzari and J.P. Borah

Fig. 6. Dendron reported by Diederich et. al. that binds through self-assembly with DNA.

tal in the crystalline state [77].Design of newer mol-
ecules and self assembled structures from nano to
macro scale is important to obtain dynamic func-
tional molecules [73(a),78].Functional behavior of
the molecules developed depends on the control of
nano segregation at the molecular scale in the ther-
modynamically stable single phase which is com-
pletely different from macrophase separation form-
ing thermodynamically different phases.

6.2. Self-assembled nanoscale
architectures from liquid
crystalline compounds

Self assembled nanoscale architecture from liquid
crystalline compounds can be obtained by using
specific molecular interactions like ionic bond,
charge transfer interactions and hydrogen bonds [79-
84]. The highly ordered arrangement of liquid
crystalline assemblies improves the ionic
conductance in such material. Ionic liquids are
potential candidates for application in
electrochemical devices and also in catalysis. Self
assembly and phase segregation of an ionic liquid
crystal (Fig. 7) into columnar liquid crystalline
structures was reported that possess inner ion-
conducting paths [85].

These columnar phase are stable over a wide
temperature range including room temperature.
Anisotropic measurements of ionic conductivities
reveals higher ionic conductivities as well as higher
anisotropy for these materials and these constitute
the first example of 1D ion conduction in organic
materials [86].

Self-assembly of liquid crystalline molecules can
lead to a variety of phase-segregated structures in Fig. 7. The columnar ionic liquid crystals.

soft states and control of their structural organiza-
tions to nanoscale dimension yields new complex
nanostructures and induces new functions like
charge conduction [87]. Nano segregation is a key
for obtaining nano structures with desired dimen-
sion. Molecular assemblies in liquid crystalline ion
complex polymers show interesting thermal prop-
erties and characteristic orientational behavior, where
ionic group plays significant rule in forming the
smectic layer and enhancing thermal stability [88].
For discotic liquid crystalline polymers induction of
chirality to columnar achiral donor polymers through
doping with chiral acceptors, produces important
assembled structures [89]. Similarly molecular self-
assembly in supramolecular helical dendrimers can
produce complex electronic materials [90]. Electro
active films can be generated through self assem-
bly of polymerizable ionic amphiphiles (A) and the
water soluble precursor (B) of conducting polymers
as represented in Fig. 8, into columnar structures
[91]. Nano segregation in such type of assemblies
improves the photo-physical properties. Formation
of columnar liquid crystalline structures having in-
ner ion-conducting paths was reported where ionic
liquid crystals possessing ionic imidazolium salts
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and hydrophobic alkyl moieties, were employed [85].
The phases obtained are stable over a wide range
of temperatures including room temperature. By
applying mechanical shearing between gold elec-
trodes it is possible to observe higher ionic conduc-
tivity as well as anisotropy in ionic conduction from
such materials. Liquid crystalline structures can also
be applied to obtain photonic materials. Thomas and
co-workers have prepared temperature-tunable pho-
tonic materials from liquid crystalline materials hav-
ing a band gap in the visible region [92]. The phe-
nomena of self-assembly along with appropriate nano
segregation in liquid crystalline materials might yield
important functional material which can be conceived
as having proper relevance from industrial perspec-
tives.

6.2.1. Liquid-crystal composite
materials

Liquid-crystal composite materials, a new type of
self organized soft solid, are also known and one of
this category of materials are being constructed from
liquid crystals and self assembled solid materials
made of low molecular weight organic compounds
[93] or nanoparticles [94]. This type of soft materials
have improved electro-optical properties. For
example liquid crystal triphenylene derivatives which
can function as anisotropic photoconductors get
improved its photo conductivities through physical
gelation [95]. It is to be noted that liquid crystalline
physical gels are composite materials formed from
liquid crystalline material and self assembled fibers
from low molecular weight organic compounds.

6.3. Self-assembly in liquid crystalline
dendrimers

Liquid crystalline dendrimers are also another
potential class of materials which are capable of
self-assembling into nanoscale dimension to
generate newer functional molecules [96]. Fullerene
containing liquid crystalline dendrimers has inter-

Fig. 8. Polymerizable amphiphiles(A) and precursor of conducting polymer (B).

esting physical properties and therefore can encour-
age enthusiastic studies in the field of supramo-
lecular chemistry and materials science through
design of newer self organized structures contain-
ing the fullerene unit. Especially this process of self-
assembly using supramolecular interactions might
help generation of nanoscale architecture from func-
tional groups which are otherwise not well adapted.
Control of dendritic generation will help tuning the
properties of such supramolecular architecture and
to compensate the negative effect of bulk C

60
 unit,

incorporation of enough mesogenic subunit in the
dendritic addend is essential. Fulleropyrollidines, as
shown in Fig. 9, are representative examples of such
type of soft materials. Fulleropyrrolidines are im-
portant class of C

60 
derivatives which are even ad-

vantageous than the methanofullerenes as they can
produce a stable reduced species having potential
towards development of fullerene based redox mo-
lecular switches. The functionalization of C

60
 with

liquid crystalline addends constitutes an appropri-
ate method for the elaboration of fullerene contain-
ing thermotropic liquid crystals. Appropriate selec-
tion of the dendritic addends can provide a mean to
prepare tailor made fullerodendrons through proper
control of the dendrimer generation. Attachment of
suitable substituent to the N-atom of the
fulleropyrrolidine can generate nano architecture that
may be suitable for photovoltaic applications or
supramolecular switches [97].

The capability of dendritic liquid crystalline com-
pounds to self assemble to well defined and
nanosized architecture have continually increases
their importance in material science and serve as
an interesting and fascinating motif in nanoscience,
nanotechnology and other interdisciplinary field.
Thus ionic derivatives of linear carboxylic acid with
poly (amido amine) (PAMAM) or poly(propylene
imine) (PPI) liquid crystalline dendrimers are
modified to obtain birefringent glasses at room
temperature and viscous smectic A phase at higher
temperature [98]. These dendrimers possess ter-
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Fig. 9. Representative examples of Fulleropyrrolidines (Generation 3; G-3).

Fig. 10.  Structural representation of polymer PBTTT.

minal flexible alkyl carboxylic acids separated by a
region of high density of the ionic ammonium car-
boxylates and these LC dendrimers may find inter-
esting application as anisotropic ionic conductive
material [99]. According to Percec and his group,
when electron acceptor or donor organic groups are
placed at the focal point of suitable dendrons, the
supramolecular organization in such cases
produced liquid crystalline dendrimer with high
charge carrier mobility. The materials produced could
have interesting electronic and opto-electronic
applications [100]. Metallocenyl dendrimers
because of their electrochemical properties have
attracted much attention in the field of molecular
electronics.

6.4. Self-assembled liquid crystalline
polymers as functional materials

Liquid crystalline materials are apparently been used
in electronic and photonic devices such as
transistors, photovoltaics, OLEDs and Lasers [101].
Organic photovoltaics and OLEDs require
optimization of both charge transport and optical
properties. OLEDs are widely available in mobile
phones, and niche lighting markets are opening for
white-light panels using organic
electroluminescence. The phenomena of self-
assembly of liquid crystalline phases has lead to
the development of liquid crystalline semiconducting,
thiophene polymers and copolymers many of which
contain thienothiophene groups (Fig. 10) [102-107].
One example of polymer of this kind is the polymer
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poly2,5-bis(3-alkylthiophene-2-yl) thieno [3,2-b]
thiophene (PBTTT) which is shown in figure-10  [101]
This polymer shows exceptionally high field effect
mobility up to1 cm2 V-1S-1.

Such polymers exhibit a mesophase above room
temperature associated with lower side chain
density then the prototype semiconducting polymer
poly3-hexylthiophene (P3HT), which allows inter
digitations of the non conducting side chains. On
annealing to the mesophase the backbone can
easily move to produce a more organized structure
and hence removing defects which ultimately
improves the semiconducting behavior. Upon cooling
the side chain crystallizes to maintain a higher level
of order and layer structure and that increases the
capability of the molecule for using in OFET.
Improvement in the orderings of both aliphatic part
and polymeric backbone in such type of ordered
molecular architecture also allows very high value
of charge carrier mobility in polymer based OFETs.

7. IONICALLY SELF-ASSEMBLED
HYBRID NANOSTRUCTURES FOR
INDUSTRIAL APPLICATION

Hybrid materials represent systems comprising of
mixtures of organic and inorganic material like
polymers and other materials, such as organic and
inorganic additives are finding increasingly
importance due to their superior properties.
Hierarchical structures using charges provide new

Fig. 11. Diagram showing experimental setup for monitoring the deposition of PDDA/PS119 multilayer onto
optical fibers and illustration of assembled multilayer at the end of optical fiber.

opportunities to design novel molecular functional
materials with higher order. Controlled multilayer
assembly methods allow us to combine different
polymer backbones in nanoscale blend to obtain a
broad range of inorganic/organic hybrid materials
with controlled compositions. Manipulation of
morphology of such systems can be readily
performed through inter diffusion of charged species
during assembly and also by controlling other
additional interactions like hydrogen bonding. Such
type of molecular design helps attaining the key
technological goals like obtaining eff icient
photovoltaics, improved polymeric semiconductors,
improved organic solar cells, obtaining superior
photonic and electronic materials etc. Ionic self
assembly or more generally speaking self-assembly
process can act as a guiding principle for design of
such macromolecular species with higher degree
of order and superior functional behavior. A large
variety of hybrid materials are obtained[108-109]
which include organic groups (alkyl, aryl..), chelating
systems (cyclames, crown ether, porphyrins) and
polymers. All these systems are covalently bonded
to the inorganic matrix [110].

Such ionically self assembled hybrid materials
not only represent a creative alternative to design
new materials and compounds for academic
research, but their improved or unusual features also
make them important for innovative industrial
applications. Evidently these new generations of
hybrid materials, born from the very fruitful activities
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in this research field, will open up possibilities for a
large area of applications including optics,
electronics, ionics, mechanics, energy,
environment, biology, medicine, as membranes and
separation devices, functional smart coatings, fuel
and solar cells, catalysts, sensors, etc.

A recent review highlights the current development
of hybrid materials based on semiconductor
nanocrystals integrated into polymer matrices for
direct light conversion  [111]. Semiconducting
nanocrystals are smart materials with unique size-
dependent optical properties and therefore are
promising for application in photovoltaics, Light
Emitting Diodes (LED) and other optoelectronic
applications, memory devices, thermoelectric
applications etc. Colloidal semiconductor
nanocomposites can form various hybrid materials
when integrated into different host materials including
polymer. By integrating these materials into polymer
matrices one can obtain newer materials with tailored
properties. For example first hybrid nanocomposite
polymer Light Emitting Diode was reported by Colvin
et al. [112] in 1994 where they integrated cadmium
selenium nanocrystals with semiconducting
polymer. Since then significant progress have been
attained in this field.

8. IONIC SELF-ASSEMBLY FOR
FABRICATION OF OPTICAL
COMPONENTS AND COMPOSITE
MATERIALS

Electronic Humidity sensor has been extensively
used as a well-established tool for many years.
However, in some circumstances, the measurement
of humidity using fiber optical sensor is desirable
and additionally optical sensor can offer many
advantages over conventional electronic sensor [113].
Deposition of ionically self-assembled polyelectrolyte
thin film on optical fiber was demonstrated by Hai
Hu et. al. where it was observed that the behavior of
polyelectrolyte thin film vary in different humidity
environment [Fig. 11] [114]. Multilayer thin films of
alternately adsorbed of polyelectrolyte PDDA ( poly
diallyldimethylammonium chloride) and PS-119
(polymeric dye poly s-119) were formed on optical
fibers through the ionic self-assembly technique.
Intrinsic Fabry-Perot cavities were fabricated by
stepwise assembling the polyelectrolytes onto the
ends of optical fibers for the purpose of fiber optical
device and sensor development. Ionically self-
assembled polyelectrolyte multilayer thin films, in
which there are hydrophilic side groups with strong

affinity towards water molecules, represents a cat-
egory of humidity-sensitive functional materials.

The remarkable electrical and mechanical
properties of carbon nanotubes make them useful
for a variety of applications such as chemical and
biological sensors, interconnects, electrodes,
supercapacitors, and fuel cells. Nanotubes have
also been used as fillers for polymer composites;
however, conventional techniques to prepare
nanotube based composites require various
functionalization schemes in order to obtain a good
interface between the polymer and the nanotube
surface. Sandeep Razdan et al. present a process
for synthesizing ionically self-assembled
polyelectrolyte-complex-based carbon nanotube
fibers using a simple noncovalent stabilization of
carbon nanotube aqueous dispersions where no
surface functionalizations of the nanotubes were
necessary [115]. The polyelectrolyte-carbon
nanotube composite fibers have mechanical,
electrical and chemical properties which make them
a choice of materials in applications such as
biosensors, chemical electrodes or flexible
electronics. The fibres showed reasonable strength
and conductivity as high as 45 S/cm for single-walled
carbon nanotubes and 80-90 S/cm for multiwalled
carbon nanotubes, due to the presence of an
interconnected network of carbon nanotubes
embedded inside the fibres.

There is a sustained interest toward the
development of high-quality and robust optical
components that would enable the further integration
of photonic systems. Photonic crystals offer a
promising platform for the manipulation of light
compared to traditional methods relying on total
internal reflection [116]. Development of a fabrication
of platform that enables the use of ionically self-
assembled monolayers (ISAM) films in photonic
devices has also been reported [117]. More
specifically, the use of Nanoimprint lithography (NIL)
to pattern the NLO-active polyanion, Poly{1-[4-(3-
carboxy-4-hydroxyphenylao)benenesulfonamido]-
1,2-ethanediyl, sodium salt}(PCBS) was
demonstrated and was used in conjunction with the
NLO-inactive polycation, Poly(allylamine
hydrochloride) (PAH) for the synthesis of the (ISAM)
films. Photoelectron and infrared spectroscopy
confirmed that the chemical composition of the films
was not affected by the heating cycle required by
NIL. In addition, measurement of the Second
Harmonic Generation (SHG) also confirmed that the
NIL process did not affect the alignment of the
chromophores responsible for the nonlinear
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properties of the material. These observations con-
firm that these types of materials are suitable to be
patterned by nanoimprinting, a key feature that
would enable the cost-effective manufacturing of
nanophotonic devices leveraging these materials.

9. CONCLUSION

There are lot more expectations from this field of
research. Scientists are of the view that research in
the field of nanotechnology will enable the world
community to have faster computers, cheap
production of goods and medical breakthrough.
Nanotechnology is expected to appear in products
such as tennis rackets, self cleaning cars,
cosmetics, food, paints, etc. Scientists are also
claiming the possibility of obtaining faster
computers, cheap production of goods, and medical
breakthroughs by exploiting the newer opportunities
associated in this field. Self-assembly provides a
useful and effective strategy for organizing
nanostructure into more ordered structures.
Formation of more complex aggregates and
structured aggregates might lead to intelligent
materials with significant functional characteristics
those are different from simple nanoparticles. The
process of ionic self-assembly and hierarchies may
revolutionize in industrial sector encompassing
almost all aspects with small wonder and endless
frontiers. This might prove as one of the major drivers
of economic growth for future development of
mankind.
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