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Particle Immobilization

Enhanced Cross-linker
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Initially we employed simple alkanedithiols to sere as the cross-linking agent for our Au-Np
monolayers. These linkers were effective for this simple application, but there is a concern
when trying to then create Janus systems. The ligand introduced during Janus formation
could exchange with the cross-linker, reducing film integrity, and allowing for rotation and
diffusion into liquid phases. To reduce this risk, we sought to take advantage oft the chelate
effect, whereby two thiol moieties bind to each nanoparticle – providing protection from
complete dissociation. Cyclized dithiols readily reduce to their hydrogenated form in the
presence of gold and can then act as a chelating agent.

Barrier

Langmuir-Blodgett method allows for uniform deposition of Au-Np film onto desired substrate for
further analysis via PM-IRRAS and XPS. Substrate (typically Si) can be functionalized to
promote adsorption of polar or apolar ligands. Similarly chemisorption can be induced if desired.
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Thioctic Acid was identified as an inexpensive chelating compound, but it would not serve
as a cross-linker in its standard form. However, the molecule contains a carboxylic acid
group, which readily combines with an alcohol to form an ester under proper rxn conditions.
We thus used a diol and two equivalents of thioctic acid to produce our chelating “bisdithiol”
cross-linking agent. Utilizing the Steglich esterification method and a reaction microwave,
we were able to synthesize our desired product with a yield of approx. 40%.
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Janus Nanoparticle Formation
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Film cross-linking affords two
necessary benefits: Au-Np rotation
is restricted and diffusion of AuNps into liquid phase is inhibited.
must be restricted.

Au-Np
Monolayer

2964.39

First essential step in Janus
nanoparticle synthesis is the
formation of a gold nanoparticle
(Au-Np) monolayer and the
subsequent cross-linking of this
monolayer.

Deposition & Characterization
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Post cross-linking, water-soluble functional groups
will be introduced to the portion of the cross-inked
film that is in contact with the aqueous subphase.
Specifically, an ethanolic solution bearing an excess
(relative to the surface area of the film) of 6mercaptohexanoic acid will be injected into the
aqueous subphase. The excess mercaptohexanoic
acid will displace the short-chain alkanethiol via a
ligand exchange process.
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PM-IRRAS spectra of ODT self assembled on a flat gold substrate. Stretching of the C-H
bond is clearly visible, indicating the presence of the ODT monolayer.
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Spectra of Octadecanethiol capped Au-Np: LS Method
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To isolate the bisdithiol cross-linker, column chromatography was utilized. Three fractions
were collected and analyzed with FT-IR and NMR to determine the which fraction contained
the desired product. The major contaminant in this reaction is the O-acylisourea intermediate,
which contains a secondary amine. Secondary amines have a characteristic single absorption
peak from 3300cm-1 – 3000cm-1 which was only absent in the spectra seen above.
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(B). Currently high efficiency solar
cells employ incredibly costly IIIIV as transparent conductors.
Alternative TCO materials such
as ZnO are vastly more
economic, but highly inefficient.
Gold nanoparticles can be
deposited in layers adjacent to
the TCO to act as a backside
reflector, increasing cell output.
The ability to carefully tune the
particle ligand shells to enhance
coupling between the TCO and
particle layers makes Janus
systems ideal for this application.
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PM-IRRAS spectra of ODT capped Au nanoparticles deposited onto a Si substrate via the
Langmuir- Schaeffer method. Spectra indicates disorder of methylene tails, increasing AuNp core size to 8nm will reduce degree of curvature and promote ligand shell ordering.

Example Applications
(A). Janus nanoparticles could be
functionalized with a targeting
ligand on one hemisphere, and any
number of compounds on the other
to deliver agents to cells with great
specificity.
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Future Studies
 Continue to optimize bisdithiol cross-linker reaction by varying amounts of DMAP catalysis,
temperature, and time.
 Experiment with a variety of ligands containing distinct groups and heteroatoms for analysis
on PM-IRRAS and XPS.
 Develop cleavable cross-linking agent to recover individual Janus nanoparticles.
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