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Preparation of well-controlled 2D assemblies of DNA origami using Langmuir-Blodgett
technique
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We proposed a new assembly technique, namely "diffusion driven layer-by-layer asse
mbly"”, and showed how it can be used for creating diverse nanosheet architectures with good control in sha
pe and properties.

The original aim of this project was to utilize liquid-air interfaces as a platfor
m to construct DNA origami into diverse 2D assemblies. However, during this study we discovered an unexpec
ted but interesting assembly behavior of nanosheets, which became our new focus. In 2012, we developed a n
ovel strategy for directing the assembly of nanosheets through interfacial complexation with oppositely ch
arged polyelectrolytes. Using this method, we demonstrated the assembly of nanosheets into various macrost
ructures such as films, fibers, and capsules.
In 2013, we further found that the diffusion of polyelectrolyte could drive continuous growth of the nanos
heet complex into 3D porous foam-like frameworks which porosity could be easily adjusted. From such discov
ery, we proposed a new assembly technique, namely "diffusion driven layer-by-layer assembly", and showed h
ow it can be used for creating diverse nanosheet architectures with good control in shape and properties.
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For practical applications of nanomaterials, it is
often necessary to construct the small building
blocks into 2D or 3D macrostructures which can
be integrated into conventional real-life devices.
During this process, the properties of the material
are often significantly altered, which can be
either beneficial or detrimental. As a result, it is
critical to gain the ability to assemble the
nanomaterials into functional architectures with
good control and efficiency. For this purpose, we
have long investigated the use of air-liquid and
liquid-liquid interfaces as an assembly platform.

One building block of interest is DNA origami.
DNA has been actively investigated not only as a
genetic material, but also recently as a starting
material for creating novel structures. It is now
possible to mold DNA strands into precisely
controlled forms such as nanotubes and
polyhedrons, typically in the size range of tens to
hundreds of nanometers. With unique molecular
recognition capacity and biocompatibility, these
DNA nanostructures are actively explored for
applications such as biomedical diagnostics.
However, to redlize this potential, it becomes
necessary to construct the DNA into even higher
order functional architectures. In this project, we
proposed to utilize Langmuir-Blodgett technique
to demonstrate the assembly of DNA origami on
water surfacesinto 2D macrostructures.

Initial research goals:

Our original goals were to 1) demonstrate the
application of Langmuir-Blodgett (LB) technique
for preparing well-ordered DNA superstructures
with good control and reliability, and 2) gain
fundamental understandings on how the structure
and surface properties of nanomaterials influence
their self-assembly behavior.

Modified research goals

However, during the studies we experienced
much difficulty with the instability of DNA
origami on water surfaces. Extreme scrolling and
aggregation of the origami structure was
observed, which made it somewhat unsuitable for
LB assembly. Therefore, we decided to change
the material of focus from DNA origami to
nanosheets such as graphene, WS,, and MoS,,
which have been gaining strong interest for
energy related applications. At the same time,
instead of relying on LB technique, we started to
investigate the application of interfacial
polyionic complexation for the nanosheet
assembly based on new discoveries made in the

roup.

Three types of nanosheets were prepared using
chemical and physical exfoliation methods,
namely, graphene oxide (GO), tungsten sulfide
(WS,), and molybdenum disulfide (MoS;). While
these nanosheets are not as uniform in size and
shape compared to DNA origami, it can be
produced in large quantities and are stable on
liquid surfaces.

The nanosheets were deposited to various
air-liquid and liquid-liquid interfaces. During that
process, by inducing complexation with an
oppositely charged polyelectrolyte, we were able
to observe interesting assembly behaviors as
discussed below.

In FY2012, we reported in ACS Nano a new
strategy for directing the assembly of nanosheets
into various macrostructures through interfacial
polyionic complexation (Figure 1). A key point of
the study was that nanosheets often behave as
charged macromolecules and therefore can form
a stable complex with oppositely charged
polyelectrolytes.  Such  characteristic  was

explored using chitosan, a positively charged
readily

biopolymer, which interacted with
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nanosheets that have negative -surface charges
such as GO, WS,, and MoS,.

Figure 1. Assembly of graphene oxide
nanosheets into thin film, fiber, and capsule
forms using interfacial polyionic complexation.



We found that the complexation could be
confined at liquid-liquid or air-liquid interfaces,
which alowed control over the nanosheet
assembly into forms such as films, fibers, and
capsules. Furthermore, additional components
such as nanoparticles and small molecules could
aso be easly integrated to the structure for
further tailoring of material properties. Such
results suggest that the complexation with
polyelectrolytes can serve as a simple yet useful
tool for guiding the assembly of nanosheets into
various architectures.

During FY 2013, we were able to further expand
our previous report. The key new discovery was
that diffusion of polyelectrolyte could induce
continuous growth of the nanosheet complex
formed at the interface into 3D macroscopic
structures (Figure 2). Interestingly, the assembled
nanosheets form a foam-like porous network,
which porosity can be tuned from ultra-light (5.6
mg/lcm®) to tightly packed (~ 1800 mg/cm®)
through simple adjustments in experimental
condition. Furthermore, the assembly process can
be utilized in various configurations such as to
create free-standing architectures with tailored
shapes or patterned GO films on a substrate.
Based on such discovery, we have proposed a

Diffusmn of
polyelectrolyte

Assembly of nanosheets
into porous 3D structure

novel assembly techmque WhICh We termed as
“diffusion driven layer-by-layer assembly”. This
result is currently submitted and under revision.

Figure 2. Construction of GO nanosheets into
porous macrostructures through diffusion driven
layer-by-layer assembly

The simplicity and versatility of this process
should be useful in constructing a wide range of
3D graphene-based architectures. At the same
time, we believe that this concept of utilizing the
diffusion of polyelectrolyte for the assembly of
nanomaterials into macrostructures should also
be applicable to a much wider range of materials.
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