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Introduction. One of the necessary prerequisites for the successful application of
nanotechnology is the ability to direct the self-assembly of nanoscale structures into ordered
arrays. Presently, mere dispersion of nanoscale objects in polymeric materials is a critical
manufacturing and technical hurdle, which must be overcome in a wide variety of industries. In
this NIRT, we will develop technology that allows for dispersion, building on preliminary results
that suggest interesting thermodynamics at the nanoscale, and for accurate control over the
location of the dispersed nanoparticles leading to the next generation of nanostructured materials
and devices. We will develop a range of strategies that allow for precise placement, and not
merely dispersion, of nanoparticles within polymeric materials and devices that will enable this
blossoming field to progress to the next level. The ultimate result of this research will be guided
dispersion of nano-scale objects within the bulk, near surfaces or within confined geometries
enabling the controlled design of materials and subsequent device manufacture.

A unique team with expertise in synthetic chemistry (Hawker, Wooley), polymer
science/characterization (Assink, Celina), computer simulation of nanomaterials (Frischknecht,
Tomanek) and engineering (Mackay) has been assembled to develop an efficient and general
approach to the dispersion and assembly of nanoscale objects such as: nanoparticles, decorated
dendrimers, hyperbranched polymers, intramolecularly crosslinked polymers, uniquely shaped
nano-objects (toroids) and fullerenes; within chemically dissimilar polymeric materials. The
results of this research will allow new materials to be developed with improved properties and,
ultimately, will serve as a general guide to the fabrication of devices based on nanoscale objects.
Through application of principles determined from our fundamental studies, current technical
challenges with nanoparticle-polymer dispersions will be overcome, permitting true realization
of complex nanomaterials and nanodevices.

Dispersion. Traditionally, the dispersion of particles in polymeric materials has proven difficult
and frequently results in phase separation and agglomeration. We have found that
thermodynamically stable dispersion of nanoparticles into a polymeric liquid is enhanced for
systems where the radius of gyration of the linear polymer is greater than the radius of the
nanoparticle. Dispersed nanoparticles swell the linear polymer chains, resulting in a polymer
radius of gyration which grows with the nanoparticle volume fraction. It is proposed that this
entropically unfavorable process is offset by an enthalpy gain due to an increase in molecular
contacts at dispersed nanoparticle surfaces, as compared to the surfaces of phase-separated
nanoparticles. Even when the dispersed state is thermodynamically stable, it may be inaccessible



NSF Nanoscale Science and Engineering Grantees Conference, Dec 4-6, 2006

Grant # : 0506309

unless the correct processing strategy is adopted, which is particularly important for the case of
fullerene dispersion into linear polymers. The results of this study are summarized in the figure

below.!
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Assembly. Self assembled, ultrathin films function as membranes and sensors as well as
photovoltaic devices and structural elements, exemplifying their ubiquitous nature and
application. Layered self-assembly of amphiphilic materials using the Langmuir-Blodgett
procedure is well known and more recently electrostatically driven Layer-by-Layer or LbL
assembly of polymeric multicomposites has been demonstrated. In the LbL approach the
fabrication of polymeric multilayers is achieved by consecutive adsorption of polyanions and
polycations and hence is driven by electrostatic forces to achieve monolayers whose thickness is
dictated by the polymer geometry. Extension of the LbL method to self-assembly of alternating
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layers of polymers and nanoparticles significantly extends the scope of this approach. However,
the LbL approach cannot be used for non-polar or uncharged nanoparticles and polymers, which
excludes a wide range of functional materials. We have found that self-assembly of nonpolar
linear polymers and nanoparticles into layers with controllable, thickness can be fully realized
using relatively simple and robust processing steps. Moreover, by controlling entropic and
enthalpic driving forces we demonstrate controlled self-assembly of nanocomponent multilayers,
promoting facile manufacture of a wide range of biomimetic and other fascinating nanostructures
from nonpolar materials. This work is summarized in the figure below and will be published

soon.
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Assembly of quantum dot - polystyrene
layers is facile with sixteen layers
manufactured. (a) Transmission  electron
micrograph (TEM) of an assembly of sixteen
layers: eight CdSe quantum dots alternating with
eight crosslinked polystyrene layers, assembled
on a silicon wafer. Each bilayer is numbered on
the micrograph from 1 to 8. The quantum dot
layers are approximately a monolayer thick (~3 -4
nm) whereas the polystyrene layers are about 75 %,
nm in thickness. In all the micrographs a gold . \-‘
layer was sputtered on the film after fabrication to 200 nm substrate‘\\&‘\\
mark the air interface and masks the uppemost ST
quantum dot layer. The silicon wafer was treated L —
with hydrofluoric acid and removed prior to microtoming . There are some quantum dots next to the
substrate as discussed in the text. (  b) Assembly of six layers formed by aging four layers to form thre e
layers of CdSe quantum dots and three layers of crosslinked poly styrene. This sample was made by
aging a polystyrene  — quantum dot layer then spincoating a pure polystyrene layer on top and
crosslinking it then repeating the process. The quantum dot laye rs are about a monolayer thick. The
inset shows a TEM micrograph of the first layer normal to the su bstrate surface demonstrating a
reasonably uniform film. (c) Assembly of eight layers: four CdSe quantum dots and four cross linked
polystyrene layers, assembled on a silicon wafer. In this case, the quantum dot layers are
approximately 13 nm thick while the polystyrene layers are 15 nm thick to demonstrate control over the
thickness of each layer is dictated by the initial conditions de veloped through the spincoating operation.

These two aspects of the NIRT represent the “engineering” aspects. Significant progress is being
made in the theoretical and chemical thrusts and will be discussed in future reports.
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