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Biomineralization

7:30 P.M. – 8:00 P.M. Qichao Ruan
STRATEGIES FOR BIOMIMETIC TOOTH REPAIR
Qichao Ruan, University of Southern California, Los Angeles, California, United States
Kaushik Mukherjee, University of Southern California, Los Angeles, California, United States
Janet Moradian-Oldak, University of Southern California, Los Angeles, California, United States
Mature tooth enamel is acellular and does not regenerate itself. Enamel biomimetic is therefore a
significant topic of study in material science and dentistry as a novel approach for prevention, restoration,
and treatment of defective enamel. This presentation will describe our recent strategies on the synthesis of
bioinspired composites from nano- to microscale. Considering the potential of enamel protein amelogenin
to control the organized growth of apatite crystals, we developed an amelogenin-chitosan (CS-AMEL)
hydrogel for superficial enamel reconstruction. Amelogenin assemblies carried in chitosan hydrogel
stabilized Ca-P clusters and arrange them into linear chains, which fused with enamel crystals and then
developed into enamel-like co-aligned crystals. This biomimetic in situ regrowth of apatite crystals
generated a robust enamel-restoration interface, which is important for ensuring the efficacy and
durability of restorations. As a step prior to clinical trials, the follow-up study further demonstrated the
efficacy of CS-AMEL hydrogel in biomimetic repair of human enamel with erosive or caries-like lesions
in pH-cycling systems. To improve the clinical feasibility of this protein-hydrogel system, we
incorporated rationally designed amelogenin-derived peptides to the chitosan hydrogel that could regulate
biomimetic enamel regrowth on the surface of dentin. To explore the development of bulkenamelmimetic materials, we devised a protein-free pathway to synthesize a layered monetite-chitosan
composite that canfurther transform to a HAp-based composite with an enamel-like structure. We
designed an organic matrix composed of chitosan and cis-butenediolic acid (maleic acid, MAc) that
assembled into an organized complex and further guided the mineralization of monetite crystals, resulting
in the formation of organized and parallel arrays of monetite platelets with a brick-and-mortar structure.
Using the layered monetite-chitosan composite as a precursor, the organized interwoven HAp bundles
were formed viaa topotactic phase transformation process. This study demonstrated a strategy to
synthesize organized HAp materials with hierarchical structures from nanoscale to microscale, and may
provide inspiration for the development of bulk enamel-mimetic materials for dental applications.
8:00 P.M. – 8:20 P.M. Jinhui Tao
THE COOPERATIVE EFFECT OF AMELOGENIN AND ENAMELIN ON THE NUCLEATION
OF CALCIUM PHOSPHATE
Jinhui Tao, Pacific Northwest National Laboratory, Richland, Washington, United States
Saumya Prajapati, University of Southern California, Los Angeles, California, United States
Janet Moradian-Oldak, University of Southern California, Los Angeles, California, United States
James J. De Yoreo, Pacific Northwest National Laboratory, Richland, Washington, United States
Amelogenin is the major matrix proteins templating the nucleation of numerous calcium phosphate
phases during enamel formation. Besides matrix protein, the other proteins like enamelin are also believed

to have important role in the formation of enamel apatite. The delicate enamel architecture is believed to
form under the control of amelogenin together with other non-amelogenous proteins including enamelin.
Thus, understanding the interplay between amelogenin and enamelin may enable us to manufacture
complex protein-mineral struncture for tissue engineering.
Amelogenin rp172 aggregates into nanospheres with diameter of 20 nm when in bulk solution at pH 8.0.
These nanospheres disassemble when they contact the surface of newly cleaved mica. The disassembly
rate is well controlled by amelogenin concentration. We also changed the protein surface by coassembling amelogenin and enamelin with different molecular ratios. The nucleation rate of calcium
phosphate and phase evolution on these surfaces is monitored by in-situ AFM. In our solution, the
initially formed phase is amorphous calcium phosphate (ACP) and later it transformed into octacalcium
phosphate (OCP) and finally transformed into apatite after 2 hrs on amelogenin surface, the nucleation
rate of ACP is increased about 4 folds and growth rate is increased to 8 times on the surface of
amelogenin/enamel with 50/1 ratio. However, when the amelogenin/enamelin ratio increases to 50/2, the
nucleation of ACP is inhibited back to the rate on the pure amelogenin surface.
We assume that the abnormal behavior of enamelin in the role of controlling nucleation rate is due to its
conformation change as the limited binding sites on amelogenin. When the ratio increases from 50/1 to
50/2, enamelin starts to aggregate and the nucleation site for ACP is enclosed. This hypothesis is
confirmed by using AFM imaging of immunogold labeling of antibody binding to enamelin/amelogenin
surface. The potential enamelin/amelogenin interactions are also discussed.
8:20 P.M. – 8:40 P.M. Steven Herrera
ULTRA HARD CHITON TEETH INSPIRE FUNCTIONALLY GRADED FIBER REINFORCED
NANOCOMPOSITE
Steven A. Herrera, University of California Riverside, Riverside, California, United States
Dongni Ren, University of California Riverside, Riverside, California, United States
Ramya Mohan, University of California Riverside, Riverside, California, United States
Pablo Zavattieri, Purdue University, West Lafayette, Indiana, United States
David Kisailus, University of California Riverside, Riverside, California, United States
Biological systems can selectively mineralize organic tissue using processes that operate at low
temperature and pressure, and benign pH conditions. Organic networks template mineral growth and
facilitate the generation of highly ordered hierarchal composite structures that are lightweight, tough, and
stiff materials. The biomineralization process in the radular teeth of chiton is an ideal model for the
synthesis of high performance materials. The ultra hard magnetite teeth are used to rasp algal deposits
from the rocky substrates along the California coast. The chiton radula acts in a similar fashion to a
conveyor belt, continuously advancing teeth as they become mineralized on the posterior end, and
releasing teeth as they become worn on the anterior end. Within the radula, inorganic material is
regionally incorporated into polysaccharide fibers to regionally control the microstructural mechanical
properties. The structures within the tooth and radula exhibit both graded and sharp interfaces to reduce
stress concentrations and direct fracture respectively. The fibrous structure serves multiple functions,
including increasing the tensile strength of the composite along the fiber axis, acting as a pathway for ion
transport, and providing a confined space to limit the size and morphology of crystal growth. Mimicking
the biological composite materials found in the chiton radula, electro-spun chitosan mats were infused
with gel and magnetite nanoparticles were grown within the fibrous structure to produce a tough abrasion
resistant nanocomposite. The composites were analyzed using spectroscopic methods and tested
mechanically with 3-point bend, nano indentation, and scratch testing. These fibers can be molded to fit
complex macrostructures.

Monday, June 13
Biomimetics

9:00 A.M. – 9:30 A.M. Steven Naleway
MIMICKING BIOMINERALIZATION THROUGH FREEZE CASTING FOR BIOINSPIRED
MATERIALS
Steven E. Naleway, University of California, San Diego, La Jolla, California, United States
Marc A. Meyers, University of California, San Diego, La Jolla, California, United States
Joanna McKittrick, University of California, San Diego, La Jolla, California, United States
Many mineralized biological materials form through a biomineralization process that involves the
templating of biomineral crystals around a biopolymer structure. Taking inspiration from this, the
material fabrication technique of freeze casting employs a template of growing ice crystals to direct and
align mineral particulates. The results of freeze casting (a sintered, porous ceramic scaffold) can be
tailored through a variety of techniques and infiltrated with secondary, polymeric phases to create twophase composites that mimic the structure and properties of similar biological materials (e.g. bone, nacre).
In this, the basic process of freeze casting will be discussed along with highlighting a number of
techniques to control the microstructure and mechanical properties of freeze cast materials. Applications
for these materials include structural composites and biomaterials.
This work is supported by funding provided by the Multi-University Research Initiative through the Air
Force Office of Scientific Research (AFOSR-FA9550-15-1-0009).
9:30 A.M. – 9:50 A.M. Rouzbeh Shahsavari
KINETICS CONTROLLED MORPHOGENESIS OF CALCIUM-SILICATE-HYDRATE AND
ITS EFFECT ON MECHANICS OF SINGLE PARTICLES AND ASSEMBLED STRUCTURES
Rouzbeh Shahsavari, Rice University, Texas, United States
Although shape-controlled synthesis of nanoparticles (NPs) has been widely explored for simple
crystalline NPs, controlling the kinetics and thus shape of more complex systems with low symmetry or
semi-crystalline substructures has remained a challenge. Herein, we focus on calcium-silicate-hydrate (CS-H), as a model system with applications in bone-tissue engineering, drug delivery, refractory and
cementitious materials, and propose a self-seeded mechanism where a controlled overgrowth of C-S-H on
the surface of in-situ generated calcium carbonate seeds leads to shape-controlled NPs. Via various
microscopic and spectroscopic analyses, our results demonstrate how the interplay between the calcium
salt, precursors concentrations, surfactant type, and calcium to silicon ratio drive the morphogenesis of
the final C-S-H NPs ranging from cubic, rectangular prism, rhombohedra, dendritic, to core-shell-like
structure, which are all expressed in a single morphology diagram. Probing mechanics of individual NPs
and their assemblies reveal that while the individual cubic NPs exhibit lower stiffness compared to
irregular pristine NPs, their assemblies show improved stiffness, compressive strength, ductility, and
toughness, due to the formation of closely packed structures with low porosity induced by the wellordered surface-to-surface contacts of the cubic NPs. This work is the first report on morphogenesis of CS-H, and illustrates the prospect of treating complex C-S-H on equal footing with crystalline NPs and

semiconductors in the current applications of shape-induced self-assembly mechanisms to create
programmable microstructures with encoded properties.
9:50 A.M. – 10:10 A.M. Hongjie Tang
POLYELECTROLYTE MEDIATED BIOINSPIRED SYNTHESIS OF NANOSTRUCTURED
TITANIUM OXIDE
Hongjie Tang, University of California, Riverside, Riverside, California, United States
Andew Jeong, University of California, Riverside, Riverside, California, United States
Parawee Pumwongpitak, University of California, Riverside, Riverside, California, United States
David Kisailus, University of California, Riverside, Riverside, California, United States
Polyelectrolyte-Mediated Bio-inspired Synthesis of Nanostructured Titanium Oxide
Hongjie Tang1, Andrew Jeong1, Parawee Pumwongpitak2, David Kisailus1,2*
1. Department of Chemical and Environmental Engineering, University of California, Riverside, CA
2. Materials Science and Engineering, University of California, Riverside, CA 92521, USA.
*email: david@engr.ucr.edu
Based on a growing demand for benign synthetic methods that minimize adverse environmental effects,
recent efforts have focused on the bio-inspired synthesis of titania, which has been widely used as an
advanced semiconductor for photocatalytic and photovoltaic applications. Here, we utilize a
polyelectrolyte with specific functional characteristics that mimics proteins found in silaceous
biominerals and is capable of inducing the rapid, in vitro room-temperature formation of nanostructured
titania from an aqueous precursor solution (TiBALDH) across a broad pH range (i.e., 1~11). The effects
of pH, polyelectrolyte concentration and additive byproducts on particle formation, morphology, and
structure are carefully studied. Finally, the mechanism of bio-inspired crystallization via accelerated
hydrolysis and condensation processes is revealed by comparison with various polyelectrolytes, and
provides useful clues for future green synthesis of functional inorganic materials. Using these controlled
synthetic parameters will aid in the construction of multi-functional photocatalysts for advanced energy
conversion and environmental remediation.
Low-Dimensional Materials / Energy
10:40 A.M. – 11:10 A.M. Jerry Tersoff
CRYSTAL PHASE SWITCHING AND INTERFACE MORPHOLOGY IN NANOWIRE
GROWTH
Jerry Tersoff, IBM, New York, United States
Controlled formation of non-equilibrium crystal structures is one of the most important challenges in
crystal growth. Nanowires provide an ideal laboratory for studying the fundamental physics of phase
selection, because their narrow size guarantees single-crystal growth, and the entire volume is accessible
via in-situ transmission electron microscopy. Recent experiments reveal a surprising connection between
the growth conditions, the shape of the growth front, the kinetics of nucleation and step flow during
growth, and the crystal phase (zincblende or wurtzite) of GaAs nanowires. A novel model can explain the
complete set of observations. In this picture, the growth conditions control the volume of the liquid
catalyst, and hence the contact angles. The resulting capillary forces determine the shape of the growth
front, which can be more complex than is usually assumed. This shape in turn determines the available

sites for nucleation, and whether or not nucleation occurs at the three-phase junction. Finally, the very
different nucleation sites control the crystal structure. This understanding has direct implications for
precise control of crystal phase, e.g. for polytype heterostructures in nanowires. More broadly, it suggests
the unexpected ways in which various factors can interact to determine phase selection during crystal
growth. This work was done in collaboration with D. Jacobsson, F. Panciera, M. C. Reuter, S. Lehmann,
S. Hofmann, K. A. Dick, and F. M. Ross [Nature 531, 317 (2016].
11:10 A.M. – 11:40 A.M. Alain Karma
SHAPE AND ORIENTATION SELECTION OF VAPOR-LIQUID-SOLID GROWN
NANOWIRES
Alain Karma, Northeastern University, Boston, Massachusetts, United States
Longhai Lai, Northeastern University, Boston, Massachusetts, United States
Moneesh Upmanyu, Northeastern University, Boston, Massachusetts, United States
Hailong Wang, Northeastern University, Boston, Massachusetts, United States
Vapor-liquid-solid (VLS) growth has been widely used to synthesize semiconductor nanowires (NWs)
that can serve as building blocks for various nanotechnology applications ranging from nanoelectronics to
sensors to solar energy harvesting. Even though VLS growth has been extensively studied both
theoretically and experimentally for decades, basic aspects of this nonequilibrium process remain poorly
understood fundamentally. In particular, it is still unclear how the NW growth shape and orientation is
dynamically selected for various substrates and growth conditions. Progress on such issues has been
hindered by the lack of computational method to simulate NW growth on experimentally relevant length
and time scales in three dimensions (3D). Tracking the evolution of faceted solid-liquid and solid-vapor
interfaces under the constraint that different facets meet with the isotropic liquid-vapor interface at a triple
line has remained a daunting task, limiting progress to date to 2D. Here we exploit the power of the
phase-field method to model for the first time NW growth quantitatively in 3D for a full set of faceted
singular interfaces corresponding to cusps in the solid-liquid and solid-vapor gamma plots. Our choice of
gamma plots is guided by existing experimental measurements and atomistic simulations of small crystal
equilibrium shapes in the silicon-gold system. The phase-field simulations reproduce the main
experimentally observed features of NW growth in this system including tapered growth (Figure 1),
sawtooth faceting of NW side-walls, and NW kinking. Furthermore, they shed light on fundamental
energetic and kinetic interface properties that govern the dynamical selection of both the NW growth
shape and orientation in these different growth modes. The computational models and theoretical insights
developed in this study provide enhanced capabilities to design and control complex VLS grown NW
morphologies in a wide range of applications.
This research was supported by NSF grant 1106214 from the DMR CMMT Program. Figure 1: Snapshots
of phase-field simulation of 3D NW growth from a (111) substrate at different stages of morphological

development (A to D) and during steady-state growth (E).

11:40 A.M. – 12:00 A.M. Qian Zhang
MORPHOLOGICAL EVOLUTION AND COMPOSITION SEGREGATION DURING THE
GROWTH OF CORE-SHELL NANOWIRES
Qian Zhang, Northwestern University, Evanston, Illinois, United States
Jean-Noel Aqua, Institut des Nanosciences de Paris, Universite Pierre et Marie Curie Paris 6, Paris,
France
Peter Voorhees, Northwestern University, Evanston, Illinois, United States
Stephen Davis, Northwestern University, Evanston, Illinois, United States
Core-shell nanowires with radial heterostructures hold great promise in photonic and electronic
applications. Controlling the formation of these heterostructures in the core-shell structure remains a
challenge. Recently, GaAs nanowires have been used as substrates to create AlGaAs shells. The
deposition of the AlGaAs layer leads to the spontaneous formation of Al-rich stripes along certain
crystallographic directions and quantum dots near the apexes of the shell (see Fig. 1(a), 1(b)).
A two-dimensional faceted model that accounts for capillarity and deposition has been developed for the
evolution of the shell morphology and concentration in AlxGa1-xAs alloys. The model assumes a
completely faceted shell-vapor interface. Our objective is to understand the mechanisms of the formation
of the radial heterostructures (Al-rich stripes and Al-poor quantum dots) in the nanowire shell. There are
two issues that need to be understood. One is the mechanism responsible for the morphological evolution
of the shells. It is found that the experimental results are consistent with deposition yielding facets that are
not present on the Wulff shape. These small facets can have slowly time-varying sizes that can lead to
stripe and quantum dots structures depending on the balance between diffusion and deposition. There is
no self-limiting facet size in this case. The other issue is the mechanisms responsible for the segregation
of the concentration of Al atoms in the shells. It is found that the mobility difference of the atoms on the
facets {112} and facets {110} together determine the non-uniform concentration of the atoms in the shell.
In particular, even though the mobility of Al is smaller than the mobility of Ga on facets {110}, Al rich
stripes are predicted to form along the facets {112} when the difference of the mobility of Al atoms and
Ga atoms is large enough on facets {112}. As the size of the shell increases, deposition becomes more
important. The Al-poor dots are obtained at the apices of facets {112}, if the attachment rate of Al atoms
is smaller on facets {112}.

Fundamentals
7:30 P.M. – 8:00 P.M. Jeffrey Derby
SEEING THE GROWTH OF LARGE CRYSTALS: COMPUTATIONAL MODELS AND
ADVANCED DIAGNOSTICS
Jeffrey J. Derby, Department of Chemical Engineering and Materials Science, University of Minnesota,
Minneapolis, MN
Jeffrey H. Peterson, Department of Chemical Engineering and Materials Science, University of
Minnesota, Minneapolis, MN
Anton S. Tremsin, Space Sciences Laboratory, University of California at Berkeley, Berkeley, CA
Didier Perrodin, Lawrence Berkeley National Laboratory, Berkeley, CA
Gregory A. Bizarri, Lawrence Berkeley National Laboratory, Berkeley, CA
Edith D. Bourret, Lawrence Berkeley National Laboratory, Berkeley, CA
Sven Vogel, Los Alamos National Laboratory, Los Alamos, NM
Mark Bourke, Los Alamos National Laboratory, Los Alamos, NM
Except for some special cases of transparent furnaces with select substances, melt crystal growth,
particularly via the Bridgman process, has been carried out in the dark. Specifically, there have been no
direct methods to observe what transpires within refractory crucibles that are moved through hightemperature furnaces to carry out crystal growth. Indeed, we have only been able to infer the conditions of
phase change and crystal growth indirectly, for example, by measurement of discrete temperatures during
a growth run, by observation of quenched interfaces after aborted runs, or via a posteriori measurement of
compositional profiles in the grown crystal.
In this presentation, we discuss how computational modeling has enabled us to “see” and understand the
physical underpinnings of crystal growth systems. As an example, we show how this approach has shed
considerable insight on fundamental growth limitations that arise in the traveling heater method. We also
report on initial results from neutron imaging experiments that are allowing us to directly “see” growth of
a crystal, in operando, during a gradient freeze experiment. We argue that the synergies of “seeing” via
these tools will dramatically improve our fundamental understanding and provide for a closed-loop
approach of optimizing of the growth of large, single crystals from the melt.
8:00 P.M. – 8:30 P.M. Sang Han
STRESS-DIRECTED COMPOSITIONAL PATTERNING OF SIGE SUBSTRATES FOR
LATERAL QUANTUM BARRIER MANIPULATION
Sang M. Han, University of New Mexico, Albuquerque, New Mexico, United States
Talid Sinno, University of Pennsylvania, Philadelphia, Pennsylvania, United States
Swapnadip Ghosh, University of New Mexico, Albuquerque, New Mexico, United States
Daniel Kaiser, University of Pennsylvania, Philadelphia, Pennsylvania, United States
Jose Bonilla, University of New Mexico, Albuquerque, New Mexico, United States
For large-scale manufacturing of single-electron transistors, the capability to form an addressable 2D
array of quantum dots would prove useful. While vertical stacking of quantum well and dot structures is
well established in heteroepitaxial semiconductor materials, however, manipulation of quantum barriers
in the lateral direction in a uniform array poses a significant engineering challenge. Here, we

experimentally and computationally demonstrate lateral quantum barrier manipulation in a crystalline
SiGe alloy, using structured mechanical fields to drive compositional redistribution. To apply stress, we
make use of a nano-indenter array that is pressed against a Si0.8Ge0.2 wafer in a custom-made mechanical
press. The entire assembly is then annealed at high temperatures, during which the larger Ge atoms are
selectively driven away from areas of compressive stress. Compositional analysis of the SiGe substrates
reveals that this approach leads to a transfer of the indenter array pattern to the near-surface elemental
composition, resulting in near 100% Si regions underneath each indenter and a natural pathway to
quantum barrier modulation. The process is studied in detail using multiscale computer simulations that
demonstrate its robustness across a wide range of applied stresses and annealing temperatures. We
computationally explore a carefully chosen set of indenter arrangements to show that Ge atoms can be
focused into dots. We expect that this “stress transfer” method can be applied to other crystalline alloys in

a scalable way.
8:30 P.M. – 8:50 P.M. Jerrold Floro
THE CO-PT NANOCHESSBOARD: A SELF-ASSEMBLED 2+1D COHERENT TILING OF
ORDERED PHASES
Jerrold Floro, University of Virginia, Charlottesville, Virginia, United States
Eric Vetter, University of Virginia, Charlottesville, Virginia, United States
Priya Ghatwai, University of Virginia, Charlottesville, Virginia, United States
William Soffa, University of Virginia, Charlottesville, Virginia, United States
Ana Montes Arango, Northeastern University, Boston, Massachusetts, United States
Laura Lewis, Northeastern University, Boston, Massachusetts, United States
Katayun Barmak, Columbia University, New York, New York, United States
This talk will examine self-assembly of the unique nanochessboard structure in Co-Pt binary alloys. This
structure is produced by a different type of solid-state crystal growth, whereby an organized array of lowdimensional nanorods with fully coherent, epitaxial interfaces forms via a coupled disorder-order
transition. The chessboard self-assembles by cooling the initial A1 phase through a eutectoid isotherm,
into the two-phase coexistence region: A1 -- L10 + L12. Pseudospinodal decomposition to form the
ordered L10 phase from the cubic A1 matrix results in anisotropic transformation strain originating from
the tetragonal crystal structure of the ordered phase. This strain, coupled with a preference for L10/L12

interfaces, vs. L10-a/L10-b interfaces (where a and b are symmetrically equivalent crystallographic
variants), drives spatial self-organization to form the chessboard. We have obtained tiling periodicity in
the Co-Pt chessboard as small as 15-20 nm. This unique structure provides a model system in which to
examine ferromagnetic exchange-coupling between magnetically hard L10 and magnetically soft L12
phases, in a situation that is geometrically intermediate between the extremes of epitaxial bilayer thin
films (exemplifying ideal one-dimensional coupling) and nanocomposite aggregates (with isotropic threedimensional coupling). Our study focuses on both the phase transformation itself and on the resultant
magnetism, and these two aspects inform one another. For example, the progression of the structural
transformation is actually easier to follow through the evolution of the magnetic response than via
standard probes such as x-ray diffraction and transmission electron microscopy (although we have
performed both of these assiduously!). While many aspects of the chessboard phase transformation have
been worked out both theoretically and through experiment, our new contributions to this understanding
include: (i) achievement of significant refinement of the Co-Pt phase diagram in the relevant composition
region using both calorimetry and structural characterization; (ii) attainment of a more detailed view of
the progression of chemical ordering during the continuous cooling process that is necessary to create
optimal chessboards; and (iii) an examination of the mesoscale colony structure of the chessboards, which
impacts magnetic domain structure. E. V., P. G. and J. F. gratefully acknowledge support of the National
Science Foundation through grant DMR-1105336.

8:00 P.M. – 8:30 P.M. Binay Kumar
FLUX GROWN ALKALI BASED PEROVSKITE CRYSTALS FOR PIEZOELECTRIC
APPLICATIONS
Binay Kumar, University of Delhi, Delhi, India
Geeta Ray, University of Delhi, Delhi, India

Sonia Bhandari, University of Delhi, Delhi, India
Nidhi Sinha, University of Delhi, Delhi, India
In functional materials, the ferroelectric, pyroelectric and piezoelectric properties varies with temperature,
pressure, electric field, humidity, etc which can be utilized for various transducer, actuator and sensor
applications. Lead free alkali based perovskite systems (1-x)NBT-xKBT (BNKT) and (1-x) KNN-xLN
(NKLN) are emerged as futuristic environment friendly materials for high end piezoelectric applications
[1-4].
High performance ceramics of NKLN and BNKT were synthesized by solid state reaction both near
morphotropic phase boundary and off MPB with varying composition and doping of Li, Mn, Sb, etc. The
calcination and sintering temperatures were optimized in different cases to obtain pure phase and best
properties. Single crystals of these environmental friendly materials are grown by flux method. The
composition and temperature profile were optimized to get maximum yield and pure phase for best
performance. Crystal of size upto 18 mm across has been grown. These ceramics and crystals were
characterized for compositional purity by XRD, EDAX, SEM, FTIR, Raman studies. The ferroelectric,
piezoelectric, pyroelectric, dielectric, electrical, etc properties were studied. High values of piezoelectric
charge coefficient (above 500 pC/N) were obtained for NKLN system. Well saturated hysteresis P-E
loops were obtained with high saturation and remnant polarization. High dielectric constant, low loss and
enhanced depolarization/transition temperature further established their high temperature applications.
Fatigue test was performed to ascertain the suitability of these materials for devices.
The performance of these lead free systems are discussed and compared with those of lead based
piezoelectric PZT and PZN-PT [5]. These systems were used to demonstrate the generation of power. It
has been demonstrated that these ceramics and crystals possess potential to replace lead based materials in
various applications.
References
1.“Achieving high piezoelectricity and fatigue free hysteresis in lead free relaxor ferroelectric ceramic
0.94[Na0.5K0.5NbO3]-0.06LiSbO3” Binay Kumar et al. Mat. Chem and Physics (2015) 159, 107-113.
2.“Excellent piezo-/pyro-/ferroelectric performance of Na0.47K0.47Li0.06NbO3 lead free ceramic near
polymorphic phase transition” Binay Kumar et al. Scripta Materialia (2015) 99, 77-80.
3.“Lead Free Relaxor Ferroelectric Na0.47K0.47Li0.06Nb0.94Sb0.06O3 Crystals for Opto-Electronic
Applications” Binay Kumar et al. Crystal Growth and Design (2015) 15, 1852-1860
4.“Effect of structural modification by MnO2 addition on the electrical properties of lead free flux grown
(Na0.5Bi0.5)TiO3-(K0.5Bi0.5)TiO3 single crystals” Binay Kumar et al. Crystal Growth and Design (2015) 15,
867−874.
5.“Flux growth and effect of cobalt doping on dielectric, conductivity and relaxation behaviour of
0.91Pb[Zn1/3Nb2/3]O3-0.09PbTiO3 crystals” Binay Kumar et al. CrystEngComm (2014)16, 1935-42.

Tuesday, June 14
Fundamentals
9:00 A.M. – 9:30 A.M. Ganesh Balakrishnan
A COMPARISON OF THE GROWTH MODES OF INAS QUANTUM DOTS ON GAAS AND
INP SUBSTRATES.
Ganesh Balakrishnan, university of new mexico, albuquerque, New Mexico, United States
Sadhvikas Addamane, university of new mexico, albuquerque, New Mexico, United States
Darryl Shima, university of new mexico, albuquerque, New Mexico, United States
Emma Renteria, university of new mexico, albuquerque, New Mexico, United States
Self-assembled nanostructures such as InAs quantum dots (QDots) and InAs quantum dashes (QDashes)
have drawn a considerable amount of attention in the recent decades from both fundamental and
technological perspectives. These structures can be epitaxially grown using the Stranski-Krastanov (S-K)
growth mode where 3-dimensional coherently strained nano-structures are formed due to the compressive
strain between the epi-layer and the substrate. While the growth of InAs on GaAs (lattice mismatch of
7.08%) results in the formation of relatively symmetric QDots, growing InAs on InP reduces the total
mismatch (3.2%) and results in the formation of highly asymmetric quantum structures that are elongated
in the (1-10) direction called QDashes.
We have studied the optical properties of InAs QDashes in direct comparison to those of InAs QDots
based on temperature-dependent PL measurements. The QDashes show distinctly different trends in PL
linewidth and peak position when compared to QDots. While the PL linewidth for QDots decreases up to
a certain temperature and then starts increasing, the FWHM monotonically increases with increasing
temperature for the QDashes. The PL peak position for QDots moves faster than the InAs bandgap at
higher temperatures. However, the PL peak position for QDashes closely follows the bandgap of InAs
throughout the entire temperature range. Further, we have shown that the QDashes show a different trend
in integrated PL intensity as a result of the difference in the overall strain between the two systems. In
conclusion, we have shown that InAs QDashes clearly exhibit different optical characteristics when
compared to InAs QDots but rather exhibit more quantum-well like properties.
9:30 A.M. – 9:50 A.M. Damien Tourret
GRAIN BOUNDARY ORIENTATION SELECTION IN THIN-SAMPLE DENDRITIC
SOLIDIFICATION
Damien Tourret, Los Alamos National Laboratory, Los Alamos, New Mexico, United States
Younggil Song, Northeastern University, Boston, Massachusetts, United States
Amy J. Clarke, Colorado School of Mines, Golden, Colorado, United States
Alain Karma, Northeastern University, Boston, Massachusetts, United States
We study the dynamical formation of grain boundaries (GBs) in polycrystalline dendritic growth during
directional solidification of an alloy in a thin sample. Using phase-field simulations, we focus on the
selection of the GB orientation between two competing grains and explore its dependence upon the
orientation of the two grains. In two dimensions (2D), we identify the range of crystal orientations
yielding a GB behaving according to classical theory and the occurrence of “unusual overgrowth” of
favorably oriented dendrites. In three dimensions, we study the effect of the azimuthal orientation of two
grains in a thin sample. We show that quasi-2D thin-sample simulations reproduce similar mechanisms as

observed in 2D simulations. We identify the combinations of azimuthal angles yielding a quasi-2D
behavior of GBs as well as the orientations that promote unusual overgrowth events. We also show that,
while converging GBs exhibit a weak dependence upon azimuthal angles, diverging GBs are strongly
affected by the azimuthal orientations of the two grains.

Bi-crystalline configuration in phase-field simulations (top) and reconstructed sample cross-sections from
2D simulations with different orientation combinations (bottom).
9:50 A.M. – 10:10 A.M. Dongsheng Li
INVESTIGATIONS OF PARTICLE-MEDIATED CRYSTAL GROWTH
Dongsheng Li, Pacific Northwest National Laboratory, Richland, Washington, United States
Jaehun Chun, Pacific Northwest National Laboratory, Richland, Washington, United States
Sebastien Kerisit, Pacific Northwest National Laboratory, Richland, Washington, United States
Kevin Rosso, Pacific Northwest National Laboratory, Richland, Washington, United States
Jim De Yoreo, Pacific Northwest National Laboratory, Richland, Washington, United States
Assembly of molecular clusters and nanoparticles in solution is now recognized as an important

mechanism of crystal growth in many materials, yet the assembly process and attachment mechanisms are
poorly understood. To achieve this understanding we are investigating the forces that drive oriented
attachment (OA) between nanocrystals and the factors that control them via AFM-based dynamic force
spectroscopy (DFS). Our hypothesis is that attachment is due to reduction of surface energy and the
driving forces that bring the particles together are a mix dipole-dipole interactions, van der Waals forces,
and Coulombic interactions. Therefore they can be controlled via temperature, ionic strength (IS), ionic
speciation, and crystal orientation. Crystallographically oriented mica with (001) plane as atomic force
microscopy (AFM) tip was fabricated. Mica is an ideal example to investigate due to its easily obtained
fresh and clean surface. We are able to directly measure the interaction forces between mica crystal (001)
facets at the separation of two layers of hydrated ions under various conditions to investigate the effects
of the controlling factors. Fewer studies have been published regarding surface lattice mismatch. Here we
established a complete theory of crystal surface-surface interaction in solutions, source of the driving
force for OA, the barrier to OA, and the factors that control them, including surface charge, solvent
exclusion, interface hydration, ionic strength, and crystal orientation.
10:30 A.M. – 10:50 A.M. Brian Giera
MESOSCALE PARTICLE-BASED MODEL OF ELECTROPHORETIC DEPOSITION
Brian Giera, Lawrence Livermore National Laboratory, Livermore, California, United States
Luis Zepeda-Ruiz, Lawrence Livermore National Laboratory, Livermore, California, United States
Electrophoretic deposition (EPD) describes the process in which field-driven particles accumulate at
electrodes and assemble into layers. The majority of EPD models provide continuum level descriptions of
mass deposition that inherently neglect particle-based interactions within the bulk suspension, growth
front, and deposit. These inter-colloidal interactions are necessary to understand the underlying physics
that govern particle rearrangement, defect formation, and the ultimate microstructure of the deposit. Here,
we present and evaluate a particle-based model of colloidal suspensions that undergo electrophoretic
motion[1] and deposition using an extensive set of mesoscale simulations that characterize experimentally
relevant colloidal suspensions. The model accurately describes diffusive and electrophoretic motion of
experimentally relevant colloidal suspensions. Since the model explicitly computes inter-colloidal
interactions, it is uniquely poised to elucidate how deposition conditions influence defect structures and
particle rearrangement within EPD colloidal crystals. We use the model to investigate how empirical
parameters, such as electric field strength and electrolyte concentration, can be tuned in order to control
the degree of colloidal ordering versus non-ordering that occurs during EPD. It is straightforward to
configure the model to study how various preparations of the interface, e.g. a bare surface, a lattice of
particles, an amorphous monolayer, etc., and also annealing schemes influence the deposit microstructure.
[1] Giera, B.; Zepeda-Ruiz, L. A.; Pascall, A. J.; Kuntz, J. D.; Spadaccini, C. M.; Weisgraber, T. H.
Mesoscale Particle-Based Model of Electrophoresis. Journal of the Electrochemical Society. The
Electrochemical Society 2015, pp D3030-D3035.
10:50 A.M. – 11:10 A.M. Sinno
ANALYSIS OF DNA-MEDIATED CRYSTALLIZATION OF FLOPPY COLLOIDAL
CRYSTALS

Talid Sinno, University of Pennsylvania, Philadelphia, Pennsylvania, United States
Ian C. Jenkins, University of Pennsylvania, Philadelphia, Pennsylvania, United States
Yifan Wang, University of Pennsylvania, Philadelphia, Pennsylvania, United States
John C. Crocker, University of Pennsylvania, Philadelphia, Pennsylvania, United States
Colloidal self-assembly provides a potential avenue for the design of novel devices with unique optical
and structural properties. Colloidal systems also provide useful insights into fundamental mechanisms of
phase transitions such as crystal nucleation, growth and melting that are otherwise difficult to probe in
atomic systems. A promising approach for realizing highly tunable colloidal assembly is to graft singlestranded DNA oligomer brushes onto the surfaces of particles in order to create attractive interactions
between them. Using this approach, micro- and nanoscale particles have now been successfully
assembled into numerous crystalline phases.
Here, we apply a combination of computational techniques including Monte Carlo and Brownian
dynamics simulations and free energy calculations to study crystallization and subsequent diffusionless
transformations in binary superlattice lattice crystals. The simulations are informed by an interparticle
potential function that was generated specifically for DNA-mediated interactions and verified
quantitatively by measurements.
The analysis here is focused on ‘CsCl-like’ binary colloidal crystals that are comprised of two particle
types arranged in an alternating pattern on a body-centered cubic lattice. This configuration, once formed,
is found to exhibit a variety of solid-solid transformations into several distinct child configurations. The
impacts of interparticle interaction and particle size ratio are discussed and shown to crucially determine
the outcome of the nucleation, growth, and transformation processes. The simulation results are
interpreted in the context of recent experimental observations.
Low Dimensional Materials / Energy
11:10 A.M. – 11:40 A.M. Yung Joon Jung
CATALYST-FREE, 1-2NM DIAMETER SI NANOWIRES AND THEIR HIGH-DENSITY
ALIGNED FILMS
Yung Joon Jung, Northeastern, Boston, Massachusetts, United States
Sanghyun Hong, Northeastern, Boston, Massachusetts, United States
Swastik Kar, Northeastern, Boston, Massachusetts, United States
George H. Kilmer, Northeastern, Boston, Massachusetts, United States
Due to the continuing demand for miniaturization in a broad range of applications, silicon nanowires
(SiNWs) have attracted enormous attention in the past decades. In order to fully harness the unique
chemical and quantum mechanical properties of SiNWs, it is essential to develop a scalable synthesis
method for fabricating highly dense and ultra-small SiNWs (below their Bohr diameter≈4 nm) with
precise control on diameter, crystallinity, density and alignment.
Here we present a new technique synthesizing ultra-small (d≈1-2nm, tens of micrometers long), highly
dense and aligned arrays of SiNWs formed directly in Si wafers by a dry etching process without the
assistance of any catalyst nanoparticles. This represents a formation mechanism that is completely
different from those of all known catalyst aided and catalyst-free etching/growth approaches. A
remarkable feature of our SiNW synthesis method is the ability to produce vertically or horizontally
aligned 1-2 nm SiNW’s with a very high density. This could be a novel approach to overcome the
fundamental challenges in current Si nanowires technologies.
11:40 A.M. – 12:00 A.M. Christine Orme

USING ELECTROPHORETIC DEPOSITION TO ASSEMBLE NANOCRYSTAL
SUPERLATTICES
Christine Orme, LLNL, Livermore, California, United States
Melody Golobic, LLNL, Livermore, California, United States
Babak Sadigh, LLNL, Livermore, California, United States
Norman Su, LBNL, Berkeley, California, United States
Jeff Urban, LBNL, Berkeley, California, United States
Three-dimensional nanocrystal assemblies are a promising form of solid material that can have properties
derived from both their individual building blocks as well as emergent cooperative phenomena. Reliable
synthesis of these films using a scalable method, however, is a major challenge. In this presentation we
explore the use of electrophoretic deposition as a means to deposit ordered superlattices over large surface
areas. We demonstrate that flux rate (controlled using the electric field) can be used to vary film order
from amorphous to polycrystalline packing. The degree of order is measured using imaging and grazing
incidence x-ray scattering. We use in situ quartz crystal microbalance to measure the deposition rate and
potential needed to initiate deposition and correlate these with ordering.
This work was supported by the Lawrence Livermore National Laboratory Directed Research and
Development Program, 16-ERD-033 and performed under the auspices of the U.S. Department of Energy
by Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344. Work at the
Molecular Foundry was supported by the Office of Science, Office of Basic Energy Sciences, of the U.S.
Department of Energy under Contract No. DE-AC02-05CH11231.
7:30 P.M. – 8:00 P.M. Oussama Moutanabbir
SILICON-GERMANIUM-TIN SEMICONDUCTORS: GROWTH AND PROPERTIES
Oussama Moutanabbir, Department of Engineering Physics, Ecole Polytechnique de Montreal,
Montreal, Quebec, Canada
Compound semiconductor alloys have been successfully used for a precise and simultaneous control of
lattice parameters and bandgap structures bringing to existence a variety of functional heterostructures
and low-dimensional systems. Extending this paradigm to group IV semiconductors will be a true
breakthrough that will pave the way to creating an entirely new class of silicon-compatible electronic,
optoelectronic, and photonic devices. With this perspective, germanium-tin (Ge1-xSnx) and germaniumsilicon-tin (Ge1-x-ySixSny) alloys have recently been the subject of extensive investigations as new
material systems to independently engineer lattice parameter and bandgap energy and directness. The
ability to incorporate Sn atoms into silicon and germanium at concentrations about one order of
magnitude higher than the equilibrium solubility is at the core of these emerging potential technologies. In
this presentation, we will address the epitaxial growth and stability of these metastable semiconductors.
We will also discuss the optical and electronic properties as well as the nature of the atomic order in Snrich Ge1-x-ySixSny. Moreover, based on in situ electron microscopy, we will present real time studies of
their thermal behavior which reveal unprecedented insights into the key phenomena that govern the
thermal decomposition and phase separation in strained, non-equilibrium materials.
8:00 P.M. – 8:30 P.M. Cristian Ciobanu
COMPUTATIONALLY GUIDED SYNTHESIS OF NANOSTRUCTURES FOR
HETEROGENEOUS CATALYSIS

Cristian Ciobanu, Colorado School of Mines, Golden, Colorado, United States
Branden Kappes, Colorado School of Mines, Golden, Colorado, United States
Svitlana Pylypenko, Colorado School of Mines, Golden, Colorado, United States
Brian Trewyn, Colorado School of Mines, Golden, Colorado, United States
Ryan Richards, Colorado School of Mines, Golden, Colorado, United States
Earth-abundant materials have been sought as substitutes for rare and expensive precious metals with a
focus on early transition metal carbides and nitrides, their structural, optoelectronic, magnetic properties,
and performance in a variety of catalytic applications. These materials are typically obtained utilizing
high temperature reactions with carbon and nitrogen sources in the gas phase, using metal, metal oxide or
metal salts as the starting material. However, these high temperature preparation routes generally do not
offer control over the composition, size and/or morphology. Such limitations are even more pronounced
for the carbides/nitrides of later transition metals (VIII-X), which are more abundant and less expensive,
but largely unexplored. To identify material compositions and structures with desirable properties,
materials discovery and design may be guided by high-throughput computational screening. Synthesis
and characterization can then focus on the most promising materials. However, employing direct
screening hinges on the assumption that the desired properties can be computed rapidly. When such
computation of properties is not possible, the current state-of-the-art relies on discovering descriptor
properties that can be computed easily and are correlated with the desired properties. Screening via such
descriptors should be fast and lead to an improved set of materials that can then be experimentally
realized. Furthermore, this approach leads to intriguing connections between desired properties and their
descriptors, which should be pursued to uncover the underlying fundamental physics and chemistry
responsible for such connections. Efficient computational screening for properties of nanoparticles
requires a high-throughput framework capable of handling the additional degrees of freedom associated
with surfaces such as their orientation, chemistry, and their interaction with the environment. This
specifically requires predictors beyond thermodynamic properties to include high-throughput, automated
calculations of reaction kinetics. Our initial studies have demonstrated this capability by the autonomous
determination of the dissociative adsorption energy barrier for hydrogen on the (111) surface of Ni3C.
8:30 P.M. – 8:50 P.M. Dongni Ren
BIOMIMETIC SYNTHESIS OF ULTRAHARD NANOSTRUCTURED MATERIALS INSPIRED
FROM THE MINERALIZED TEETH OF A CHITON
Dongni Ren, University of California, Riverside, Riverside, California, United States
Steven Herrera, University of California, Riverside, Riverside, California, United States
David Kisailus, University of California, Riverside, Riverside, California, United States
There is an increasing need for the development of multifunctional lightweight structural materials with
high strength that are both flexible and durable. Natural systems have evolved efficient strategies,
exemplified in the biological tissues of numerous animal and plant species, to synthesize and construct
composites from a limited selection of available starting materials that often exhibit exceptional
mechanical properties that are similar, and frequently superior to, mechanical properties exhibited by
many engineering materials. These biological systems have accomplished this feat by establishing
controlled synthesis and hierarchical assembly of nano- to micro-scaled building blocks. This controlled
synthesis and assembly require organic that is used to transport mineral precursors to organic scaffolds,
which not only precisely guide the formation and phase development of minerals, but also significantly
improve the mechanical performance of otherwise brittle materials.
One such example is found in the tongue-like feeding apparatus (radula) of the chiton, a marine snail that
produces one of the most abrasion-resistant structures in the animal kingdom. The chiton exhibits

selective biomineralization, with shell plates consisting of aragonitic CaCO3 and radular teeth
mineralized by iron oxides and iron phosphates. These teeth are templated by α-chitin and peptides that
enable precisely controlled formation of mineral. Here, we are utilize different hydrogels combined with
functionalized electrospun nanofibers to mimic the mineralization environment within the chiton radular
teeth. These fibers are used to control the nucleation and growth of iron oxides using a double diffusion
method to regulate mineralization rate. We report the synthesis-structure relationships as well as the
resulting mechanical properties of these nanostructured materials and provide insight into the mechanism
of the chiton’s mineralization process.

Wednesday, June 15
Self-Assembly
9:00 A.M. – 9:30 A.M. Kyle Naughton
BIOPHYSICAL CHARACTERIZATION OF REFLECTIN ISOFORMS FROM CEPHALOPODS
Kyle L. Naughton, University of California, Irvine, Irvine, California, United States
Long Phan, University of California, Irvine, Irvine, California, United States
Erica M. Leung, University of California, Irvine, Irvine, California, United States
Rylan Kautz, University of California, Irvine, Irvine, California, United States
Qiyin Lin, University of California, Irvine, Irvine, California, United States
Yegor van Dyke, University of California, Irvine, Irvine, California, United States
Benedetta Marmiroli, Graz University of Technology, Graz, Austria
Barbara Sartori, Graz University of Technology, Graz, Austria
Andy Arvai, Scripps Research Institute, La Jolla, California, United States
Sheng Li, University of California, San Diego, La Jolla, California, United States
Michael E. Pique, Scripps Research Institute, La Jolla, California, United States
Mahan Naeim, University of California, Irvine, Irvine, California, United States
Justin P. Kerr, University of California, Irvine, Irvine, California, United States
Mercedeez J. Aquino, University of California, Irvine, Irvine, California, United States
Victoria A. Roberts, University of California, San Diego, La Jolla, California, United States
Elizabeth D. Getzoff, Scripps Research Institute, La Jolla, California, United States
Chenhui Zhu, Lawrence Berkeley National Labratory, Berkeley, California, United States
Sigrid Bernstorff, Elettra Sincrotrone, Trieste, Italy
Alon A. Gorodetsky, University of California, Irvine, Irvine, California, United States
Cephalopods are well known for their remarkable camouflage abilities; they can modify their coloration,
texture, pattern, and reflectivity to blend into the surrounding environment. Such dazzling camouflage
abilities are partially enabled by specialized intracellular nanostructures that are composed of a unique
structural protein known as reflectin. We discovered that they possess common yet unique optical and
electrical properties, including protonic conductivities that are on par with state-of-the-art artificial
materials. We have also developed strategies for the self-assembly of unique proteins found in
cephalopod skin into dynamically tunable biomimetic camouflage coatings on both transparent and
flexible substrates. However, how the localization of these proteins affects the nanoscale/microscale
structure and accompanying dynamic optical properties of the resulting platelets is currently unknown.
We have performed extensive biophysical characterization of these proteins via scanning electron
microscopy (SEM), small-angle x-ray scattering (SAXS), grazing incidence small-angle x-ray scattering
(GISAXS), and grazing incidence wide-angle x-ray scattering (GIWAXS). Our findings may hold
implications for not only better understanding the mechanisms that cephalopods employ to dynamically
control their coloration but also for the development of bioinspired proton conducting materials and
modular infrared camouflage materials.
9:30 A.M. – 10:00 A.M. James De Yoreo
TUNING NUCLEATION PATHWAYS THROUGH SEQUENCE-ENGINEERING OF
BIOMIMETIC POLYMERS

James J. De Yoreo, Pacific Northwest National Laboratory, Washington, United States
Xiang Ma, Idaho State University, Washington, United States
Fang Jiao, Pacific Northwest National Laboratory, Washington, United States
Christina Newcomb, Pacific Northwest National Laboratory, Washington, United States
Shuai Zhang, Pacific Northwest National Laboratory, Washington, United States
Chun-Long Chen, Pacific Northwest National Laboratory, Washington, United States
Peptoids are a promising class of bioinspired polymers with unique properties bridging the gap between
proteins and bulk polymers, such as sequence specificity, thermal stability, and resistance to protease
digestion. Certain sequences form 1D fibers and 2D sheets, thus they are promising candidates for selfassembling protein-like materials. In this study investigated mechanisms of peptoid self-assembly and
related them to the underlying sequence. Several peptoids containing hydrophilic and hydrophobic side
chains were synthesized and found to self-assemble into 1D fibers, 2D bilayers, or 3D networks. Their
assembly pathways on mica were characterized using in situ AFM and related to solution species
observed by light scattering and TEM. While some sequences exhibited typical Langmuir adsorption and
classical nucleation pathways, slight changes in sequence led to hierarchical pathways involving
disordered precursors that transformed into ordered nuclei before growing, or aggregates that deposited
and spread laterally into single bilayers. During assembly of porous fibril-based networks, 3nm-high
“proto-fibers” comprised the basic building blocks. These extended laterally to create an initial 3-fold
symmetric array of fibers one molecule in width, and grew outward in 3nm increments to create a 3-fold
symmetric array of one-molecule wide fins and, ultimately, a 3D porous network. However, the protofibers formed via transformation of 5Å-high clusters with no apparent order. We found the nucleation rate
of 3 nm proto-fibers dramatically increased after an incubation time that increased with peptoid
concentration and decreased with calcium concentration. In contrast, appearance of 5Å clusters was
initially constant and rapid by, but their number reached a maximum before rapidly decreasing due to
conversion into 3 nm proto-fibers. Based on these results and XRD analysis of peptoid fibers and sheets,
we propose that small peptoid clusters form rapidly in solution and adsorb on mica to form 5Å-high
clusters in which petoids are randomly arranged and “lying down”. Over time, these conformationally
transform into 3nm-high bi-layer particles, which then grow in length by addition of molecules to the
fiber ends and in height by nucleation of new bilayers on the top. The kinetics of both phases also scale
with calcium concentration. Force spectroscopy measurements of binding free energies show the
observed scaling correlates with stronger peptoid-peptoid and peptoid-mica binding. We constructed a
kinetic model that considers competing rates of the various deposition, nucleation, and transformation
processes. The predictions agree with the observations and place bounds on the magnitude of kinetic
terms controlling the assembly pathway.
10:30 A.M. – 11:00 A.M. SonBinh Nguyen
DNA-DIRECTED ASSEMBLY OF SUPRAMOLECULAR STRUCTURES AND
NANOPARTICLES
SonBinh T. Nguyen, Northwestern University, Evanston, Illinois, United States
Among natural biopolymers, oligonucleotides such as DNA and RNA possess the unique ability to selfassemble into a unique double-stranded helix form in ionic media based on a combination of H-bonding
of bases, π-π stacking of base pairs, and electrostatic stabilization of the phosphate backbone. In
particular, the stable DNA-based helix, with a diameter of ~2 nm and persistence length of ~50 nm has
long been used as a key building block for molecular assemblies and nanostructures. The high specificity
and predictability of nucleic acid base-pairing interactions at the molecular level can be readily translated
into versatile control of assembly interactions at the nanoscale, enabling the formation of a variety of

topologically distinct DNA-based constructs such as rings, boxes, tubes, and crystals. Coupling DNA to
nanoparticles (NPs), organics, and polymers has also led to the synthesis of spherical nucleic acids
(SNAs), DNA-linked macroscopic crystals of NPs, nucleic acid-based polymeric nanoparticles, and
DNA-polymer hybrids, which are of growing importance as building blocks in materials science, labels
for in vitro and intracellular diagnostics, and delivery agents in therapeutic applications.
In this presentation, we will discuss how small molecule-DNA hybrids (SMDHs), comprising multiple
DNA strands covalently attached to small-molecule cores, can be used as well-defined DNA-containing
bonding elements for the assembly and crystallization of gold nanoparticles (AuNPs). Through the use of
these SMDHs as branching points, divalent and trivalent DNA linkers were readily incorporated into the
oligonucleotide shells that define DNA-NPs and enable the change of “bond strength” between particles
and therefore modulate the effective “bond order.” In addition, the improved accessibility of strands
between neighboring particles, either due to multivalency or modifications to increase strand flexibility,
gives rise to crystalline superlattices with less strain in the crystallites compared to traditional designs.
Furthermore, the increased availability and number of binding modes also provide a new variable that
allows previously unobserved crystal structures to be synthesized, as evidenced by the formation of a
thorium phosphide (Th3P4) superlattice.

11:00 A.M. – 11:20 A.M. Jiajun Chen
SELF ASSEMBLY OF PHAGE SELECTED PEPTIDES ON MOS2 SURFACES
Jiajun Chen, University of Washington, Seattle, Washington, United States
Hyunpil Boo, UCLA, Los Angeles, California, United States
Yu Huang, UCLA, Los Angeles, California, United States
James De Yoreo, Pacific Northwest National Laboratory, Richland, Washington, United States
Two-dimensional layered materials like MoS2 represent a unique class of material systems that possess a
wide range of novel electronic and mechanical properties. While the synthesis of these materials to date
has largely relied on exfoliation processes and chemical vapor deposition approaches, which are difficult
to control and scale to large areas, ligand-controlled solution-based chemical synthesis offers an
alternative method. With the help of phage display techniques, specific peptides can be selected and
identified for controlling the growth of 2D layered materials and further guide the structural selection of
more stable, non-peptide-based ligands and polymers.
In our study, a short peptide with 7 amino acids was selected to specifically bind on the (0001) face of

MoS2. We are using in situ AFM to investigate how the peptides assemble on that surface and relating the
assembly pathway and structure to the peptide sequence, as well as to the underlying peptide-peptide and
peptide-substrate interactions.
Our results show that, during the assembly process, several peptides first joined together to form a
1.3nm×4nm building block. These units then packed closely to form uniform rows with a width of 2.6nm
along the three equivalent [-1100] directions. Rows pointing in the same direction further generated larger
domains of parallel rows running in all three directions. The distances between these rows is uniform but
can be altered via the assembly conditions. We find that the growth rate of these domains dramatically
increases with the peptide concentration. Moreover, high concentrations lead to smaller aspect ratios of
the domains due to the greater likelihood of nucleating new rows. The results demonstrate that the
structural relationship between the peptide and substrate is highly specific and argue for a true epitaxial
relationship that dictates both the local order and the final macroscopic morphology.
11:20 A.M. – 11:40 A.M. Fang Jiao
SELFREPAIR AND PATTERNING OF 2D MEMBRANE LIKE PEPTOID MATERIALS
Fang Jiao, Pacific Northwest National Laboratory, Washington, United States
Yulin Chen, Pacific Northwest National Laboratory, Washington, United States
Haibao Jin, Pacific Northwest National Laboratory, Washington, United States
Michael D. Daily, Pacific Northwest National Laboratory, Washington, United States
Pingang He, Pacific Northwest National Laboratory, Washington, United States
Chunlong Chen, Pacific Northwest National Laboratory, Washington, United States
James J. De Yoreo, Pacific Northwest National Laboratory, Washington, United States
Two-dimensional (2D) materials are of increasing interest for use in filtration, sensing, nanoelectronics,
and biomedical devices due to their unique properties. Peptoids are a class of biomimetic sequencedefined polymers for which certain amphiphillic sequences self-assemble into 2D crystalline materials
with properties that mimic those of cell membranes. Using in situ AFM to both dissect these membranelike materials and image their subsequent behavior, we explore their ability to self-repair on a range of
solid substrates. We show that, in a suitable range of pH, self-repair occurs on both negatively and
positively charged substrates and can even occur in the absence of an underlying surface. Following
dissection of pre-assembled peptoid membranes and upon introduction of a peptoid monomer solution,
peptoids repair the damage by assembling at the newly created edges. The speed of the advancing edge
depends on the edge orientation, reflecting the two-fold symmetry of the underlying peptoid lattice.
Moreover, because the membranes are stabilized by hydrophobic interactions, if the solution contains
peptoids possessing an identical sequence in the hydrophobic block but a distinct hydrophilic block,
filling of the defects creates membranes that are patterned at the nanoscale. Consequently, we can utilize
this ability to self-repair to create nm-sized patterns of distinct functional groups within a single coherent
membrane.
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