Stimuli-disassembling Gold Nanoclusters for Diagnosis of Early-Stage Oral Cancer
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Plasmonic gold (Au) nanoparticles (NPs) have recently been investigated for their unique and tunable
optical properties. Through advances in Au NP synthesis and characterization, it has been possible to
control the optical properties of nanoparticle samples. Au NPs are an appealing option for in vivo
imaging because they are highly biocompatible and do not induce cytokine secretion. We developed
acid-responsive clusters of Au NPs (Au NCs) that dissociate in the mildly acidic pH that is associated
with tumor tissue. Acid-disassociating Au NCs were synthesized through conjugation of acid-cleavable
crosslinkers and characterized by transmission electron microscopy (TEM). Au NCs disassemble into
individual gold nanoparticles in mildly acidic conditions resulting in diminished surface plasmon
resonance (SPR) effect and increased Brownian motion which can be quantified by OCT and Doppler
variance OCT respectively. The disassembly of the Au NCs was confirmed by TEM, DLS, and UV/Vis
in addition to OCT. Under neutral conditions, Au NCs exhibit strong scattering signal in SD-OCT
spectra and slow Brownian motion in DvOCT. When conditions are acidic, Au NCs show a decrease in
scattering as characterized by SD-OCT and an increase in Brownian motion in DvOCT. Early-stage
squamous carcinoma (dysplasia) tissue, confirmed to have a pH of ~6.2, showed reduced scattering
intensity and increased Doppler variance in comparison to normal tissue following treatment with Au
NCs.
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Figure 1. Size and morphology of Au NCs. Acid-dissociating Au NCs incubated in DI H2O at 37°C for
2 hours were characterized by TEM (A), DLS (C) and UV-Vis spectroscopy (D). After incubating Au
NCs in 100 mM acetate buffer at pH 5.0, dissociation was confirmed by TEM (B), DLS (C) and UV-Vis
spectroscopy (D).
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AlSi10Mg is one of the widely used casting alloys in automobile and aerospace industries due to its
lightweight, high fluidity and high specific strength [2]. The addition of Mg to the Al-Si binary system
makes it heat treatable and the Mg2Si precipitates gives it a high strength. Furthermore, the near-eutectic
composition makes this alloy relatively easy to process via laser applications such as selective laser
melting (SLM). However, the high cooling rates and complicated thermal history typical for SLM make
the solidification process complex and challenging to understand [3]. In the present work, composition,
phases and detailed microstructure of an SLM deposited AlSi10Mg alloy system was studied using
electron microscopy techniques and the microstructure evolution upon heat treatment was characterized
by in-situ and post-mortem TEM observations.
The SLM deposited sample shows a unique cellular microstructure (Fig 1 & 2), with the eutectic silicon
precipitates along the cell boundaries and the primary silicon precipitates homogeneously distributed in
the Al matrix. The high cooling rates on the order 103-106 K/s give rise to very fine cells and precipitates
of size less than 500nm [2]. The high cooling rates of this laser process also make the precipitation
mechanism complex. The TEM-EDS mapping of the as-deposited sample shows the segregation of Mg
along the cell boundaries where Si is present (Fig 3). A conventional T6 heat treatment caused the
cellular network to break and coarsened the Si particles. Mg2Si precipitates formed at the Si/Al
interfaces after T6 heat treatment (Fig 4).
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Figure 1. TEM image of
SLM deposited
AlSi10Mg with Si
distributed on cell
boundaries.

Figure 2. High
resolution TEM
image of
eutectic Si.

Figure 3. STEM-EDS
mapping of Al, Si, Mg
taken at a sample
region containing cell
boundaries.

Figure 4. STEM-EDS
mapping of Al, Si, Mg
of a T6 heat treated
sample.
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Composed of seven benzene rings that form a larger, hexagonal structure, coronene is a molecule
often referred to as “the smallest flake of graphene”. As such, this molecule provides insight into
the nature and dominance of edge effects in graphene-based systems and devices [1]. Furthermore,
as a polynuclear aromatic hydrocarbon, coronene serves as a common chemical precursor and
building block in soot formation [2], a process that is still largely mysterious in its earliest stages.
This work presents the study of coronene assembly on Pt(111) at the nanoscale by using scanning
tunneling microscopy and density functional theory calculations. The focus is to understand the
intramolecular interactions between neighboring molecules of coronene and with the underlying
metal substrate by characterizing the molecular assembly at the monolayer and bilayer. At the
monolayer, the platinum surface is highly interactive with the coronene, resulting in fragmentation
of the molecule on and a high binding energy to the surface. At the bilayer, platinum interference
is screened, and several coronene-based structures are observed. In situ annealing allows for the
observation of molecular clustering as the surface dewets. The coronene molecules first form
chains, then clumps, and finally large clusters which resemble incipient soot. These findings are
promising contributions to soot research and further general understanding of graphene at its the
smallest scale.

Fig. 1. STM of coronene/Pt(111) at (a) room temperature and (b) after annealing to 600 C.
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Twin boundaries have been suggested to promote strengthening without the loss in ductility.
However, twin meshes, defined as two or more intersecting arrays of twins within a grain, and
their effects on the strength and toughness in hexagonal close packed (HCP) metals have received
less attention. Here, we designed an experimental strategy using a SPEX mixer/mill to induce twin
meshes in a coarse grained hot-rolled Mg. As revealed by EBSD and TEM, multiple twin variants
were activated in most grains, as a result of the high frequency, multi-directional deformation
strain during SPEX milling, and the initially strong rolling texture of the starting material was
effectively randomized. Tensile test results indicate that the samples after SPEX milling surface
treatment are both stronger and more ductile than the as received samples. Further, SEM in-situ
compression testing has been performed to probe mechanistic understanding on the improved
mechanical properties induced by twin mesh structures.
Figure 1. (a) Experimental setup for SPEX
mill surface attrition. (b) Cross-sectional
EBSD after milling. (c) Grain boundary
misorientation distribution profile for (b).
Insets are the misorientation axes
distributions. {0002} pole figures of the
sample (d) before milling and (e) after milling
showing the change in texture.
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Figure 2. Twin meshes toughening revealed
by SEM in-situ compression. SEM images
of micropillars fabricated at (a, b) ~80 um
and (c, d) ~180 um below the treated surface
before and after compression, and (e) the
corresponding compressive stress-strain
curves.
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The manufacture of Chinese blue, the earliest synthetic blue pigment in China’s history, which appeared
in the Warring States period (475-221 BC) and was used until the Han periods (206 BC-220 AD),
represents a significant technological achievement. Scientific studies on archaeological Chinese blue
samples have shown that it is a highly heterogeneous material containing the crystal phase BaCuSi4O10,
and multiple Ba-, Pb-, and/or Si-rich minor crystalline phases and/or inter-particle glass matrices, as
byproducts from its production or unreacted residual materials [1-7]. The presence of the minor
crystalline and amorphous solids depends on the variety of the raw materials selection and synthesis
conditions, and is therefore important for the reconstruction of the original production technology of
Chinese blue. Based on earlier experiments, it has been suggested that Chinese blue can be reproduced
with selected Ba, Cu, and Si-containing raw materials and a Pb-salt as flux, and treated at different firing
conditions [4-6, 8, 9]. However, there are still unanswered questions regarding the selection of raw
materials and operational sequences (chaîne opératoire) for its production. This research attempts to fill
this gap of knowledge with the systematic reproduction of Chinese blue, using a variety of possible raw
materials and heat treatments. The microstructure of various phases in the end-products (Figure 1) was
characterized by a Phenom G-2 ProX scanning electron microscope (SEM), and the elemental
composition was quantified by a JEOL JXA 8200 SuperpProbe electron microprobe analyzer (EPMA)
equipped with five wavelength dispersive spectrometers (WDS). Results pointed to different chemical
reactions and formation mechanisms associated with the manufacture of the pigment at various high
temperature-ranges and synthesis time, providing new insight into the selection of raw materials and the
production technology of Chinese blue [10].
Figure 1 a. An optical microscopic
image of a cross section of a
Chinese blue sample synthesized
with CuO, BaCO3, SiO2, and PbSO4
at 900°C for 24 hours. b. A
backscattered electron (BSE) SEM
image of the cross section, showing
the heterogeneous end-product
contains: 1. BaCuSi4O10, the main
crystalline phase of Chinese blue; 2.
Unreacted SiO2; 3. BaSO4, a
byproduct of the synthesis, and 4. A
high-Pb inter-particle glass matrix.
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Interest in polymer additive manufacturing has been increasing as it allows for the fabrication of
complex structures at multiple length scales that exhibit low densities and high strengths. These
complex structures have been further functionalized through the deposition of metallic coatings
that further improve their mechanical properties. Magnetron sputtering is a flexible technique for
coating these structures as it allows for the deposition of a wider range of engineering metals and
alloys, unlike other deposition techniques. However, the uniformity of sputtered coatings on
complex structures has not been thoroughly investigated. To further explore magnetron
sputtering as a suitable technique for coating complex structures, microlattices have been
fabricated using both digital laser writing (Nanoscribe) and digital light processing 3D printers
and sputtered with various metallic coatings. This study aims to investigate and optimize
deposition parameters to achieve uniform metallic coatings that exhibit good adhesion to the
polymer structures at different length scales. SEM and TEM were utilized in this project.
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Metals containing nanoscale growth twins have shown great potential as an alternative to
nanocrystalline metals. Nanotwinned (nt) metals have been shown to produce similar
strengths to nanocrystalline metals while retaining desirable properties such as ductility,
thermal stability, and mechanical stability. To date, most experimental work has focused on
single elements, mainly copper, with limited studies on binary alloys. The microstructures
and mechanical properties of the nt-CuZn synthesized by electrodeposition and magnetron
sputtering are compared and discussed. Exploring nanoscale growth twin formation in
alloys provides important insight into the future synthesis of nanomaterials and the
successful development of highly twinned complex alloys is essential for the future
application of nanometals.
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