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WELCOME TO THE CONFERENCE ON
ADVANCES IN FUNCTIONAL MATERIALS 2019

Overview
After the grand success of the 1st, 2nd, 3rd and 4th edition of Advances in functional Materials (AFM)
Conference, we, the Conference Co-chairs and the organizing committee welcome you again to
the 5th International Conference on Advances in Functional Materials (AFM 2019) that is going to
be held at George Washington University (GWU) in Washington, D.C from July 22-24, 2019.
The Washington, D.C., provides for unparalleled access to leading international institutions,
multinational corporations, global media outlets, and the governments of 177 countries via their
resident embassies.
The objective of this international event is to present and share up to date researches and findings
in the field of functional materials science. The conference will provide a platform for the
researchers to find global partners for future collaboration. A large number of participants
including scientists, engineers, educators and students from all over the world will attend this
event.
In order to maintain the quality of the presented work, all the abstracts have been reviewed by
international researchers carefully. Conference participants will benefit from opportunity to submit
full original articles for consideration at Applied Composite Materials, a multi-disciplinary journal
(impact factor 1.55) published by Springer.
In addition, the participants of the conference will also be able to attend the talks from our highlyreputed Keynote Speakers from all over the world.
The venue of the conference is always carefully chosen for you to spend quality and enjoyable
time on and off the conference. Washington DC is an ideal location for leisure and recreational
activities. Magnificent nature, abundant tourist assets, convenient access and lodgings, warm and
friendly people.
We are warm-heartedly extending our welcome to you and hope that you will join us in GWU for
a stimulating Conference, a friendly gathering amongst friends and simply a good time.
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Dr. Abbas Amini (Western Sydney University, Sydney, Australia)
2. 2D Physics and Device :
Prof. Philip Kim (Harvard University, USA)
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Prof. Allen Bard, (University of Texas at Austin)
Dr. Rod Borup (Los Alamos National Laboratory),
Dr. Yu Seung Kim (Los Alamos National Laboratory chemistry)
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Prof. Shao-Horn Yang (Massachusetts Institute of Technology),
Dr. Vojislav R. Stamenkovic (Argonne National Laboratories),
Prof. Liming Dai (Case Western Reserve University),
Prof. Yu huang (University of California Los Angeles)
6. Catalysis/Photocatalysis:
Prof. Xinhe Bao, (Chinese Academy of Sciences, China)
Prof. Nanfeng Zheng (Xiamen University, China)
Prof. Hong Yang (University of Illinois, USA)
Prof. Yat Li (University California, SANTA, USA)
Prof. Yadong Li (Tsing Hua University, China)
Prof. Peidong Yang (University California Berkerley, USA)
Prof. Fuat Celik (Rutgers University, New Jersey, USA)
Prof. Jean-Marie Basset (Director, KAUST Catalysis Research Center)
Prof. Tae Jin Kim (Stony Brook University, Stony Brook, USA)
7. Flexible/Wearable electronics:
Prof. John Rogers (University of Illinois, USA)
Prof. Zhenan Bao (Stanford University, USA)
Prof. Younghee Lee (Sungkyunkwan University, Korea)
Prof. Marc Hersam (Northwestern University, USA)
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8. Nanobio:
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Prof. Weihong Tan (University of Florida, USA)
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9. Porous materials:
Prof.Omar Yaghi (University of California, Berkeley, USA)
Prof. Dongyuan Zhao (Fudan University, China)
Prof. Pingyuan Feng (University of California, Santa Barbara, USA)
10. Nanocrystals synthesis/assembly:
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11. Imaging and 3D image:
Prof. James De Yoreo (University of Washington, USA)
Prof. John Miao (University California, Los Angles, USA)
Prof. Haimei Zheng (Lawrence Berkeley National Laboratory, USA)
Prof. Angus Kirkland (University of Oxford, UK)
Prof. Xiaoqing Pan (University of California,USA)
Prof. Alexander Korsunsky (University of Oxford UK)
12. Nanophotonics:
Prof. Harry Atwater (California Institute of Technology, USA)
Prof. Qihua Xiong (Nanyang Technological University, Singapore)
Prof. Teri Odom (Northwestern University, USA)
Prof. Xiaoyang Zhu (Columbia Chemistry, USA)
13. Theory:
Prof. William A. Goddard (California Institute of Technology, USA)
Prof. Philip Sautet, (Prof. Philip Sautet, France)
Prof. Anastassia N. Alexandrova (University of California, Los Angeles, USA)
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Ray Baughman
Robert A. Welch Distinguished Chair in Chemistry
Director of the Alan G. MacDiarmid NanoTech Institute
University of Texas in Dallas

Electrochemical Artificial Muscle Yarns And Textiles That Harvest And
Store Environmentally Available Energies
Mechanical energy harvesters are needed for such diverse applications as self-powered wireless sensors, structural
and human health monitoring systems, and cheaply harvesting energy from ocean waves. The here reported nanofiber
yarn harvesters can electrochemically convert tensile or torsional mechanical energy into electrical energy. Stretching
coiled yarns generated 250 W/kg of peak electrical power when cycled up to 30 Hz, and up to 41.2 J/kg of electrical
energy per mechanical cycle, when normalized to the weight of the harvester yarn. Unlike for other harvesters,
torsional rotation produces both tensile and torsional energy harvesting and no bias voltage is required, even when
electrochemically operating in salt water. Since homochiral and heterochiral coiled harvester yarns provide oppositely
directed potential changes when stretched, both contribute to output power in a dual-electrode yarn. These energy
harvesters were used in the ocean to harvest wave energy, combined with thermally-driven artificial muscles to convert
temperature fluctuations to electrical energy, sewn into textiles for use as self-powered respiration sensors, and used
to power a LED and to charge a storage capacitor. The development of “piezoelectrochemical spectroscopy” and
insights into the hierarchical origins of capacitance increased fundamental understanding. When run in the reverse
direction, these muscle types can provide powerful artificial muscles, and the same fibers used as harvesters and
muscles can be used to store electrical energy. This work is collaborative with researchers at Hanyang University,
University of Texas at Dallas, Lintec of America; Jiangnan Graphene Research Institute, Virginia Tech, and the
Wright-Patterson Air Force Research Laboratory.

10

Yugang Sun
Department of Chemistry, Temple University

Quantum-Sized Metal Nanoparticles Catalyzing the Selective Photon-toChemical Energy Conversion
The incompatibility of the energy of a solar photon and the absorption band of a chemical bond prevents the use of
light to activate the chemical bond for interesting chemical reactions directly. This presentation will focus on a
strategy that enables the efficient coupling of photon energy into chemical bonds to selectively promote the desired
chemical reactions. The strategy relies on the generation of hot electrons in quantum-sized metal nanoparticles
(QSMNPs, with size < 10 nm) upon photo-illumination and the next efficient injection of the hot electrons into specific
chemical bonds. The redistribution of hot electrons in the chemical bonds dissipates the kinetic energy of hot electrons
to the chemical bonds, activating the chemical bonds to promote the target chemical reactions. These sequential
processes occur in a confined space, representing a series of quantum transitions, i) optical-to-electronic transition in
quantum-sized metal nanoparticles (i.e., hot electron generation), ii) electronic-to-electrical transition at the
nanoparticle/adsorbate interface (i.e., hot electron injection), and iii) electrical-to-electronic transition in adsorbate
molecules (i.e., chemical bond activation). Selective oxidation of alcohols to aldehydes rather than ketones/acids, a
class of important chemical reactions for many industrial processes (e.g., esterification), will be used as an example
to highlight the use of QSMNPs for photo-driven selective chemical transformation on platinum group metal (PMG)
nanoparticle catalysts, which do not exhibit strong optical absorption. Current practices primarily rely on the use of
strong oxidants (e.g., permanganate and dichromate), which are too strong in oxidizing power to prevent overoxidation of alcohols to ketones. These strong oxidants are usually toxic and have to be removed from the products.
In contrast, using ambient oxygen as oxidant is promising to develop an environmentally friendly synthesis strategy
that does not require additional separation. However, ambient oxygen is lack of the power to oxidize alcohols at mild
temperatures. Therefore, precisely controlling the oxidizing power of the oxidants becomes crucial to promote the
selective oxidation of alcohols to aldehydes. The PMG QSMNPs are used to improve the selective oxidation with
ambient oxygen by converting the molecular oxygen adsorbed on the catalyst to more active species when the
QSMNPs absorb visible light.
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Ghim Wei
Department of Electrical and Computer Engineering,
Department of Materials Science, National University of
Singapore

Tailored Nanostructures for Photo/Photothermal Energy Conversion
Functionalities
Using readily available renewable resources i.e. solar energy and seawater to secure sustainable fuel and freshwater
for humanity is an impactful quest. Here, we have designed solar thermal collector nanocomposites with Ag that
possess efficient photothermic properties for highly targeted interfacial phase transition reactions that are
synergistically favorable for both catalysis and vaporization reactions. The photothermic effect arises from plasmonic
metal nanoparticles exhibits localized interfacial heating which directly triggers surface-dominated catalysis and steam
generation processes, with minimal heat losses, reduce thermal masses and optics implementation. The solar thermal
collector nanocomposites are seawater and photo stable for practical solar conversion of seawater to simultaneously
produce clean energy and water. Finally, a proof-of-concept all-in-one compact solar hydrogen and distillate
production prototype demonstrates the viability of sustainable photothermic driven catalysis and desalination of
seawater under natural sunlight. Also, other photothermal pyro/thermogalvanic electricity and actuation capabilities
are also demonstrated. Proof-of-concept demonstrations for concurrent photothermal management and enhanced solar
thermal locomotion/energy generation devices under real outdoor environment are also validated.
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Richard B. Kaner
Department of Chemistry and Biochemistry,
University of California, Los Angeles (UCLA)

Conjugated Nanostructured Polyaniline for Emergent Membrane
Technologies
Polyaniline, in the family of conjugated polymers, has emerged as an ideal functional material for numerous
applications. Its ease of synthesis and processability will spur even more technological advances in the field.
In particular, polyaniline in its nanostructured form as nanofibers can be produced through template-free and
readily scalable methods using interfacial polymerization or rapidly mixing aniline, oxidant and acid. [1-3] We
have found that the formation of nanofibers requires suppression of secondary growth and the facilitation of
heterogeneous nucleation.[4] Polyaniline nanofibers can be used as chemiresistors, mechanical actuators
(artificial muscles), catalysts and volatile memory devices.[1,5-7] Recently, polyaniline has drawn our attention
with its superior performance for membrane filtration technologies due to its hydrophilic nature.[8]
Incorporation of functionalized polyaniline nanofibers into ultrafiltration membranes can lead to low fouling
and chlorine tolerant properties[9,10] This has been further demonstrated by blending carbon nanotubes or
sulfonated self-doped polyaniline into polysulfone to significantly improve hydrophilicity of the
ultrafiltration membranes, further enhancing fouling resistance. Another way of tuning flux and selectivity
of the membrane is by adding carbon nanotubes and applying flash welding which takes advantage of
polyaniline nanofibers’ high photothermal conversion efficiency. [11,12]
[1] Huang, J., Virji, S., Weiller, B.H., Kaner, R.B., 2003. Polyaniline nanofibers: Facile synthesis and
chemical sensors. J. Am. Chem. Soc. 125, 314–315.
[2] Huang, J., Kaner, R.B., 2004. A General Chemical Route to Polyaniline Nanofibers. J. Am. Chem. Soc.
126, 851–855
[3] Li, D., Huang, J., Kaner, R.B., 2009. Polyaniline Nanofibers: A Unique Polymer Nanostructure for
Versatile Applications. Acc. Chem. Res. 42, 135–145.
[4] Huang, J., Kaner, R.B., 2004. Nanofiber formation in the chemical polymerization of aniline: A
mechanistic study. Angew. Chemie - Int. Ed. 43, 5817–5821.
[5] Baker, C.O., Shedd, B., Innis, P.C., Whitten, P.G., Spinks, G.M., Wallace, G.G., Kaner, R.B., 2008.
Monolithic actuators from flash-welded polyaniline nanofibers. Adv. Mater. 20, 155–158.
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[6] Gallon, B.J., Kojima, R.W., Kaner, R.B., Diaconescu, P.L., 2007. Palladium nanoparticles supported on
polyaniline nanofibers as a semi-heterogeneous catalyst in water. Angew. Chemie - Int. Ed. 46, 7251–7254.
[7] Tseng, R.J., Huang, J., Ouyang, J., Kaner, R.B., Yang, Y., 2005. Polyaniline nanofiber/gold nanoparticle
nonvolatile memory. Nano Lett. 5, 1077–1080.
[8] Guillen, G.R., Farrell, T.P., Kaner, R.B., Hoek, E.M.V., 2010. Pore-structure, hydrophilicity, and particle
filtration characteristics of polyaniline-polysulfone ultrafiltration membranes. J. Mater. Chem. 20, 4621–
4628.
[9] Huang, X., McVerry, B.T., Marambio-Jones, C., Wong, M.C.Y., Hoek, E.M.V., Kaner, R.B., 2015. Novel
chlorine resistant low-fouling ultrafiltration membrane based on a hydrophilic polyaniline derivative. J.
Mater. Chem. A 3, 8725–8733.
[10] McVerry, B.T., Temple, J.A.T., Huang, X., Marsh, K.L., Hoek, E.M.V., Kaner, R.B., 2013. Fabrication
of low-fouling ultrafiltration membranes using a hydrophilic, self-doping polyaniline additive. Chem. Mater.
25, 3597–3602.
[11] Liao, Y., Farrell, T.P., Guillen, G.R., Li, M., Temple, J.A.T., Li, X.G., Hoek, E.M.V., Kaner, R.B., 2014.
Highly dispersible polypyrrole nanospheres for advanced nanocomposite ultrafiltration membranes. Mater.
Horizons 1, 58–64. Featured on the cover.
[12] Liao, Y., Li, X.G., Hoek, E.M. V, Kaner, R.B., 2013. Carbon nanotube/polyaniline nanofiber
ultrafiltration membranes. J. Mater. Chem. A 1, 15390–15396.
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Thomas J. Webster
Art Zafiropoulo Chair, Department Chair, Chemical Engineering,
Northeastern University; Founding Editor, International Journal of
Nanomedicine; Associate Editor, Nanomedicine: NBM; Fellow,
AANM, AIMBE, BMES, FSBE, IJN, NAI and RSM

Goodbye Hospitals: Hello Implantable Nanosensors
There is an acute shortage of organs due to disease, trauma, congenital defect, and most importantly, age related
maladies. While tissue engineering (and nanotechnology) has made great strides towards improving tissue growth,
infection control has been largely forgotten. Critically, as a consequence, the Centers for Disease Control have
predicted more deaths from antibiotic-resistant bacteria than all cancers combined by 2050. Moreover, there has been
a lack of translation to real commercial products. This talk will summarize how nanotechnology can be used to increase
tissue growth and decrease implant infection without using antibiotics but using sensors (while getting regulatory
approval). Our group has shown that nanofeatures, nano-modifications, nanoparticles, and most importantly,
nanosensors can reduce bacterial growth without using antibiotics. This talk will summarize techniques and efforts
to create nanosensors for a wide range of medical and tissue engineering applications, particularly those that have
received FDA approval and are currently being implanted in humans.
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Yadong Yin
University of California, Riverside,

Nanoscale Synthesis and Assembly to Smart Optical Materials
Smart materials hold great promises for many intrigue applications as they exhibit chemical and physical responses to
the applied external stimuli. This presentation will focus on nanostructured materials with responsive optical
properties that can find applications in printing, sensing, signage, security documents, and displays. We will discuss
our recent progresses on the development of chemical synthesis and assembly approaches for the fabrication of various
nanostructured materials whose optical properties can be dynamically tuned by controlling the spatial arrangement of
the nanoscale building blocks. Many novel optical materials could be developed by manipulating the diffraction,
refraction, birefringence, and electronic resonances through controlling the interaction between light and the
nanostructures.
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El-Sayed, Mostafa A
Julius Brown Chair and Regents Professor,
Department of Chemistry and Biochemistry, Georgia Tech.
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Anthony Guiseppi-Elie
Bioelectronics, Biosensors and Biochips (C3B®), Department of
Biomedical Engineering, Department of Electrical and Computer
Engineering, Texas A&M University

Responsive Polymers in Multiplexed Microanalytical
Biosensor Systems
A wide range of materials chemistries results in the synthesis of hybrid, multifunctional, bioactive, and
electroconductive hydrogels that enable control of the ABIO-BIO interface of indwelling multiplexed analytical
microsystems. This paper surveys ongoing research at the Center for Bioelectronics, Biosensors and Biochips (C3B ®)
that is aimed at: i) A penta-analyte biosensor, the PSM BioChip™, for the monitoring of key biomarkers of
physiological stress during trauma-associated hemorrhage. This intramuscularly indwelling microsystem measures
lactate, glucose, potassium, oxygen tension and pH (acidosis). The system uses decision tree, artificial neural networks
and expert data to fuse sourced analytical data into a single real-time, reportable, actionable score useful in mass triage,
trauma resuscitation management and ICU monitoring. ii) A dual-function 24-well Electrical Cell Stimulation and
Recording System (ECSRS™) for the concomitant electrification of human inducible pluripotent stem cells (hiPSCs)
to guide differentiation while monitoring and modeling trans-membrane electrical impedance as a tool to evaluate
cellular behavior. This system applies electric fields of relevant physiological values to cells grown in culture on
microporous inserts and does so for long periods with scheduled intermittent measures of electrical impedance spectra.
iii) A dual-responsive biosensor system that uses biologically responsive organic electronic circuit elements for the
fused monitoring of glucose and lactate levels reported wirelessly via the output of an oscillator circuit. iv) A
biosensor-enabled, dual-sensing microfluidic system that recapitulates vascular physiology for the investigation of
flow fields, agonists and antagonists on human inducible pluripotent stem cells (hiPSCs) derived endothelial cells
(ECs) from patients with Hutchinson-Gilford progeria syndrome (HGPS). This microfluidic vasculature-on-a-chip
system measures nitric oxide (NO) and reactive oxygen species (ROS) as key indicators of vascular response to stress.
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Vivek Shenoy
School of Engineering and Applied Sciences
University of Pennsylvania

Cell-Matrix Interactions in Cancer and Fibrosis: Multiscale ChemoMechanical Models
Cell invasion into the surrounding matrix from non-vascularized primary tumors is the main mechanism by which
cancer cells migrate to nearby blood vessels and metastasize to eventually form secondary tumors. This process is
mediated by an intricate coupling between intracellular and extracellular forces that depend on the stiffness of the
surrounding stroma and the alignment of matrix fibers. A multiscale model is used to elucidate the two-way feedback
loop between stress-dependent cell contractility and matrix fiber realignment and strain stiffening, which enables the
cells to polarize and enhance their contractility to break free from the tumor and invade into the matrix. Importantly,
our model can be used to explain how morphological and structural changes in the tumor microenvironment, such as
elevated rigidity and fiber alignment prior to cell invasion, are prognostic of the malignant phenotype. The model also
predicts how the alignment of matrix fibers can recruit macrophages, which are among the first responders of the
innate immune system following organ injury and are crucial for repair, resolution, and re-establishing homeostasis
of damaged tissue. I will discuss how the deformation of the nucleus during migration can lead to changes in the
spatial organization of chromosomes and their intermingling which can result in genetic mutations and genomic
instability. I will also discuss how targeting extracellular matrix mechanics, by preventing or reversing tissue stiffening
or interrupting the cellular response in cancer and fibrosis, is a therapeutic approach with clinical potential.
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Woo Seok Choi
Department of Physics, Sungkyunkwan University,
Suwon 16419, Republic of Korea

Dimensional Crossover of Spin Ordering in Artificial Oxide Superlattices

Artificial crystals synthesized by atomic-precision epitaxy is a suitable platform for the exploration and
understanding of the quantum mechanical regime. A judiciously designed 3D to 2D dimensional crossover
can be realized using the method. Atomic-layer control is frequently employed in transition metal oxides for
the emergent quantum phenomena such as magnetoelectric coupling, Mottronics, and topological electronics.
In particular, thickness dependents metal-insulator transition (MIT) is a one of the key topics for the atomicscale electronics, which let us assess the low dimensional behavior of a material, which is intertwined with
spin ordering.
In this presentation, we demonstrate the dimensional crossover-induced MIT of SrRuO3 (SRO) in atomically
designed SRO/SrTiO3 (STO) superlattices (SLs) using Pulsed Laser Epitaxy (PLE). The alignment of O-2p
bands across the SRO/STO interface lead to the absence of the electronic reconstruction, which usually
prevails in most oxide heterostructures. The absence of the charge transfer across the interface enable us to
study an intrinsic dimensional crossover effect of SRO. Indeed, an intrinsic MIT of SRO was clearly revealed
with a combined magnetic phase transition, from a ferromagnetic metallic phase to an antiferromagnetic
insulating phase. Furthermore, we will discuss a dimensional instability for the 2 u.c. of SRO layers,
indicative of a strong coupling between spin and charge ordering.
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Hyoyoung Lee
Center for Integrated Nanostructure Physics (CINAP),
Institute for Basic Science (IBS), Department of Chemistry,
Sungkyunkwan University, Republic of Korea

Low energy bandgap semiconducting materials and their Applications

To have low energy band gap to absorb all ranges of lights including ultraviolet, visible and near-infrared,
and simultaneously to keep high charge transport property of semiconducting materials has been paid
attention. Here, we report low energy band gap semiconducting materials including transition metal
chalcogenides such as CoVSP [1] and modified MoS2 [2], and their possible applications. In addition, we
like to introduce phase-selectively reduced P-25 TiO2 nanoparticles that has an ordered anatase (OA) and
disordered rutile (DR) phase (named as OA/DR) blue P-25 TiO2 [3] and also disordered anatase (DA) and
ordered white-rutile (OR) blue P-25 TiO2 (named as DA/OR) blue P-25 TiO2 nanoparticles (NPs) prepared
under room-temperature, ambient atmosphere in solution processing. The strong reducing agents of metal–
alkyl diamines can disorder only one phase out of the rutile phase or anatase phase of P-25. The resulting
phase-selective reduced TiO2 showed a blue color nanoparticles with high hydroxy groups (-OH) and high
oxygen vacancy Ti3+, which was confirmed with XPS analysis. To confirm photocatalytic effects of the blue
TiO2 NPs, various solar light or visible driven applications such as hydrogen evolution reaction (HER),
removal of algae and bacteria, CO2 reduction to hydrocarbon and N2 reduction to ammonia, and organic
carbon-carbon C-H coupling reactions will be introduced.
[1] Ngoc Quang Tran, Quoc Viet Bui, Minh Hung Le, Yoshiyuki Kawazoe, Hyoyoung Lee*, AnionCation Double Substitution in Transition Metal Dichalcogenide to Accelerate Water Dissociation Kinetic
for Electrocatalysis, Advanced Energy Materials, 1702139, (2018).
[2] Hanleem Lee, Sora Bak, Yunhee Cho, Meeree Kim, Se Hwang Kang, Sung Wng Kim, Hyoyoung
Lee*, Hydrogen adsorption engineering by Intramolecular Proton transfer on 2D nanosheets, NPG Asia
Materials, 10, 441-454, (2018).
[3] Kan Zhang, Luyang Wang, Jung Kyu Kim, Ming Ma, Ganapathy Veerappan, Chang-Lyoul Lee, Kijeong Kong, Hyoyoung Lee* and Jong Hyeok Park*, An order/disorder/water junction system for highly
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efficient co-catalyst-free photocatalytic hydrogen generation, Energy & Environmental Science, Energy
& Environmental Science, 9, 499-503 (2016).
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2D thermoelectric materials: Role of the lattice thermal conductivity by
Udo Schwingenschlogl
Udo Schwingenschlogl
King Abdullah University of Science and Technology (KAUST), Physical Science and
Engineering Division (PSE), Thuwal 23955-6900, Saudi Arabia
The presentation gives an overview of ab-initio calculations [1-3] addressing the thermoelectric performance of
MXenes. Specific examples include a comparison of Ti2CO2, Zr2CO2, and Hf2CO2 in order to evaluate the role of the
metal atom. The lattice thermal conductivity is demonstrated to grow along the series Ti-Zr-Hf in the temperature
range 300-700 K, resulting in the highest figure of merit in the case of Ti 2CO2. Flat conduction bands promote the
thermopower in the case of n-doping. Functionalization effects are studied for Sc2C, which is semiconducting for
various functional groups, including O, F, and OH. The lowest lattice thermal conductivity is found for OH
functionalization. Despite a relatively low thermopower, Sc2C(OH)2 therefore and due to a high electrical conductivity
can be interesting for intermediate-temperature thermoelectric applications. We also discuss results on
heterostructures built of MXenes and transition metal dichalcogenide monolayers. Low frequency optical phonons are
found to occur as a consequence of the van der Waals bonding. They contribute significantly to the thermal transport
and compensate for reduced contributions of the acoustic phonons (strong scattering in heterostructures), such that the
thermal conductivities become similar to those of the constituent MXenes.
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Extremely tough and versatile cyclic peptide nanopolymers
Manoj Kolel-Veetil and Kenan P. Fears
Chemistry Division, US Naval Research Laboratory, Washington DC 20375

We present a new class of bioinspired nanomaterials that are stabilized by a combination of covalent and hydrogen
bonds. Prior work by others has shown that cyclic peptides can self-assemble to form supramolecular assemblies
through backbone-backbone hydrogen bonding. To improve upon this molecular architecture, we develop a synthesis
route to polymerize cyclic peptides and form a linear polymer chain that can transition between a rigid nanorod and a
“soft” unfolded conformation. For a cyclic peptide polymer containing amine-terminated side chains on each ring, we
demonstrate self-assembly can be triggered in aqueous solutions by varying the pH. We measure the elastic modulus
of the rigid nanorods to be ca. 50 GPa, which is comparable to our molecular dynamics (MD) prediction (ca. 64 GPa).
Our results highlight the uniqueness of our molecular architecture, namely their exemplary toughness (up to 3 GJ m 3
), in comparison to other cyclic peptide-based assemblies. Finally, we demonstrate these cyclic peptide nanopolymers
are very advantageous for several biomedical and nanotechnological applications.
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A Broadband Absorber Based on One-dimensional Plasmonic Radial
Sandwich Structures
Yang, Gui, Mao*, Wang
Institute of Microelectronics of Chinese Academy of Sciences, Beijing, P. R. China
In recent years, with wide applications of optoelectronic and photothermal devices, light absorption structures
have been extensively studied, including antireflective film, light trapping structures, and plasmonic sandwich
structures. However, most of the reported absorbers either can only enhance absorption in narrow light bands or require
extremely complicated fabrication processes [1-3]. In this work, a broadband absorber based on one-dimensional
plasmonic radial sandwich structures (1D-PRSSs) is presented, in which, polymer nanowire forests are utilized as
supporting core structures. The 1D-PRSSs prepared in this work can take use of not only light trapping effect of the
nanoforests but also surface plasmon resonance (SPR) effect of the sandwich structures, thus to achieve high
absorption in a broad band.
Fabrication process of the 1D-PRSSs starts with physical depositions of Al and SiO2 layers. Then, a polyimide
(PI) layer is spin-coated on surface of the SiO2 layer. Later on, O2 and Ar plasma stripping are adopted to bombard
the PI layer for nanowire forests. Finally, Ag nanoparticles are sputtered on the forests to form metal-insulator-metal
1D-PRSSs (Fig. 1(a)). Scanning electron microscope (SEM) images of the 1D-PRSSs are illustrated in Fig. 1((b) and
(c)), as shown, the 1D-PRSSs are with diameters of ~100 nm, and heights of ~1.7 m.

Fig. 1 (a-c) Schematic diagram of the fabrication process and SME images of the 1D-PRSSs.
As demonstrated in Fig. 2(a), when light is incident onto the 1D-PRSSs, it is reflected by the Al layer and is then
trapped in the 1D-PRSSs. Later on, the light in the 1D-PRSSs stimulates SPR both among the individual 1D-PRSSs
and among the metal nanoparticles repeatedly. Ascribe to an overlay effect of SPR in different wavelength bands, the
1D-PRSSs are able to achieve a high absorption (with average value of 90.10%) within a broad wavelength range of
250-2500nm (Fig. 2(b)). Besides, since the metal-insulator-metal structure of individual 1D-PRSS is relatively
symmetrical in X and Y axis, thus polarized incident light can stimulate SPR both along the X and Y axis. That is to
say, high absorption in broad band is not dependent on polarization of the incident light (Fig. 2(c)). Moreover, the 1D-
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PRSSs also exhibit broadband absorption at large incident angles (shown in Fig.2(d)). Although absorption peaks shift
when incident light angle changes from 10° to 60°, the average absorption can remain a large value above 89.34%.

Fig. 2 (a) Schematic diagram of light trapping effect and SPR in the 1D-PRSSs, (b-d) High absorption features of
polarization-independent and angle-independent 1D-PRSSs in broadband.

[1] Sharma, N., Kumar M., Kumari, N., Karar, V. & Sharma, A. L. 2017. Design and deposition of single and
multilayer antireflection coating of glass substrate using electron beam deposition. Materials Today: Proceedings, 5,
6421-6425.
[2] Wisnu, H., Firat, E., Selcuk, Y. & Rasit, T. 2018. Ultrathin Si solar cell with nanostructured light trapping by metal
assisted etching. Sol Energ Mat Sol C, 180, 247-252.
[3] Cui, Y. X., He, Y. R., Jin, Y., Ding, F., Yang, L., Ye, Y. Q., Zhong, S. M., Lin, Y. Y. & He, S. L. 2014. Plasmonic
and metamaterial structure as electromagnetic absorbers. Laser Photonics Rev, 8, 495-520.
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An efficient protocol for highly selective
tetrahydropyranylation/depyranylation of alcohols and phenols using
mesoporous polymeric acid catalyst
Dr. Lalthazuala Rokhum
National Institute of Technology Silchar (An institute of National Importance)
We reported the use of mesoporous phenolsulfonic acid-formaldehyde (PSAF) resin as a heterogeneous acid catalyst
for effective tetrahydropyranylation/depyranylation of alcohols and phenols at ambient temperature. The catalyst
showed excellent activity towards chemoselective protection and deprotection reactions of a wide range of alcohols
and phenols resulting very high yields. FT-IR, TEM, SEM, EDS and TG-DSC analysis were performed to characterize
the synthesized polymeric catalyst. Interestingly, tertiary alcohols and phenols were smoothly converted to their
corresponding tetrahydropyranylated products which sometimes are difficult using other reported protocols. In
addition, our protocol is highly chemoselective in nature. Also, the catalyst was found to be recoverable even after 5th
catalytic cycle without much depreciation in its activity. The protocol offers an energy and cost-efficient protocol for
synthetically significant protection/deprotection of alcohols and phenols under mild reaction condition with a broad
substrate scope and excellent conversion rate.
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A Long Cycle-Life and High-Rate Magnesium-Ion Battery Anode Enabled by
Self-Healing through Near-Room-Temperature Solid-Liquid Phase
Transition
Lin Wang1, Sam Welborn1 and Eric Detsi1,2,*
1Department of Materials Science & Engineering, University of Pennsylvania, Philadelphia PA 19104-6272, USA.
2Vagelos Institute for Energy Science and Technology (VIEST), Philadelphia, PA 19104, USA *Email:
The growing popularity of lithium-ion batteries has raised a serious concern about the long-term supply of these
batteries, since lithium and cobalt resources used are becoming more expensive due to demand, and the global cobalt
market heavily depends on the supply from countries with high geopolitical risks. Therefore, scalable alternatives
battery technologies are desirable to reduce the dependence on lithium and cobalt. Over the past few years,
magnesium-ion batteries have been the subject of intense research as an alternative to lithium, owing to the various
advantages of magnesium including the abundance of magnesium resources for large-scale applications. Nevertheless,
progress toward practical magnesium-ion batteries has been impeded, partly by the absence of suitable electrolytes
that are compatible with magnesium metal used as the negative electrode. Typically, common salts and organic
solvents combinations similar to those used in lithium-ion batteries yield a magnesium-ion-blocking passive film on
the magnesium metal negative electrode. A promising way to circumvent this electrolyte issue is through the use of
alloy-type anodes as the negative electrode instead of magnesium metal. However, state-of-the-art alloy-type
magnesium-ion battery anodes can only be reversibly cycled up to 200 times with acceptable capacity retention [1].
Such a cycle-life is far below the thousands of cycles required for practical battery applications. In this talk, I will
present a novel high-performance alloy-type magnesium-ion battery anode which we have developed, which can be
reversibly (de)magnesiated at the C-rate of 3C over 1000 cycles with excellent capacity retention. This exceptional
performance is to thanks to the self-healing property of the active electrode material, which undergo solid-to-liquid
phase transition when the cell operate around 30-40oC. Operando X-ray scattering techniques were used to
demonstrate this self-healing property in real-time during magnesiation and demagnesiation.
[1] CHENG, Y., et al. 2015. Interface promoted reversible mg insertion in nanostructured tinantimony alloys Adv.
Mater. 27, 6598-6605.
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Multifunctional pH Responsive Hyaluronic Acid based Nanoparticles for
Targeted Combinational Atherosclerosis Therapy
Nihad Cheraga1, Zheng Ye1, Ning-cong Sun1, Ning-Ping Huang1
1State Key Laboratory of Bioelectronics, School of Biological Science and Medical Engineering, Southeast
University, Nanjing, 210096, P. R. China

Atherosclerosis remains the leading cause of death in the elderly worldwide, caused by the formation of
atheromatous plaques in the arterial wall and further myocardial infarction (Libby et al., 2002). It is typically
characterized by elevated reactive oxygen species (ROS) levels and chronic inflammatory state at the lesion
site (Weber and Noels, 2011, De Rosa et al., 2010). The development of an effective nanotherapy for its
treatment appears to be challenging (Kelley et al., 2016). Herein, we have successfully designed a novel
smart multifunctional nanoparticles (NPs) based on pH sensitive HR conjugate synthesized by incorporation
of All Trans Retinal (ATR), a precursor of All-Trans Retinoic Acid, to the backbone of Hyaluronic Acid
(HA) through acid-liable hydrazone bond. The pH dependent disassembly of HR NPs in acidic conditions
was characterized in vitro by size distribution changes and TEM and AFM microscopy. Rapamycin (RAP),
a potential anti-atherosclerotic drug, was effectively encapsulated into the hydrophobic core of HR
conjugates based NPs to generate multifunctional pH sensitive HRRAPNPs. In this way, RAP and ATR were
coloaded simultaneously and codelivered to the inflammatory site in order to achieve combinational therapy
for atherosclerosis. HRRAPNPs exhibited high loading capacity of RAP (30.9%) and spherical morphology at
pH 7.4 with a particle size around 140.7 nm. Our goal was that HR RAPNPs could trigger release both
therapeutics upon low pH, which might simultaneously reduce ROS levels via ATR scavenging propriety
(Siddikuzzaman and Grace, 2013) and reduce inflammation via RAP mTOR inhibition effect (Martinet et
al., 2014). In response to mild acidic condition mimicking the inflammatory and endosomal
microenvironment in vitro, HRRAPNPs dissociated and both ATR and RAP were effectively released. The
release rate was much higher at pH 5.2 and pH 6.5 compared to neutral condition, where HRRAPNPs exhibited
excellent stability. Flow cytometry analysis showed dose-dependent and time-dependent cellular uptake of
coumarine-6 (C6) loaded HR NPs by Liposaccharides (LPS) activated RAW264.7 macrophages and TNF-α
activated HUEVC (human umbilical endothelial vascular cells). The intercellular trafficking by confocal
microscopy revealed that HR NPs could be internalized by cells through endocytosis into endosomes, and
PH triggered intracellular cargo release of C6 into cytoplasm. More importantly, the enhanced inhibition of
activated RAW264.7 macrophages and lower cytotoxicity towards non-inflamed HUEVC compared to free
drug, further confirmed the specific active internalization and the effective intracellular drug delivery of pH
sensitive HRRAPNPs in cells under inflammatory response. HRRAPNPs demonstrated higher blood availability
of RAP in BABL/c mice with AUC 1.6-fold higher than that of free RAP, and exhibited safer profile after
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long-term treatment in mice at therapeutic concentration. Consequently, the newly developed PH sensitive
HRRAPNPs hold a great potential for active intracellular codelivery of ATR and RAP for atherosclerosis
therapy.

DE ROSA, S., CIRILLO, P., PAGLIA, A., SASSO, L., DI PALMA, V. & CHIARIELLO, M. 2010. Reactive
Oxygen Species and Antioxidants in the Pathophysiology of Cardiovascular Disease: Does the Actual
Knowledge Justify a Clinical Approach? Current Vascular Pharmacology, 8, 259-275.
KELLEY, W. J., SAFARI, H., LOPEZ-CAZARES, G. & ENIOLA-ADEFESO, O. 2016. Vascular-targeted
nanocarriers: design considerations and strategies for successful treatment of atherosclerosis and other
vascular diseases. Wiley Interdisciplinary Reviews-Nanomedicine and Nanobiotechnology, 8, 909-926.
LIBBY, P., RIDKER, P. M. & MASERI, A. 2002. Inflammation and atherosclerosis. Circulation, 105, 113543.
MARTINET, W., DE LOOF, H. & DE MEYER, G. R. Y. 2014. mTOR inhibition: A promising strategy for
stabilization of atherosclerotic plaques. Atherosclerosis, 233, 601-607.
SIDDIKUZZAMAN & GRACE, V. M. B. 2013. Antioxidant potential of all-trans retinoic acid (ATRA) and
enhanced activity of liposome encapsulated ATRA against inflammation and tumor-directed angiogenesis.
Immunopharmacology and Immunotoxicology, 35, 164-173.
WEBER, C. & NOELS, H. 2011. Atherosclerosis: current pathogenesis and therapeutic options. Nature
Medicine, 17, 1410-1422.
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Auxetic Composite Made of Three-dimensional Fiber Structure for Impact
Protection
Hong Hu1, Lin Zhou1, Jifang Zeng1
1Institute of Textiles and Clothing, The Hong Kong Polytechnic
University, Hung Hom, Hong Kong.
Auxetic composites are a special types of materials with negative Poisson’s ratio [1]. Unlike conventional materials,
an auxetic composite will shrink when compressed along a perpendicular direction, which results in a unique feature
that the material can concentrate itself under the compressive load to better resist the load. This special feature in
combination with other enhanced properties such as fracture toughness and shear modulus has made auxetic materials
very attractive for many potential applications such as automobile, aerospace and defense, sport equipment, where
impact protection can be one of the highly required properties.
In this work, a three-dimensional auxetic fiber structure (Fig. 1) [2] developed was used as auxetic reinforcement to
fabricate auxetic composite with compressive polyurethane (PU) foam for impact protection. Both the quasi-static
compression [3] and low velocity impact tests [4] were conducted to assess its auxetic behavior and protective
performance. The results obtained have shown that the composite fabricated has an obvious auxetic effect which
increases with increasing compression strain and better protective performance than the non-auxetic composite made
with the same materials and geometrical parameters but with different fiber arrangement in reinforcement structure.

Fig. 1 3D auxetic fiber structure and composite

[1] EVAN, K. E., ALDERSON, A. 2000. Auxetic Materials: Functional Materials and Structures from Lateral
Thinking! Advanced Materials, 12, 617-628.
[2] ZHANGYANG, G., Hong, H. 2013. Yanping Liu, A finite element analysis of a 3D auxetic textile structure
for composite reinforcement, Smart Materials and Structures, 22, 084005.
[3] LIN, Z., LILI, J., HONG, H. 2016. Lin Zhou, Lili Jiang, Hong Hu, Auxetic Composites Made of 3D Textile
Structure and Polyurethane Foam, Physica Status Solidi B, 253(7), 1331-1341.
[4] LIN, Z., JIFANG, Z., HONG, H. 2018. Low Velocity Impact Properties of 3D Auxetic Textile Composite,
Journal of Material Science, 53(5), 3899–3914.
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Bioinspired gradient micro- and nanostructured surfaces with
controllable wettability
Yongmei Zheng
Beihang University, Xueyuan Road 37, Haidain District, Beijing, 100191, China.
Biological surfaces create the enigmatical reality to be contributed to learning of human beings. They run
cooperate between of endlessly arranged various-style gradient micro- and nanostructures (MN) that greatly
provide with excellent functions via natural evolvement. As known, a combination of multiple gradients in a
periodic spindle-knot structure take on surface of spider silk after wet-rebuilding process in mist. This
structure drives tiny water droplets directionally toward the spindle-knots for highly efficient water
collection. Inspired by the roles of gradient MNs in spider silk, a series of functional fibers with unique
wettability has been designed by various improved techniques such as dip-coating, fluid-coating, to combine
the Rayleigh instability theory. The geometrically-engineered thin fibers display a strong water capturing
ability than previously thought. The bead-on-string heterostructured fibers are capable of intelligently
responding to environmental changes in humidity. Also a long-range gradient-step spindle-knotted fiber can
be driven droplet directionally in a long range. Besides, inspired by gradient effects on butterfly wing and
lotus leaves, the surfaces with ratchet MN, flexible lotus-like MN are fabricated successfully by improved
methods, which demonstrate that the gradient MN effect rises up distinctly anti-icing, ice-phobic and de-ice
abilities. These multifunctional materials can be designed and fabricated for promising applications such as
water-collecting, anti-icing, anti-frosting, or anti-fogging properties for practical applications in aerospace,
industry and so on.
ZHENG, Y. 2015. Bioinspired wettability surfaces: Development in micro- and nanostructures. Pan Stanford
Publishing. 0-216.
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Catalytic CO2 Conversion and photocatalytic reaction of I-deficient BiOI
Chechia Hu, Hui-Xin Huang, and Yi-Feng Lin
Department of Chemical Engineering and R&D center for Membrane Technology
Chung Yuan Christian University, Taoyuan 32023 Taiwan

Understanding the crystalline structure, chemical composition, and physical properties is a key to construct
an efficient visible-light-active photocatalyst and catalyst. In this study, I-deficient BiOI decorated SrTiO3
sample enables to photocatalytically degrade a commonly seen methyl orange (MO) dye under visible light
irradiation. Moreover, I-deficient BiOI can serve as a promising catalyst to trigger a CO2 conversion reaction
to produce cyclic carbonate by addition of tetra-n-butylammonium bromide as Lewis basic cocatalyst.
Thanks to the I-deficient nature of BiOI, these vacancies can act as a trap to capture holes for improving the
photocatalytic activity. Because of the I deficiency, smaller Bi3+ ions were easily to substitute the larger Sr2+
in SrTiO3 lattice during the synthesis process, resulting in a lattice shrinkage and extension of the visible
light absorption toward longer wavelength. The I-deficient nature, chemical compositions, and doping
behavior of BiOI/SrTiO3 were determined via XPS, XRD, TEM, and elemental analysis. It can be expected
that I-deficient BiOI/SrTiO3 can serve as an efficient material for photocatalysis and catalytic CO2 conversion
for environmental remediation.
1.
2.

Cui S., Shan G., and Zhu L. Solvothermal Synthesis of I-deficient BiOI Thin Film with Distinct Photocatalytic
Activity and Durability under Simulated Sunlight, Appl. Cata. B: Environ., 219, 249-258, 2017.
Xia J., Yin S., Li, H., Xu H., Yan Y., and Zhang Q. Self-Assembly and Enhanced Photocatalytic Properties of
BiOI Hollow Microspheres via a Reactable Ionic Liquid, Langmuir, 27, 1200-1206, 2011.
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Colorless and Transparent Copolyimide Nanocomposite Films for Flexible
Display Substrates
Jong Won Kim, Jin-Hae Chang*
Department of Polymer Science and Engineering, Kumoh National Institute of Technology, Gumi 39177, Korea

A series of colorless and transparent copolyimides (Co-PIs) were synthesized by reacting 4,4′-biphthalic anhydride
(BPA) with various molar contents of 2,2′-bis(trifluoromethyl)benzidine (TFB) and p-xylylenediamine (p-XDA) in
N,N′-dimethylacetamide (DMAc). Co-PI films were fabricated by solution casting and thermal imidization with
poly(amic acid) (PAA) on glass plates. The thermo-optical properties and gas permeabilities of Co-PI films composed
of various molar ratios of p-XDA (0.2–1.0 relative to BPA) were investigated. Thermal properties were observed to
deteriorate with increasing p-XDA concentration. However, oxygen-transmission rates (O2TRs) and optical
transparencies improved with increasing p-XDA concentration. Co-PI hybrids with a 1:0.2:0.8 molar ratio of
BPA:TFB:p-XDA and organically modified hectorite (STN) were prepared by the in situ intercalation method. The
morphologies and the thermo-optical and gas-permeation properties of the hybrids were examined as functions of
STN loading (5–50 wt%). XRD and TEM revealed substantial increases in clay-particle agglomeration in the Co-PI
hybrid films as the clay loading was increased from 5 to 50 wt%. The coefficient of thermal expansion (CTE) and the
O2TR of a Co-PI hybrid film were observed to improve with increasing STN concentration; however, its optical
transparency decreased gradually with increasing STN concentration.
[1] WOO JINBAE, MIKHALI K. KOVALEV, FEDOSYA KALININA, MINSANG KIM, CHUNGKUN CHO. 2016
Towards colorless polyimide/silica hybrid for flexible substrates.

Polymer, 105, 124.
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CONTEMPLATING CHARGE TRANSPORT BY MODELING OF DNA
NUCLEOBASES BASED NANO STRUCTURES
Rajan Vohra | Ravinder Singh Sawhney | Kunwar Partap Singh | Guru Nanak Dev University, Amritsar, India |
Guru Nanak Dev University, Amritsar, India
Electrical charge transport through two basic strands Thymine and Adenine of DNA has been investigated and
analyzed using jellium model approach. The FFT-2D computations have been performed for semi empirical Extended
Huckel Theory using Atomistix Tool kit to contemplate the charge transport metrics like current and conductance.
The envisaged data is further evaluated in terms of transmission spectrum, HOMO-LUMO Gap and number of
electrons. We have scrutinized the behavior of the devices in the range of -2V to 2V for a step size of 0.2V.We observe
that both Thymine and Adenine can act as molecular device. A prominent observation is the drop in HLGs of Adenine
and Thymine, when working as device as compared to their intrinsic values and this is comparative more visible in
case of Adenine. The current in thymine based device exhibit linear increase with voltage in spite of having low
conductance. Further broader transmission peaks represent the strong coupling of electrodes to the scattering molecule
(Thymine). Moreover, the observed current in case of Thymine is almost 3-4 times than that for Adenine.The NDR
effect has been perceived in case of Adenine based device for higher bias voltages and can be utilized in various future
molecular device applications.
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Control of metal-insulator transition temperature in VO2 thin films by
strain modification via various buffer layers
Heungsoo Kim | Nicholas A. Charipar | Alberto Piqué | Naval Research Laboratory | Naval Research Laboratory |
Naval Research Laboratory
Vanadium dioxide (VO2), a strongly correlated metal oxide, exhibits a metal-insulator transition (MIT) in the vicinity
of 67 ˚C, which is accompanied by a structural phase transition from an insulating monoclinic phase (low-temperature)
to a metallic tetragonal phase (high-temperature) when it is thermally, electrically, or optically triggered. This MIT
leads to a sharp conductivity change of several orders of magnitude. It is very important to achieve tuning of MIT
temperature (TMIT) in many device applications. While doping is a commonly used method to achieve tunable TMIT in
VO2 films, introducing epitaxial strain between the VO2 and the substrate has also been recognized as an effective
method to control the TMIT in VO2 thin films. We have synthesized high quality VO2 epitaxial thin films on various
single crystal substrates (c-Al2O3, m-Al2O3 and TiO2) with various buffer layers (TiO2, SnO2 and RuO2) via pulsed
laser deposition and we were able to control the TMIT in VO2 films by modifying interfacial strain between VO2 film
and buffer layer. We will present details on the structural, electrical and optical properties of strained VO 2 films grown
on these buffer layers and discuss the examples of switching devices based on these strained VO 2 thin films.
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Copper(I) oxide included colloidal hybrid nanocatalysts for selective
photocatalytic carbon dioxide conversion
Chan Kyu (Lim), Hyunjoon (Song)*
Department of Chemistry, KAIST, Daejeon, Korea

In recent years, global warming by the greenhouse effect has received much attention. To cope with
environmental problems, efficient generation of alternative energy resources and reduction of greenhouse
gas mainly CO2 is necessary. Many studies have been tried for CO2 capture and storage. However, eventual
and effective way is convert CO2 to other useful chemicals such as methanol, carbon monoxide, methane,
and formate. The problem is chemical stability of CO2. To overcome their energy barrier, many researcher
studied about electro, thermal, photochemical approach. Because sunlight is environmental friendly and
sustainable energy sources, so photochemical approach is most suitable solution for CO 2 problem. If we can
effectively convert CO2 into useful chemicals by photochemical approach, this system is called artificial
photosynthesis, we can make perfect artificial carbon cycle.
Many researchers has studied photochemical approach for CO2 conversion by heterogeneous process, but the
reported catalysts still have low activity and stability, In the our previous work, we report the hybridization
method for Cu2O nanocubes with ZnO aggregate nanospheres and well defined ZnO-Cu2O nanostructures
applied to photocatalytic CO2 reduction. However, ZnO-Cu2O catalysts have some problems in low chemical
stability and large band gap of ZnO. In this study, we synthesized TiO 2-Cu2O colloidal hollow shell
nanostructure and Cu2O cubes decorated graphitic carbon nitride nanosheet. TiO2 is one of the most popular
photocatalyst because of its high charge separation ability, chemical stability, environmental abundancy and
nontoxicity. Graphitic carbon nitride also received growing interest because of their electrical conductivity
and proper band gap for absorbing visible light. Then, we applied the catalysts to the photocatalytic CO 2
reduction. A direct CO2 reduction reaction was carried out from neutral carbonated water using the colloidal
catalysts. Above catalysts exhibited high activity and selectivity in methane production. The proper band
alignment of TiO2, g-C2N2 and Cu2O, and their well-defined structures and junctions lead to high catalytic
performance.
BAE, K-L.,KIM, J., LIM, C. K., NAM, K. M., SONG, H., 2017. Colloidal zinc oxide-copper(I) oxide
nanocatalystsfor selective aqueous photocatalytic carbon dioxideconversion into methane. Nature
Communications, 8, 1156.
HABISREUTINGER, S. N., SCHMIDT-MENDE, L., STOLARCZYK, J. K., 2012. Photocatalytic reduction
of CO2 on TiO2 and other semiconductors. Angew. Chem. Int. Ed., 52, 7372-7408.
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Crystal growth, Structural Properties, and Molecular Dynamics in
Perovskite -Type (C2H5NH3)2ZnCl4 Crystals
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In this work, the thermal, structural properties and molecular dynamics of layered perovskite-type
(C2H5NH3)2ZnCl4 are investigated by differential scanning calorimetry, thermogravimetric analysis, and magic
angle spinning nuclear magnetic resonance spectroscopy. The thermal properties and phase transitions are
studied. Additionally, the Bloembergen-Purcell-Pound curves for the 1H spin-lattice relaxation time T1ρ in the
C2H5NH3 cation and for the 13C T1ρ in C2H5 are shown to have minima as a function of inverse temperature.
This observation implies that these curves represent the rotational motions of 1H and 13C in the C2H5NH3 cation.
The activation energies for 1H and 13C in the C2H5NH3 cation are obtained; the molecular motion of 1H is
enhanced at the C-end and N-end of the organic cation, and that at the carbons of main chain is not as free as
that for protons at the C-end and N-end.
[1] ARAMBURU, J. A., G.-FERNANDEZ, P., MATHIESEN, N. R., G.-LASTRA, J. M. & MORENO, M.
2018 Changing the Usual Interpretation of the Structure and Ground State of Cu2+-Layered Perovskite. Journal
of Physical Chemistry C, 122, 5071.
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Design of multifunctional composites and their multi-material additive
manufacturing
Therriault, Dermanaki Farahani
Laboratory of Multiscale Mechanics, Mechanical Engineering Department, Polytechnique Montreal, C.P. 6079
Succ. Centre-ville, Montreal, QC, Canada, H3C 3A7
The manufacturing of smart multi-material composites composed of various functional components and
built-in sensors is a serious technological challenge. Additive manufacturing (or 3D printing), known as a
family of processes that joins materials to fabricate objects in a layer-by-layer fashion from a 3D computeraided-design (CAD) model, is proving itself as a powerful approach for the manufacturing of inexpensive
multifunctional systems [1,2]. However, despite recent advances in 3D printing of composite materials, 3D
printing of smart multi-material composites remains an important challenge due to the fact that current
printers rely on a single printing process with one or two printing heads.
Our current research effort is on the complete development of a multi-material printing platform compatible
with different materials of various functionalities (e.g., mechanical resistance, electrical conductivity,
piezoelectricity). The breakthrough platform recently designed by our research team (Fig. 1) consists of a
high-speed and high-resolution positioning stage combined with multiple custom-made printing systems.
These printing systems are designed to be compatible our different types of printable materials (e.g.,
thermosetting [3] and thermoplastic composites [4], piezoelectric inks [5]). We foresee the creation of the
next generation of aerospace structures featuring embedded sensors (e.g. strain, damage), enhanced electrical
conductivities (e.g. electromagnetic interference shielding, lightning strike protection), energy harvesting
structures (e.g. embedded piezoelectric elements for electric charge generation), etc. Here, we present our
early-stage results of printed piezo and resistive sensors on top of flat and curved composite structures. The
outcome of this research will benefit several research communities and industrial sectors mainly working in
the transportation, aerospace, microelectronics and biomedical fields.

Fig. 1. Schematic of our multi-material printing heads mounted on a highly precise stage.
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[1] Kokkinis, D., Schaffner, M. and Studart, A.R., 2015. Multimaterial magnetically assisted 3D printing of
composite materials. Nature communications, 6, p.8643.
[2] Farahani, R.D., Dubé, M. and Therriault, D., 2016. Three‐dimensional printing of multifunctional
nanocomposites: manufacturing techniques and applications. Advanced Materials, 28(28), pp.5794-5821.
[3] Lebel, L.L., Aissa, B., Khakani, M.A.E. and Therriault, D., 2010. Ultraviolet‐Assisted Direct‐Write
Fabrication of Carbon Nanotube/Polymer Nanocomposite Microcoils. Advanced Materials, 22(5), pp.592596.
[4] Guo, S.Z., Gosselin, F., Guerin, N., Lanouette, A.M., Heuzey, M.C. and Therriault, D., 2013. Solvent‐
cast three‐dimensional printing of multifunctional microsystems. Small, 9(24), pp.4118-4122.
[5] Bodkhe, S., Turcot, G., Gosselin, F.P. and Therriault, D., 2017. One-step solvent evaporation-assisted 3D
printing of piezoelectric pvdf nanocomposite structures. ACS applied materials & interfaces, 9(24),
pp.20833-20842.
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Electric-field control of magnetism in multiferroic heterostructures
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.
With the fast development of information storage, exploiting new concepts for dense, fast, and non-volatile
random access memory with reduced energy consumption is a significant and challenging task. To realize
this goal, electric-field control of magnetism is crucial. In this regard, multiferroic materials are important
and have attracted much attention due to their interesting new physics and potentials for exploring novel
multifunctional devices [1, 2]. In the multiferroic materials, electric polarization can be tuned by applying an
external magnetic field or vice versa. This magnetoelectric (ME) effect originates from the coupling of the
magnetic and ferroelectric orders. However, single-phase multiferroic materials are rare and the multiferroic
heterostructures, composed of ferromagnetic (FM) and ferroelectric (FE) materials, provide an alternative
way for exploring the ME coupling effect. One of the key issues in the study of the FM/FE heterostructures
is the control of magnetism via electric fields, which is essential for the new generation information storage
technology. We have combined ferroelectric Pb(Mg1/3Nb2/3)0.7Ti0.3O3 (PMNT) with different materials and
studied the electric-field control of magnetic and electronic transport properties of thin films and magnetic
tunnel junctions grown on PMNT [3]. In this talk, I’ll present our recent progress in electric-field control of
magnetism in magnetic thin films, multilayers, magnetic tunnel junctions and small islands grown on PMNT,
involving some interesting behaviors as revealed by both macroscopic and spatially-resolved techniques [4],
for example, the giant nonvolatile manipulation of magnetoresistance in magnetic tunnel junctions by electric
fields via magnetoelectric coupling. Our work demonstrates the interesting new physics and potential
applications of electric-field control of magnetism in multiferroic heterostructures.
[1] EERENSTEIN, W., MATHUR, N. D.& SCOTT, J. F. 2006. Nature 442,759.
[2] RAMESH, R. & SPALDIN, N. A. 2007. Nature Mater. 6, 21 (2007).
[3] ZHANG, S. et al. 2012. Phys. Rev. Lett. 108, 137203; ZHANG, S. et al., Scientific Reports. 2014. 4, 3727;
[4] YANG L. F. et al., Scientific Reports. 2014. 4, 4591; LI, P. S. et al., Adv. Mater. 2014. 46, 2340; LIN, Z.
et al., Scientific Reports. 2015 5, 14133.
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[5] CHEN, A. T. et al., Adv. Mater. 2016. 28, 363; LIU, Y. et al., ACS Appl. Mater. Interfaces. 2016. 8, 3784;
[6] LI, P. S. et al., ACS Appl. Mater. Interfaces. 2017, 9, 2642; SUN Y. et al., ACS Appl. Mater. Interfaces.
2017. 9, 10855;
[7] YOU, B.et al., Adv. Func. Mater. 2018. 28, 1706448; CHEN, A. T. et al., Nature Communciations, in
press.
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Electrostriction, capacitive susceptibility, and neuromorphic computing in
biomembranes
Charles Patrick Collier
Oak Ridge National Laboratory
Up to now, neuromorphic elements have been predominantly solid-state devices which simulate the resistive and
capacitive behaviors needed for neural networks and braininspired computing, but in non-brain-like ways. We are
integrating lipid and polymer bilayer membranes with micro- and nanofabrication to develop fundamentally new types
of neuromorphic elements that have the composition (biomolecules), structure (biomembranes), and switching
mechanism (voltage-sensitive ion channels) of real biological synapses, and operate at lower power than the current
state-of-the-art. Our devices consist of insulating, nm-thick lipid or polymer-based bilayer membranes that assemble
at the interfaces of two or more aqueous droplets in oil, and that have demonstrated both memristive and
memcapacitive behaviors, including memory resistance and capacitance, synaptic functions such as paired-pulse
facilitation and depression, spike rate dependent plasticity, voltage-dependent inactivation and recovery, and charging
hysteresis. These behaviors are linked to electrostriction, an electromechanical phenomenon that encompasses both
electrowetting and electrocompression in the membrane, which are changes in membrane area and thickness due to
charging in the presence of electric fields. Electrostriction results in a voltage-dependent capacitive susceptibility that
replaces the more familiar concept of static capacitance, which, up to now, has dominated electrophysiological
descriptions and characterizations of biomembranes. In this picture, biomembranes are not just equivalent RC circuits
dependent only on ionic currents controlled by the conductance (resistance) of ion channels. Large capacitive currents
from small voltage inputs can be generated as well for the development of neuromorphic computing elements
exhibiting both short-term and long-term synaptic plasticity.
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Enhancement of the performance of solar water splitting based on highdensity single-crystal Fe2O3 nanowire-array fabricated by stress-induced
atomic-diffusion method
Pei Pei, Yiyuan Xie, Yuhki Toku, Yang Ju
Department of Micro-Nano Mechanical Science and Engineering, Graduate School of Engineering, Nagoya
University, Nagoya 464-8603, Japan.

Compared with traditional hydrogen production method, solar based method is more sustainable and clean.
Fe2O3 is one of the most promising material for solar water splitting due to its small bandgap, related visible
light absorption, natural abundance, and stability under deleterious chemical conditions. In the meantime,
theoretical maximum solar to hydrogen (STH) efficiency of Fe2O3 is as high as 15%. However, the practical
performance of Fe2O3 is limited by the fabrication difficulty of high quality Fe 2O3 nanostructure materials
and the electrical property of Fe2O3 catalyst electrode. Targeting to solve these limitations, stress-induced
atomic-diffusion method was utilized to obtain high quality Fe2O3 nanowire array and stable water splitting
electrode. Thus, the new single-crystal structure in nanowire array is able to primarily improve the water
splitting efficiency. Meanwhile, the high density of the nanowire array obtained by this method is the factor
contributing to solar-to-hydrogen performance as well. Furthermore, the stability and strength of the photo
electrode was improved, where the fabricated nanowire array is able to be firmly attached on the substrate
and enhances the electrical property of electrode itself. In the end, the photocurrent density of solar water
splitting system has been significantly enhanced by this method.
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Evaluation of long-term behavior of CFRP tendons in prestressed near
surface mounted reinforcement girder
Hee Beom Park, Woo-tai Jung, Jong-sup Park, and Jae-yoon Kang
Depatement of Infrastructure Safety Research, Korea Institute of Civil Engineering and Building Technology,
Goyang, Republic of Korea.
The prestressed near-surface mounted reinforcement (NSMR) using CFRP was developed to improve the load bearing
capacity of ageing or degraded concrete structures. The NSMR using CFRP was the subject of numerous studies of
which a mere portion was dedicated to the long-term behavior. Accordingly, the present study intends to evaluation
long-term behavior of CFRP tendons in the NSMR applying the anchoring system developed by Korea Institute of
Construction and Building Technology (KICT). In this study, 12.5m reinforced concrete T-shape (RCT) girders were
strengthened with a post-tension NSM system in the field, and their long-term CFRP behavior was investigated. The
behavior of CFRP was analyzed for about two years. As a result, there was no significant difference in CFRP tendons.
The rod anchorage sleeve is composed of a steel material, which may affect the CFRP performance due to the
generation of rust. Therefore, the performance of CFRP by long-term exposure was evaluated. The rust on the sleeve
due to exposure for about two years did not significantly affect the performance of the CFRP.
[1] KICT, Development of Bridge Strengthening Methods using Prestressed FRP Composites, Tech. Rep., KICT,
2015.
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Fabrication and characterization of magnetic drug-loaded osteoinductive
Fe3O4/CaCO3 hybrid microspheres system
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Introduction: Peri-implantitis is a main complication of implant prosthesis, which causes bone loss and
failure of implant. To improve the local efficiency of antibiotics and the ability of osteoinduction, a novel
magnetic drug-loaded osteoinductive Fe3O4/CaCO3 hybrid microspheres system (MDHMs) along with
cyclodextrins and caseins has been fabricated in this study.
Methods: the MDHMs was fabricated according to the following stages: (i) preparation of uniform vaterite
Casein/CaCO3 microspheres incorporating cyclodextrins; (ii) fabrication of Fe3O4/CaCO3 microspheres to
form MDHMs; (iii) loading minocycline into MDHMs. The characteristics of the nanoparticles were
measured by SEM, TEM, FT-IR, TGA, VSM and BET. The loading efficiency and drug release capacity
were measured by ultraviolet spectrophotometer.
Rusults: SEM and TEM showed that all samples were mainly in vaterite, with Fe3O4 distributing equally.
TGA and FT-IR confirmed the interaction between the cyclodextrin and Casein/CaCO3 microparticles. The
MDHMs possessed mesoporous structure with a pore size of about 6.5 nm and surface area of about 50.73
m2/g, which gave the MDHMs great drug loading efficiency of about 80.75%-88.74% and sustained drug
release property. The MDHMs also possessed magnetic property with a saturation magnetization strength of
about 4.41 emu/g.
Discussion: Caseins control the CaCO3 microparticles mainly in vaterite, which gives the microparticles
better performance in bone tissue engineering and better biocompatibility. Cyclodextrins increase the
porosity of the CaCO3 microparticles and improve the loading efficiency of hydrophobic drugs. Thereby,
along with Fe3O4, the MDHMs has excellent drug loading efficiency and release capacity, superior
biocompatibility, osteoinductivity, anti-infection property and magnetic targeting property. These results
demonstrate that the MDHMs has great potential to be applied in the treatment of peri-implantitis.
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From nature-inspired all-in-one platforms to a versatile family of
nanorattles: bio/cat applications of passion fruit-like nano-architectures
Valerio Voliani | Center for Nanotechnology
Innovation, Istituto Italiano di Tecnologia
The intriguing features of noble metal nanostructures for both medicine and catalysis are mostly relegated to
laboratory. The lack of both clinical translation and efficient catalytic employment are mainly related to, respectively,
accumulation issues and stability hurdles. A groundbreaking advance to jointly combine the appealing features of NPs
with metal excretion relies on the ultrasmall-in-nano approach. Within this approach, we have designed inorganic allin-one biodegradable nano-platforms comprising plasmonic ultrasmall nanoparticles (USNPs): the nature-inspired
passion fruit-like nano-architectures (NAs). Furthermore, the calcination of NAs results in nanorattles composed by
naked metal nanospheres stabilized by a permeable silica shell. The versatility and robustness of NAs and nanorattles
production will be discussed, together with the significant metal-excretion trends from murine models and preliminary
bio and cat applications.

This work is partially supported by the MFAG number 19852 from Associazione Italiana per la Ricerca sul Cancro
(AIRC).
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Meridian whispering gallery mode sensing with a deformed microdroplet
on a superhydrophobic chip surface
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Ultrasensitive, label-free, cost-effective, compact and deployable sensing systems are critical for medical diagnostics,
environmental monitoring and homeland security applications. Chip scale optical sensing systems integrating
photonic, electrical, and fluidic functions are especially intriguing for label-free sensing applications due to the high
sensitivity of optical sensors, the compactness of chip scale systems, and the low-cost fabrication techniques that are
amenable to well-developed mass production. A liquid microdroplet could be a simple yet effective, miniaturized
optical cavity and resonator sensor by itself due to the intrinsic optofluidic properties associated with its surfacetension-induced spherical shape. Being able to realize high-resolution in situ and in vivo monitoring of trace analytes,
the characteristics of microdroplet cavities and their morphologies are critical for many applications ranging from
chemical detections, biological reaction processes to environmental protection. It had been shown that a perfect
circular shape as well as optical whispering gallery modes (WGMs) can be present in the equatorial plane of a liquid
microdroplet, and this phenomenon had been leveraged for biosensing demonstrations. Yet, optical coupling to such
modes for their excitation or monitoring is very tricky to implement, especially on a compact and integrated platform.
Here, it is shown that WGMs could also be stimulated along the meridian plane of a liquid microdroplet resting on a
properly designed nanostructured surface. The unavoidable deformation along the circumference of the meridian plane
can be controlled by tailoring the nanopillar structures and their associated hydrophobicity. The textured
superhydrophobic surface and its impact on the microdroplet morphology are modeled by Surface Evolver (SE),
which is validated by the Cassie-Wenzel theory. The influence of the microdroplet morphology on the optical
characteristics of WGMs is further numerically studied using the Finite-Difference Time-Domain method (FDTD)
and it is found that meridian WGMs with high intrinsic quality factors of Q > 104 can exist. It is also shown that such
meridian WGMs can be efficiently excited by a waveguiding structure embedded in the planar substrate, which could
significantly reduce the overall system complexity by eliminating conventional mechanical coupling parts. Our
simulation results also demonstrate that this optofluidic resonator can achieve a sensitivity of 530 nm/RIU. This
systematic study could pave the way for developing novel optofluidic resonators and platforms for high-resolution
sensing of trace analytes.
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Novel auto crosslinked chitosan-based microgels for glucose-responsive
insulin delivery systems
F. DAMIRI, Y. BACHRA, C. BOUNACIR, A. LAARAIB, N. KNOUZI,
A. BENNAMARA, M. BERRADA
Department of Chemistry, Laboratory of Biomolecules and Organic Synthesis (BIOSYNTHO),
Faculty of Sciences Ben M'sik, University Hassan II of Casablanca, Morocco

The global burden of diabetes is estimated to escalate from about 171 million in 2000 to 366 million people in 2030.
The routine of diabetes treatment by injection of insulin incurs pain and has been one major factor negating the quality
of life of diabetic patients.
Chitosan-based nanomaterials with good biodegradability, biocompatibility, and low toxicity display immense
potential as carriers for controlled delivery of various therapeutic agents. Chitosan is a linear polysaccharide composed
of randomly distributed b-(1-4)-linked d-glucosamine and N-acetyl-d-glucosamine. It is one of the major cationic
polymers and the second most abundant polysaccharides in nature. It is extensively used to the biomedical and the
industrial fields. Particularly, chitosan has been investigated much in the field of gene therapy during the last decade
for its biocompatibility and non-cytotoxicity [1].
Glucose-responsive system is one of important options for self-regulated insulin delivery to treat diabetes, which has
become an issue of great public health concern in the world. In this study, we developed a novel and biocompatible
glucose-responsive insulin delivery system using a pH sensitive modified chitosan [2-3].
The possibility of administering insulin by other routes, such as the oral and nasal routes, has been studied over the
years, but insulin has been at risk for enzymatic degradation and low transmucosal absorption. This leads to the
growing need to develop new formulation strategies emphasizing pegylation of chitosan; the importance of chitosan
for its mucoadhesive capacity and its ability to protect insulin from enzymatic degradation, to extend insulin retention
time and to open the inter-epithelial tight junction to facilitate systemic insulin transport. Chitosan can be used to
enhance the physicochemical stability of insulin and multiparticulate matrix. Moreover, chitosan is chemically
modifiable to produce a low molecular weight, water soluble polymer that allows insulin to be processed under mild
conditions [4]. We conclude that it is possible to achieve basal insulin levels for a long time in a single injection with
a formulation that will bring various benefits, including easy sterilization, simple loading of the drug and simple dose
adjustment.

[1] SAURABH BHATIA, Chitosan Based Nanomaterials and Its Applications, Book Systems for Drug Delivery,
55, 2016.
[2] XUE LI, MIAN FU, JUN WU, CHENYU ZHANG, XIN DENG, ARVIND DHINAKAR, WENLONG
HUANG, HAI QIAN, LIANG GE, pH-sensitive peptide hydrogel for glucose-responsive insulin delivery, Acta
Biomaterialia, 5, 2017.
[3] JIANHAI YANG, ZHIQIANG CAO, Glucose-responsive insulin release: Analysis of mechanisms, formulations,
and evaluation criteria, 31, 2017.
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[4] JITENDRA, P. K. SHARMA, SUMEDHA BANSAL and ARUNABHA BANIK, Noninvasive Routes of
Proteins and Peptides Drug Delivery, 2011.

Physicochemical properties of collagen films with PLGA nanocapsules
inside fabricated by electrospinning with and without crosslinking
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The most common revascularization procedure for coronary artery disease is the percutaneous coronary
intervention (PCI) [1, 2]. However, restenosis after angioplasty and stent implantation has been historically
considered the most significant problem in coronary interventions [1, 3]. Drug-eluting stents (DESs) have
demonstrated to be effective in decreasing the risk of late restenosis, but the use of currently marketed DESs
presents safety concerns, including the non-specificity of therapeutics, incomplete endothelialization that
leading to late thrombosis, the need for long-term anti-platelet agents, and local hypersensitivity to polymer
delivery matrices [1, 2]. Although DESs can facilitate a drug’s release directly to the restenosis site, a burst
of drug release can extremely affect the pharmacological action and is the principal factor that account for
adverse effects. Therefore, the drug release rate has become an important standard in evaluating DES [4].
The factors affecting the drug release rate include the drug, drug carrier, coating methods, drug storage,
direction of elution, coating thickness, pore size in the coating, and release conditions like pH, temperature,
release medium and hemodynamics after the stent implantation. This work develop a new delivery system
trying to understand better, the factors that influences the drug release. This system use nanofiber produced
by electrospinning technic and bioabsorbable polymeric nanocapsules produced by the nanoprecipitation
processes in a recirculated system develop in the research group [5-6].
The new delivery system and his individual components was characterized using TEM, SEM, AFM and DLS
for the nanocapsules. The control-released curve was measurement using the HPLC method. In this study,
collagen films formed by fibers of 450 nm in average diameter were obtained by the electrospinning
technique, which was subsequently crosslinked with glutaraldehyde vapors. The electrospinning films with
and without crosslinking were characterized. For cross-linked films, a significant increase in mechanical
strength was found where the Young's Modulus increased from 13 MPa to 3.5 GPa and as well as a significant
increase in water resistance, associated with the increase in the contact angle from 5.9 ° to 90.5 °.
Additionally, no significant variations were found in the FT-IR analysis, which indicates that the collagen
base structure is maintained, which is important because it maintains the bioabsorption and biocompatibility
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properties of collagen. These results suggest that the films obtained can find multiple applications in the
biomedical field.

[1] R. X. Yin, D. Z. Yang, and J. Z. Wu, “Nanoparticle drug- and gene-eluting stents for the prevention and
treatment of coronary restenosis,” Theranostics, vol. 4, no. 2, pp. 175–200, 2014.
[2] A. S. Puranik, E. R. Dawson, and N. a. Peppas, “Recent advances in drug eluting stents,” Int. J. Pharm., vol.
441, no. 1–2, pp. 665–679, 2013.
[3] G. D. Dangas, B. E. Claessen, A. Caixeta, E. a. Sanidas, G. S. Mintz, and R. Mehran, “In-stent restenosis in
the drug-eluting stent era,” J. Am. Coll. Cardiol., vol. 56, no. 23, pp. 1897–1907, 2010.
[4] T. Hu, J. Yang, K. Cui, Q. Rao, T. Yin, L. Tan, Y. Zhang, Z. Li, and G. Wang, “Controlled Slow-Release
Drug-Eluting Stents for the Prevention of Coronary Restenosis: Recent Progress and Future Prospects,” ACS
Appl. Mater. Interfaces, vol. 7, no. 22, pp. 11695–11712, 2015.
[5] Colmenares-Roldan, Gabriel Jaime, Liliana Maria Agudelo-Gomez, Rodolfo Pinal, and Lina Marcela Hoyos
Palacio. 2018. “Production of Bioabsorbible Nanoparticles of Polycaprolactone by Using a Tubular Recirculating
System.” DYNA 85(204):277–82. Retrieved (https://revistas.unal.edu.co/index.php/dyna/article/view/62292).
[6] Colmenares Roldán, Gabriel Jaime et al. 2018. “Production of Polycaprolactone Nanoparticles with Low
Polydispersity Index in a Tubular Recirculating System by Using a Multifactorial Design of Experiments.”
Journal of Nanoparticle Research. Retrieved (https://link.springer.com/article/10.1007/s11051-018-41688#citeas).

51

Nanostructured Diatom Biosilica for Photonic and SERS Biosensing
Applications
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Diatoms are single-celled photosynthetic algae that fabricate microscopic shells called frustules. The
frustules are composed of biogenic silica intricately patterned at the nano, submicron, and micron scales, and
are biologically fabricated through cellular biomineralization process.

The submicron pore array on the

frustule face can act as a photonic crystal to enhance wavelength-specific guided modes of light absorption.
Furthermore, the biomineralization process imparts defects onto the biogenic silicon oxide nanostructured
surface that are rich in non-bridging oxygen centers (SiO) and silanol (SiOH) groups. All of these groups
impart photoluminescence properties to the photonic structure and enable facile functionalization. Individual
diatom frustules isolated from cultured cells were deposited on to a glass surface using layer-by-layer
technique combined with ink-jet printing, functionalized with either antibodies or silver nanoparticles, and
then evaluated as a sensor platform. For the antibody-functionalized diatom thin films, if the antigen was
nucleophilic, then label-free photoluminescence was selectively enhanced upon immunocomplex formation
[1]; if the antigen was electrophilic, then photoluminescence was selectively decreased.

For silver

nanoparticle functionalized diatom biosilica thin films, the photonic crystal structure enhanced SERS
detection [2]. Since all signal responses are label free, multiplex detection by both approaches is possible,
and is currently being applied to simultaneous detection of multiple biomarkers for ovarian cancer. Towards
this end, a Horiba Raman microscope equipped with both Raman and UV laser lines is used to interrogate
the surface and map signals from individual microscope (10 micron) frustules. Efforts to reduce falsepositive detection and reduce detection limit will be presented.

[1] GALE, D.K, GUTU, T., JIAO, J., CHANG, C.-H., AND RORRER, G.L., 2009. Photoluminescence
Detection of Biomolecules by Antibody-Functionalized Diatom Biosilica. Advanced Functional Materials,
19, 926-933.

[2] KONG, X., SQUIRE, K., LI, E., RORRER, G.L., TANG, S., MCKAY, C.P., NAVARRO-GONZALEZ.,
R., AND WANG, A.X., 2016. Chemical and Biological Sensing Using Diatom Photonic Crystal Biosilica
with In-Situ Growth Plasmonic Nanoparticles. IEEE Transactions on NanoBioscience, 15, 828-834.
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Antibacterial and Aggregation-Induced Imaging Properties of BroadSpectrum Amphiphilic Cationic Polymers
Jing Qiao, May P. Xiong
University of Georgia

The emergence and spread of antibiotic resistant bacteria have become a great challenge to public health.
Here we report on the design and properties of a broad-spectrum bacteria detection and antimicrobial material
based on derivatization of the amphiphilic copolymer (structure was shown in Figure 1) (PTPE) with the
siderophore Deferoxamine-Gallium (DFOGa) for targeting Gram-negative bacteria, guanidine cationic
moieties for disrupting bacteria membrane integrity, and the aggregation-induced emission (AIE) fluorophore
tetraphenylethene (TPE) for bacteria imaging. The PTPE polymer backbone was prepared by RAFT
polymerization and subsequently postmodified with guanidine cationic moieties and DFO-Ga; the
conjugation of TPE was accomplished through conjugation to a quaternary ammonium side chain in order to
maintain the water solubility of the final free polymers in solution. Upon binding to Gramnegative bacteria
possessing the DFO-Ga receptors and/or to Gram-positive bacteria by electrostatic interactions, the watersoluble cationic polymer simultaneously disrupts the negatively-charged bacterial membrane and “lights up”
the bacteria by restricting the intramolecular rotation of TPE molecules present along the polymer backbone,
resulting in fluorescence emission. Fluorescence signals were recorded by flow cytometry and confocal
microscopy. The cationic copolymers possessed antibacterial activities against both Gramnegative (E. coli
and P. aeruginosa) and Gram-positive (S. aureus) bacteria strains. Broad-spectrum polymers designed in this
work exhibited high antimicrobial activity and possessed low cytotoxicity against mammalian cells.
Furthermore, their turn-on fluorescence properties could be utilized to visualize the affinity of the material
for bacterial membranes.
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Rational design of metal cocatalyst on electron lifetime and photocatalytic
hydrogen evolution
Ji Yong Choi, Bumjin Park, Hyunjoon Song
1Department of Chemistry, Korea Advanced Institute of Science and Technology, Daejeon 34141, Republic of
Korea

Semiconductor-metal hybrid nanostructure is one of the ideal structure for photocatalytic hydrogen
generation that photoinduced charge separation occurs at the semiconductor, and the subsequent electron
transfer to metal makes efficiency of hydrogen evolution improve. Although hybrid catalysts have simple
two components, there are sophisticated photophysical kinetics during the photocatalytic reaction, therefore,
rational design of each components is essential to figure out the photocatalytic mechanism, and increases the
efficiency.
In general, water reduction on metal surface is slow process compared to electron transfer, or electron hole
recombination. Therefore, lifetime of electrons in metal domains is the key factor for increasing the efficiency
of photocatalytic hydrogen evolution. In the present work, we controlled the lifetime of electrons by using
defect control of metal tips on Pt decorated CdSe nanorod system and compared the photocatalytic efficiency.
We synthesized three morphologies of Pt tips that are sphere, cube, and flower-like structures. Using transient
absorption spectroscopy, we found the flower-like metal tips showed the longest lifetime that results in
enhancement of the catalytic performance among the three samples. This work showed the correlation
between the electron lifetime on metal surface and photocatalytic efficiency, and demonstrated that the
rational design of metal cocatalyst can additionally improve the photocatalytic efficiency.
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Pt/Ni bimetallic catalysts planted onto TiO2 nanotube array bed and their
electrocatalytic properties
Hongyi Li
Beijing University of Technology

To improve the Pt/Ni bimetallic catalysts’ stability, a layer of titanium dioxide nanotube array barrier was
fabricated before the catalysts were deposited. When the potential window is -0.8V-0.4V and the depositon
cycles are 75 times, the electrodes show the best electrochemical performance. It is found that Pt/Ni
bimetallic catalysts are grown as Stranski-Krastanov pattern and form sphere structure eventually. When the
mass(2.01mg/cm2 ) of Pt/Ni catalyst deposited on the support surface is the same as that of Pt catalyst, the
electrochemical active area of Pt/Ni catalyst (443.12 cm2 /mg) is 1.64 times that of Pt catalyst (269.96 cm2
/mg), the catalytic performance for methanol (828.20 mA/cm2 ) is 2.65 times of Pt catalyst(312.40 mA/cm2
), and the anti-CO poisoning performance (35.37) is 12.68 times that of Pt catalyst(2.79). The present work
provides one imcomparable advantages on the development of low-cost, stable and high catalytic efficiency
platinum-based catalysts.
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Preparation, Characterization and CO Oxidation Performance of
Ag2O/γ-Al2O3 and (Ag2O+RuO2)/γ-Al2O3 Catalysts
Antony Ananth, Hyeon-Jin Seo, Rak Hyun Jeong, Jin-Hyo Boo*
Department of Chemistry, Sungkyunkwan University, Suwon 16419, Republic of Korea.
Air pollution is a serious issue worldwide due to speedy emergence of industrial, vehicular and
infrastructural proliferation. Gas products emerging out of various sources needs proper conversion treatment before
it will finally be released in to the environment. A simple thermal catalysis process can be considered to deal with
common and poisonous carbon monoxide (CO) exhaust gas. This research deals with synthesis, characterization and
carbon monoxide (CO) oxidation performance of silver oxide (SLO) and its composite (made of silver and ruthenium
oxides, SLRUO). Generally silver in its pure state does not show any CO oxidation. But usage of subsurface oxygen
and oxygen induced reconstruction it can be used effectively as an oxidation catalyst. The low temperature reaction
by highly active RuO2 is a well-known phenomenon thus possibility to use it with SLO to observe the catalytic
behavior or interaction mechanism was investigated.
The wet chemically prepared SLO and SLRUO exhibited flower-like and rods in spherical aggregate surface
morphology. The XRD spectra showed cubic and mixed (cubic and rutile) structures respectively. The thermal
stability of SLO is good until 350 °C and lost only 5% of the total mass at the end of 800 °C heat test. A similar trend
was noted for SLRUO but the weight loss was 8% at 800 °C. The SLO and SLRUO NMs were loaded on γ-Al2O3
support at 0.5 and 1.0 wt.% and used for thermal CO oxidation experiments. Exactly 10 gram catalysts were loaded
in a tubular quartz reactor and 1L/min total gas flow was allowed (2000 ppm CO + 1.5 vol.% O 2 + 2.5 vol.% H2O +
remaining N2). The dry CO conversion using SLO showed concentration dependent behavior which is best at lower
concentration. For example, SLO with 0.5 wt.% loading showed 100% CO oxidation at 300 °C whereas it was only
87 % for 1.0 wt.%. In wet condition, it did not show full oxidation even beyond 500 °C for 1.0 wt% SLO. At the same
time, complete CO conversion by SLRUO was observed at 225 and 250 °C in dry and wet conditions. Thus SLO can
be modified as a low temperature catalyst by the addition of RuO 2 and at the same time cost effective benefit in terms
of utilizing ruthenium only catalysts are achieved. Activity decrement by increment in the SLO loading may result
from the reduction in the values of pore characteristics and catalyst dispersion. The mechanism of
interaction/synergistic effect between Ag and Ru are discussed.

[1] POPOLAN, D.M. & BERNHARD, T.M. 2011. Communication: CO oxidation by silver and gold cluster cations:
Identification of different active oxygen species. J.Chem. Phys. 134, 091102-091104.
[2] ANANTH, A. & MOK, Y.S. 2016. Dielectric Barrier Discharge (DBD) Plasma Assisted Synthesis of Ag2O
Nanomaterials and Ag2O/RuO2 Nanocomposites. Nanomaterials 6, 42-52.
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Mechanistic Study on Metal-Semiconductor Hybrid Nanocatalyst for
Photocatalytic Hydrogen Evolution
Ji Yong Choi, Hyunjoon Song*
Department of Chemistry, Korea Advanced Institute of Science and Technology, Daejeon 34141, Republic of Korea
Hydrogen evolution via photocatalytic reaction has become one of the most promising ideal alternative
from fossil fuels to renewable energy resource. In order to produce hydrogen from water with high efficiency,
the rational design of photocatalysts and analysis of exact mechanism are essential. In the present work,
metal-tipped CdSe based nanorods were synthesized as model catalyst and each components was altered to
investigate the mechanisms in two aspects.
First, three distinct sets of metal tips, Pt-CdSe-Pt, Au-CdSe-Au, and Au-CdSe-Pt nanodumbbells were
synthesized, and applied for photocatalytic hydrogen evolution. By transient absorption spectroscopy and
photoelectrochemical analysis, we found that the recombination at the metal-CdSe interface and the water
reduction on the metal surface are critical factors for the catalytic efficiency and they are highly dependent
upon the type of metals.1
Second, Pt decorated Zn1-xCdxSe alloyed nanorods were synthesized, and the correlation between
photocatalytic hydrogen evolution and the composition of alloyed semiconductor was figured out. The
composition directly influenced on the light absorption efficiency, the overpotential for hydrogen reduction,
and the electron mobility on semiconductor nanorods, and we found that the electron mobility as well as the
light absorption efficiency played a crucial role to determining the catalytic efficiency. 2 Based on these
studies, we proposed the rational design strategies for efficient photocatalytic hydrogen evolution that could
be further maximized.
[1] CHOI, J. Y., JEONG, D., LEE, J. L., KANG, D., KIM, S. K., NAM, K. M., SONG, H. 2017. Engineering
Reaction Kinetics by Tailoring the Metal Tips of Metal-Semiconductor Nanodumbbells. Nano Lett., 17,
5688-5694.

[2] CHOI, J. Y., NAM, K. M., SONG, H. 2018. Composition Effect of Alloy Semiconductors on Pt-tipped
Zn1-xCdxSe Nanorods for Enhanced Photocatalytic Hydrogen Generation. J. Mater. Chem. A, 6, 1631616321.
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Skyrmion Hosting Cu2OSeO3 Nanostructures
Priya R. Baral1, Benoît Truc1, Wen-Hua Bi1, Victor Ukleev2, J.W. Seo3, Ivica Zivkovic1
Henrik M. Ronnow1, Jonathan S. White2, Oleg Yazyev1 and Arnaud Magrez1
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In magnets lacking inversion symmetry, the magnetic structure can form spirals or more complicated
magnetic chiral textures such as so-called skyrmions [1]. Chiral magnets were first of substantial interest for
fundamental condensed matter physics due to topological effects. The robustness and small size of skyrmions
and their high mobility make them promising candidates for applications such as in memory devices.
Cu2OSeO3 is the first discovered insulator material exhibiting skyrmions under magnetic field at 60K [2].
All of the studies on skyrmions in Cu2OSeO3 have been performed using large crystals produced by Chemical
Vapour Transport (CVT) at high temperature. [3] The fundamental research, based on macroscopic crystals
grown by CVT, has led to the understanding of the mechanisms underlying the creation, [4] annihilation, [5]
and motion of skyrmions [6] in Cu2OSeO3. However, the crystal size effect on the properties of skyrmions
remains unexplored. In this contribution, we will report on the synthesis of Cu 2OSeO3 nanostructures
achieved by a solid to solid transformation which driving force is an acid-base neutralization with low
activation energy. The size, crystal structure, crystallinity of the solid precursor as well as the strength of the
basic medium in addition to temperature and pressure of the hydrothermal process are exciting playgrounds
to fine-tune the crystal size and morphology of Cu2OSeO3 nanostructures. These parameters are also
influencing the kinetic and mechanism of the transformation which was studied by in-situ measurements
including X-Ray diffraction. By combining AC and DC susceptibility measurements with neutron diffraction
and Small Angle Neutron Scattering, we could reveal a remarkable effect of the crystal size on the magnetic
phase diagram of Cu2OSeO3 nanostructures which is different from the one of bulk Cu2OSeO3 crystals. [7]
We acknowledge the Swiss National Science Foundation for supporting the NanoSkyrmionics project (SNSF
Sinergia grant number 171003), the Swiss Norwegian Beamline of the ESRF for in-situ X-Ray Diffraction,
the Rutherford Appleton Laboratory for small angle neutron scattering and neutron diffraction experiments.
[1] ROESSLER, U. K., BOGDANOV, A. N. & PFLEIDERER, C. 2006. Spontaneous skyrmion ground
states in magnetic metals. Nature, 442, 797-801.
[2] SEKI, S., YU, X. Y., ISHIWATA, S. & TOKURA, 2012. Observation of Skyrmions in a Multiferroic
Material. Science, 336, 198-201.
[3] DYAKIN, V., PRSA, K., GRIGORIEV, S. V., WHITE J. S., HUANG, P., RONNOW, H. M., MAGREZ,
A., DEWHURST, C. D. & CHERNYSHOV, D. 2014. Chirality of structure and magnetism in the
magnetoelectric compound Cu2OSeO3. Phys. Rev. B, 89, 140409.
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[4] LEVATIC. I., POPCEVIC, P., SURIJA, V., KRUCHKOV, A., BERGER, H., MAGREZ, A., WHITE,
J. S., RONNOW, H. M. & ZIVKOVIC, I. 2016, Dramatic pressure driven enhancement of bulk skyrmion
stability, Scientific Reports, 6, 21347.
[5] HUANG, P., CANTONI, M., KRUCHKOV, A., RAJESWARI, J., MAGREZ, A. & RONNOW, H. M.
2018. In-Situ Electric Field Skyrmion Creation in Magnetoelectric Cu2OSeO3. Nano Letters, 18, 5167-5171.
[6] RAJESWARI, J., HUANG, P., MUROOKA, Y., LATYCHEVSKAIA, T., McGROUTHER, D.,
CANTONI, M., BALDINI, E., WHITE, J.S., MAGREZ, A., GIAMARCHI, J., RONNOW, H. M. &
CARBONE, F. 2015. Filming the formation and fluctuation of skyrmion domains by cryo-Lorentz
transmission electron microscopy. Proceedings of the National Academy of Sciences of the USA, 7, 1055210562.
[7] BARAL, P.R., TRUC, B., BI, W. H., UKLEEV, V., SEO, J. W., ZIVKOVIC, I., RONNOW, H. M.,
WHITE, J. S., YAZYEV, O. & MAGREZ, A. to be published
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Strong and weak coupled fluorophores on DNA based molecular photonic
wires for directed energy transfer
S. A. Díaz1, S. M. Oliver2, D. Mathur1, D. A. Hastman1,3, P. D. Cunningham4, J. S. Melinger4, P. M. Vora2, and I. L.
Medintz1
Center for Bio/Molecular Science and Engineering, Code 6900, U.S. Naval Research Laboratory, Washington, D.C.
20375, USA.
Department of Physics and Astronomy, George Mason University, Fairfax, VA 22030, United States of America
Fischell Department of Bioengineering, University of Maryland, College Park, College Park, MD 20742, USA
Electronics Science and Technology Division, Code 6800, U.S. Naval Research Laboratory, Washington, D.C.
20375, USA

Molecular photonic wires (MPWs) are defined as presenting individual components (which can be homogeneous or
heterogeneous) that permit the conveyance of light ina directed manner through energy transfer steps. DNA itself can
be used as a MPW, but is perhaps more interesting as a template for optimal energy transfer systems. DNA’s selforganizing capabilities allows for the production of nanoscaled designs from simple double stranded DNA (dsDNA)
to complex architectures with 3-D features. One of the most common energy transfer (ET) mechanisms is through
fluorescent organic dyes. If the dyes are separated by > 1 nm, in the weakly coupled regime, it can be said that the
Förster resonance energy transfer (FRET) mechanism will be prevalent. We have shown how using heterogeneous in
conjunction with homogenous FRET we can achieve directed transfer over 30 nm distances by using DNA templated
MPWs. Further still we have shown that transferring the MPWs from aqueous solutions to thin films and surfaces
further improves the transfer.[1] Beyond merely synthesizing the designer nanostructures, DNA has the advantage of
allowing for nm precision placement of organic dyes. Precision placement along with controlled orientation (in this
way mimicking nature), is a first step in creating super-efficient light harvesting and sub-sequent transferring
structures. This precision control allows us to create dimers of organic dyes that are close enough together to become
strongly coupled. Strongly coupled dyes may act as improved relays in MPWs. We have studied the effect of the
electronic coupling on the optical properties of these dimers, specifically we have focused on dimers of the cyanine
dye Cy3 and found that they were consistent with a J-type dimer.[2] We initially observed that the electronic coupling
is accompanied by decreased fluorescence lifetimes. Yet initial studies into integrating cyanine dimers as relays into
MPWs appears to demonstrate that they can be improvements over individual dyes if the dimer is formed either as 1
base-pair separations or by creating heterodimers of Cy3-Cy3.5 dyes.

[1] DÍAZ, S.A., OLIVER, S. M., HASTMAN, D. A., MEDINTZ, I. L., & VORA P. M. 2018. Increased Transfer
Efficiency from Molecular Photonic Wires on Solid Substrates and Cryogenic Conditions. The Journal of
Physical Chemistry Letters, 9, 3654-3659.
[2] CUNNINGHAM, P. D., KIM, Y. C., DÍAZ, S.A., BUCKHOUT-WHITE, S., MATHUR, D., MEDINTZ, I.
L., & MELINGER J. S. 2018.Optical Properties of Vibronically Coupled Cy3 Dimers on DNA Scaffolds. The
Journal of Physical Chemistry B, 122, 5020-5029.
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Thermal Property and Molecular Dynamics of Liquid Crystalline Polymers
Gi Tae Park, Jong Won Kim, Jin-Hae Chang*
Department of Polymer Science and Engineering, Kumoh National Institute of Technology, Gumi 39177, Korea
Two series of thermotropic liquid crystalline polymers (TLCPs) were synthesized based on various dialkoxy
terephthalate units with hydroquinone (HQ) and 2,6-naphthalene diol (Naph). The dialkoxy terephthalate moieties
used herein were 2,5-diethoxyterephthalate, 2,5-dibutoxyterephthalate, and 2,5-dihexyloxyterephthalate. We found
that all the TLCPs synthesized in this study formed nematic phases. In addition, the molecular motions according to
the length of the dialkoxy side groups in the TLCPs were evaluated using 13C cross-polarization/magic angle spinning
(CP/MAS) nuclear magnetic resonance (NMR). The thermal property and molecular dynamics of the TLCPs were
affected by the length of the dialkoxy side group and aromatic diol units in their main chain structures. The thermal
behaviors, liquid crystalline mesophase, and degree of crystallinity of the two series of TLCPs, HQ- and Naph-TLCPs,
were compared.

[1] CAROLUS H. R. M. WILSENS, YOGESH S. DESHMUKH, WENQING LIU, BART A. J. NOORDOVER,
YEFENG YAO, HAN E. H. MEIJER, SANJAY RASTOGI. 2015 Processing and performance of aromatic
thermotropic polyesters based on vanillic acid. Polymer, 60, 198.
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Plasma characterization of polyvinylchloride and methyl methacrylate
polymers used in manufacturing of water and food containers using
Laser Induced Breakdown Spectroscopy
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Laser-induced breakdown spectroscopy (LIBS) is one of the popular optical techniques for the elemental
analysis of material which has vast applications in various scientific and engineering disciplines. In the
present study the technique is applied for the plasma characterization and to find impurities and hazardous
elements in polyvinylchloride and methyl methacrylate polymer materials from one of the Saudi industries
which are being used in manufacturing of water and food containers. The aim was to identify the harmful
elements present in these polymers using LIBS technique. The study was carried out in high vacuum chamber
using fundamental laser beam from Q-switched pulsed Nd:YAG laser system to generate the plasma of the
sample placed on rotating stage in the vacuum chamber. C, H, Cl, N and Ca in polyvinylchloride and C, H,
O, Ca and Mg in methyl methacrylate were detected. Some molecular lines of CN, CO, C 2 and CH in these
samples were also detected. Presence of Al, Si, and P might be harmful to the human body. LIBS technique
is found to be simple and cost effective method to identify the hazardous elements. The industries can adopt
this technique to provide harmless container for water or food products.

Radziemski, L. J. 2002. From LASER to LIBS, the path of technology development. Spectrochim. Acta Part, B
57, 1109-1113
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Triboelectric Direct Current Generation based on Charge-conveying
System
Minki Kang, Hong-Joon Yoon, Sang-Woo Kim*
1School of Advanced Materials Science and Engineering, Sungkyunkwan University (SKKU), Suwon 16419,
Republic of Korea

A Triboelectric generator (TEG) is one of the most promising energy harvesters for powering electronics or
sensors, conversing abundant kinetic energy to electrical energy. TEG generates displacement current
according to triboelectric surface charge and electrostatic induction by periodic motion. Fundamentally, the
surface charge density on triboelectric layer greatly affects to output performance of TEG and there have
been numerous intensive studies to increase surface charge density. The surface charge density has been
increased dramatically using advanced materials such as nanocomposite, ferroelectric materials or fluorinated
materials. However, high surface charge density induces the microdischarge generation and upper limitation
of available surface charge density in certain TEG mode becomes new challenge for next-generation high
performance TEG. Here, we propose triboelectric direct current generator of which mechanism is based on
microdischarge generation and charge-conveying system. Charge-conveying System based TEG (CSTEG)
with DC output employs in-plane configuration of electrode, rotator and triboelectric segment layer and there
is gap of sub-millimeter scale between electrode and rotator. These structural characteristics enable
accumulation of huge amount of triboelectric charge in atmospheric condition and efficient charge-conveying
those who are essential for high output performance. Based on the novel working mechanism and structural
characteristics of CSTEG, we found out that it can generate maximum output current of 12.2 mA/m2 in RMS
value under 1000 rpm.

Y. YANG, H. ZHANG & Z. L. WANG, 2014. Direct-Current Triboelectric Generator. Advanced Functional
Materials, 24, 3745-3750
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Photo-patternable SU8-C Nanostructures Composites
Maryam Majidian, Claudio Grimaldi, Laszlo Forro, Arnaud Magrez
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SU8 is one of the most employed negative epoxy-based photoresists, due to its outstanding properties like
chemical and mechanical robustness combined with high sensitivity to UV light. SU8 is composed of
bisphenol A epoxy resin dissolved in gamma butyrolactone mixed with propylene carbonate, and
triarylsulfonium hexafluoroantimonate salts (TSHAS) used as photoinitiator of polymerization. Molecular
structure of SU8 is characterized by eight reactive epoxy rings in each repeating unit of tetramer molecule,
enabling a high degree of cross-linking after photo-activation, which makes SU8 the favorite photoresists for
high aspect ratio and three-dimensional photolithographic patterning.
However, besides interesting characteristics, SU8 is electrically and thermally insulating which motivated
the preparation of SU8 based composites to improve these characteristics. Adding nanofilers to SU8 brings
new functionalities and makes better mechanical, thermal, and electrical properties of the polymer.
Two classes of carbon nanostructures have been used as composite fillers: 2-dimentional graphene, 1dimentional carbon nanotubes. The idea behind this material selection is to study the influence of
dimensionality of the fillers on the electrical transport properties of the composites.
The key requirement of these nano-objects is the dispersivity and their rigidity to keep their form in the matrix
because the conduction threshold strongly depends on the shape of the filler. Strange enough, but resistivity
measurements as a function of filler concentration served us to have some prediction about the morphology
of the fillers. In the case of CNTs as fillers, our findings challenge the dominant theory which suggests that
the conductivity is proportional to the weighted average length as our experimental data showed the relevant
dependence on the mean length. We attributed this behavior to the waviness and local clustering of the
nanotubes, which should be common in CNT polymer composites [1, 2]
In the case of graphene flakes as fillers, the electrical conductivity of the composites as a function of volume
fraction is not consistent with the classical percolation model of transport. Instead, we suggest that the
dominant mechanism of the transport is the tunneling of the electrons between the graphene flakes. [3] The
high electrical conductivity compared to that of pure SU8 and other graphene-based composites, even at very
low filler loadings, is a result of homogeneous dispersion of the flexible graphene flakes in the SU8 matrix.
[4]
This work is supported by the Swiss National Science Foundation.
[1] GRIMALDI, C., MIONIC, M., GAAL, R., FORRO, L. & MAGREZ, A. 2013. Electrical Conductivity
of Multi-walled carbon nanotubes-SU8 Epoxy Composites. Applied Physics Letters, 102, 223114.

64

[2] MAJIDIAN, M., GRIMALDI, C., FORRO, L. & MAGREZ, A. 2017. Role of the particle size
polydispersity in the electrical onductivity of carbon nanotube-epoxy composites. Scientific Reports, 7,
12553.
[3] MAJIDIAN, M., GRIMALDI, C., PISONI, A., FORRO, L. & MAGREZ, A. 2014. Electrical conduction
of photo-patternable SU8-Graphene Composites. Carbon, 80, 364-372.
[4] MAJIDIAN, M., GRIMALDI, C., PISONI, A., FORRO, L., MAGREZ, A., BALOG, I., SMARANDA,
I. & BAIBARAC, M. 2019. Influence of graphene on the cationic photo-polymerization reaction of the SU8
photoresist. to be published.
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Casein Casein-containing calcium carbonate microspheres with the crystal phase of vaterite have been proved
to be a potential biomaterial for bone regeneration [1]. We report a kind of magnetic CaCO 3 microspheres
with magnetic Fe3O4 nanoparticles uniformly attached on the surface, which could target bone defect area to
promote bone regeneration in foreign field. The micron magnetic CaCO3 microspheres with good dispersion
and high vaterite content are prepared by fast precipitation with adding casein (CA) and poly(acrylic acid)
(PAA) as surfactants as well as modified Fe3O4 magnetic nanoparticles as magnetic source in an aqueous
solution. The Morphology, particle size and vaterite content of magnetic CaCO3 microspheres are determined
by the amount and the addition time of casein (CA) and poly(acrylic acid) (PAA). The characteristics of the
microspheres are measured by Zeta potential, TEM, SEM, FT-IR, XRD, XPS, TG and VSM. The results of
this study demonstrated that the magnetic CaCO3 microspheres with the potential for bone regeneration are
expected to be used in the local treatment of bone defects.
[1] Xu Z, Liang G, Jin L, Wang Z, Xing C, Jiang Q, Zhang Z. J CRYST GROWTH, 395 (2014)
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Owing to emitting many volatile and flammable solvents during the process of preparation and construction,
oil coatings are easy to catch fire, generally leading to potential safety problems. Therefore, waterborne
coatings using water as a dispersion medium will become one of the main anticorrosive coatings in the
future. A kind of eco-friendly MWCNTs/WPU conductive composite coating, based on the eco-friendly
waterborne polyurethane (WPU) as a film-forming material and multiwalled carbon nanotubes (MWCNTs)
as a conductive medium, was prepared in this work. The electrical conductivity and corrosion resistance of
the composite coating and its bond strength to steel substrate were respectively investigated. The results
indicated that, when the MWCNTs content increased, the electrical conductivity of the MWCNTs/WPU
composite coating was greatly improved, however, its bond strength to Q235 steel substrate and corrosion
resistance were decreased slightly. When the MWCNTs content was 0.6 wt.%, the formation of a
conductive network in the composite coating made it begin to conduct electricity and its resistivity was
12845 Ω·m. The corrosion rate of 0.6 wt.% MWCNTs/WPU composite coating was 0.061799 mm/a, which
was 37 times lower than that of Q235 steel substrate, indicating its good corrosion resistance. Its bond
strength to Q235 steel substrate was 3.03 MPa, which was equivalent to that of the pure WPU coating. This
work may provide a theoretical basis for preparation of an eco-friendly polyurethane conductive coating
and protection of the equipment used in the field of oil field and oil refinery.

[1] AJAYAN, P. M., TOUR, J. M. 2007. Materials science: nanotube composites. Nature, 447, 1066.
[2] SAHOO, N. G., YONG, C. J., YOO, H. J., et al. 2010. Effect of Functionalized Carbon Nanotubes on Molecular
Interaction and Properties of Polyurethane Composites. Macromolecular Chemistry & Physics, 207, 1773-1780.
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A re-centering deformation-amplified SMA damper for mitigating seismic
response of structures
Hongnan Li
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In this paper, a re-centering deformation-amplified shape memory alloy damper (RDMSD) was presented
to reduce the responses of civil structures under earthquake motions. The damper is with the mechanism of
deformation amplification and fully exploit the energy dissipation capacity of superelastic SMA materials.
The cycling tests of fabricated RDMSD were conducted to study the influence of deflection amplitude and
loading rate on the damper’s mechanical properties. Additionally, a theoretical model of the RDMSD is
proposed to precisely simulate the hysteretic characteristics of the damper. The nonlinear time history
analysis was performed on a six-story steel frame without dampers and with dampers including the
amplification and no-amplification functions. The results for the numerical analysis showed that the
proposed RDMSD not only can effectively mitigate the displacement, acceleration and interstory drift
responses due to its efficient energy dissipation capacity, but also can provide superior re-centering by
amplifying the relative deflection for building structures subjected to strong earthquakes. Thus, in practical
applications, the recommended range for the displacement amplification coefficient of the damper is 2.0–
3.0.
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DGEBA Epoxy Based Polymer Nano Composites: A study on mechanical,
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Advancements in nano technology industries promise to offer improvement in capabilities across the spectra
of applications of polymeric matrices. The numbers of thermoplastic and thermosetting matrices are subjected to
improve the various properties like mechanical strength, thermal stability and chemical resistance via incorporation
of nano fillers (< 100nm particle size) in the matrix system. This attracts wide variety of engineering applications. The
epoxy resins are increasingly used as a matrices for widespread applications in engineering composites, coatings,
floorings, structural adhesives, automotive and aerospace applications. The incorporation of nano CaCO 3 fillers in
epoxy resin has been proved to be an alternative for the improvement of in properties of resultant nano composites.
This attributed to the nano size and high aspect ratio of nano CaCO3.
In the present study Epoxy/CaCO3 nano composites were prepared by mechanical mixing of DGEBA epoxy
resin having epoxide equivalent weight (EEW) 180 g/eq and varying concentrations of nano CaCO3 ranging between
1-10 wt% followed by sonication for 30 min. The prepared Epoxy/nano CaCO 3 mixtures were poured into the Teflon
mold and subjected to curing at 110ºC for 1 hour and post curing at 80ºC for 5 hrs. The prepared nano composite
samples were investigated for the mechanical properties (viz. The tensile strength, elongation at break, impact strength
and modulus), thermal stability, chemical resistance and morphological properties of nano composite samples. It was
observed that the mechanical properties (fig.1), thermal stability (fig.2) and chemical resistance increased as the nano
filler concentration increased in samples. The maximum values of these three properties were found in 5wt% nano
CaCO3 loaded sample. The morphological characterization showed the uniform dispersion of nano particles within
the cross sectional area and developed more numbers of craze in the same composition of the sample. More number
of craze absorbs more energy during impact. The mechanical properties, thermal stability and morphological
characterization were investigated by using UTM, TGA and SEM respectively . The prepared samples were also
investigated for the non reactivity of nano filler towards resin matrix by FTIR spectroscopic analysis and curing studies
by DSC.

[1] Lee H., Neville K. Hand book of epoxy resins. New York: Mc Graw Hill; (1967).
[2] Weatherhead RG. FRP Technology: Fibre reinforced resin systems. London: Applied science publisher ltd;
(1980).
[3] Pan G , Du Z, Zhang C , Li C , Yang X , Li H; ; Polymer (2007), 36: 3686-3693
[4] Wetzel F, Haupert MQ, Zhang. Compos Sci Technol 2003; 63: 2055
[5] Quan shi, Wang Li, Haojie Yu, Song Jiang, Zhao, Dong X, Macro Mater eng 2006; 291: 53-58.
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Structure, dielectric, ferroelectric and piezoelectric properties of KNNbased perovskite ceramics
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2
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1

Lead-free ferroelectric materials on the base of (K0.5Na0.5)NbO3 (KNN) perovskites are being intensively
studied in order to replace widely used Pb-based ones [1-4]. In this work, effects of modification of
compositions by donor and acceptor dopants in the A- and B-sites of perovskite lattice and over
stoichiometric additives on structure parameters, microstructure, dielectric, ferroelectric and local
piezoelectric properties of (K0.5Na0.5)NbO3 ceramics additionally modified by Ba2+, Li+, Ni3+ and Mn3+
cations (up to 10 at. %) have been studied. Ceramic samples were prepared by the two-step solid-state
reaction method at temperatures of 970–1470 K. The samples were characterized using the X-ray Diffraction,
Scanning Electron Microscopy, Second Harmonic Generation (SHG), and Dielectric Spectroscopy methods.
Ferroelectric phase transitions were revealed at ~ 700 K (KNN) in the dielectric permittivity versus
temperature curves and by the SHG method. Changes in dielectric properties and effective d33 piezoelectric
coefficients were observed depending on compositions of solid solutions. Increase in the spontaneous
polarization value was observed in modified ceramics using the SHG method. At the room temperature, non
monotonous changes of the dielectric parameters were observed in modified compositions studied. The
effective d33 piezoelectric coefficients and the rt data for the samples containing Li + and Mn3+ cations were
higher than those obtained for the KNN samples doped with Ba 2+ and Ni3+-cations [5]. The results obtained
confirmed prospects of new lead-free materials development by modification of KNN- based compositions
close to the MPB by aliovalent cation substitutions.

[1]. I. Coondoo, N. Panwar, A. Kholkin, J. Adv. Dielectr. 3 (2013) 1330002.
[2] P. Panda B. and Sahoo, Ferroelectrics 474 (2015) 128–143.
[3] C. Hong, H. Kim, B. Choi, H. Han, J. Son, C. Ahn, W. Jo, 2016 Materiomics 2 (2016) 1–24.
[4] J. Rödel and J. Li, MRS Bulletin 43 (2018) 576–580.
[5] E. Politova, N. Golubko, G. Kaleva, A. Mosunov, N. Sadovskaya, S. Stefanovich, D. Kiselev, A. Kislyuk,
P. Panda, J. Adv. Diel. 8 (2018) 1850004.
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Layered Double Hydroxides Functionalized with Organic Chromophores
Utilized for Stamping of Polymer Profiles
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Aims and Scope The studies published until now related to the incorporation of coumarin (CM) and
curcumin (CR) into layered double hydroxides (LDHs) referred only to the Mg xAl-LDH matrix and the
utilization of the derived solids either as solid state dye laser and luminescence materials for CM-LDH [1,2]
or as therapeutic agent for CR-LDH [3,4]. It was found that for perylene dyes an LDH matrix containing Zn2+
instead of Mg2+ provides higher mechanical/thermal stability of the chromophores [5]. Therefore this
contribution is aimed to extend the studies towards the coumarin and curcumin incorporated in Zn xAl LDHs
structures and expand also their utilization as chromatic stamp on transparent films or polymer profiles.
Experimental CM 343, CR, sodium dodecylsulfate (DDS), Zn(NO 3)22H2O, Al(NO3)39H2O, NaOH and
Na2CO3 from Merck were utilized as raw materials. Zn3Al-CO3 synthesized by co-precipitation at pH 9
(HZn3Al) and the derived mixed oxide obtained following its thermal decomposition at 460 oC (CHZn3Al)
were considered as reference materials for the comparison with CM- and CR-LDHs obtained by precipitation
(P) and reconstruction (R) methods, (PHZn3Al-CM, PHZn3Al-CR, RHZn3Al-CM, RHZn3Al-CR). A molar
ratio of chromophore (CM or CR) to Al of 1/10 was utilized in all syntheses. CM was always utilized as an
aqueous alkaline solution, while CR was utilized either as aqueous alkaline solution (A) or as ethanolic
solution (E). RHZn3Al-DDS-CM and IEHZn3Al-DDS-CM, were prepared by surfactant-assistedreconstruction and ionic exchange (IE) with RHZn3Al-DDS (Zn3Al-LDH reconstructed with DDS). The
reconstructions were performed at 25oC by contacting CHZn3Al with a solution containing CM, CR, DDS
and a DDS-CM mixture respectively, under magnetic stirring during 24 h. IEHZn3Al-DDS-CM was obtained
by contacting RHZn3Al-DDS with CM-solution, sonicated 0.5h at 45oC and then maintained under magnetic
stirring 24h. Co-precipitations of HZn3Al, PHZn3Al-CM, PHZn3Al-CR(A) were performed using a standard
method [6], while for PHZn3Al-CR(E) the aqueous solutions of nitrates and NaOH were simultaneously
added to CR(E) under vigorous stirring. The gels were aged for 18 h at 60oC. All the solids were recovered
by filtration, washed and dried as in ref. [6]. Thin films of CM-LDH, CR-LDH on flexible transparent plastic
substrates were obtained by pulsed laser deposition (PLD) [7,8]. Characterizations were performed by XRD,
DR-UV-Vis, FTIR, SEM and photoluminescence.
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Results and Discussion The results of XRD, DR-UV-Vis and FTIR analyses indicated the incorporation of
CM and CR and the presence of ZnO as impurity for all solids besides RHZn3Al-CR(E) which could not
recover the LDH-structure.
Conclusions The PLD deposition secured the production of adherent thin films, acting as stamped flexible
polymer substrates with different optical properties depending on the utilized functional organic
chromophore (CR/CM).
[1] ALOISI, G. G., COSTANTINO, U., ELISEI, F., LATTERINI, L., NATALI, C. & NOCCHETTI, M.
2002. Preparation and photo-physical characterisation of nanocomposites obtained by intercalation and cointercalation of organic chromophores into hydrotalcite-like compounds, J. Mater. Chem., 12, 3316-3323.
[2] YAN, D., LU, J., MA, J., WEI, M., QIN, S., CHEN, L., EVANS, D. G. & DUAN, X. 2010. Thin film of
coumarin-3-carboxylate and surfactant co-intercalated layered double hydroxide with polarized
photoluminescence: a joint experimental and molecular dynamics study, J. Mater. Chem., 20, 5016–5024.
SUPUN-SAMINDRA, K. M. & KOTTEGODA, N. 2014. Encapsulation of curcumin into layered double
hydroxides. Nanotechnol Rev, 3(6), 579–589.
[3] MEGALATHAN, A., KUMARAGE, S., DILHARI, A., WEERASEKERA, M. M., SAMARASINGHE,
S. & KOTTEGODA, N. 2016. Natural curcuminoids encapsulated in layered double hydroxides: a novel
antimicrobial nanohybrid, Chemistry Central Journal, 10:35.
[4] BAUER, J., BEHRENS, P., SPECKBACHER, M. & LANGHALS, H. 2003. Composites of Perylene
Chromophores and Layered Double Hydroxides: Direct Synthesis, Characterization, and Photo- and
Chemical Stability, Adv. Funct. Mater., 13, 241-248.
[5] ZĂVOIANU, R., PAVEL, O. D., CRUCEANU, A., FLOREA, M. & BÎRJEGA, R. 2017. Functional
layered double hydroxides and their catalytic activity for 1,4-addition of n-octanol to 2-propenonitrile, Appl.
Clay Sci., 146, 411-422.
[6] VLAD, A., BÎRJEGA, R., TIRCA, I., MATEI, A., MARDARE, C. C., HASSEL, A. W., NEDELCEA,
A., DINESCU, M. & ZĂVOIANU, R. 2018. Pulsed laser deposition of functionalized Mg–Al layered double
hydroxide thin films, Appl. Phys. A, 124:152
[7] BÎRJEGA, R., VLAD, A., MATEI, A., DUMITRU, M., STOKKER-CHEREGI, F., DINESCU, M.,
ZĂVOIANU, R., RADITOIU, V. & COROBEA, M.C. 2016. Organo-layered double hydroxides composite
thin films deposited by laser techniques, Appl. Surf Sci., 374, 326-333.
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Field Application of Prestressed Near Surface-Mounted Carbon-Fiber
Reinforced-Polymer Tendon for Concrete Bridge
Woo-tai Jung|
Korea Institute of Civil engineering and building Technology
The majority of existing bridges in Korea are designed for short- and medium-span use; together, RC slabs,
integral bridges, and prestrssed concrete (PSC) I girders account for more than 71% of the bridges in the
country. The strengthening techniques used for the improvement of the performances of concrete bridges can
be classified into replacement, sectional enlargement, member addition, support addition, bonding and
prestressing. Among the strengthening techniques for concrete bridges, use of Carbon Fiber Reinforced
Polymer (CFRP) is increasing recently because of its corrosion resistance. Various techniques have been
developed and applied to strengthen deteriorated RC (Reinforced Concrete) structures such as the EBR
(Externally Bonded Reinforcements) and NSM (Near Surface Mounted) systems. However, NSM still suffers
premature failure like EBR. Recent research tried to prestress the NSM but the prestressed NSM needs a
special prestressing system. Accordingly, this study develops a new prestressing system for NSM using
CFRP tendons. The field-applicability of the developed prestressing system is evaluated through an
application on a full-scale PSC girder of 20 m with the objective of improving the girder’s performance by
30%. The girder is strengthened using 5 NSM CFRP tendons with the introduction of a prestressing force of
100 kN in each of them. The test results demonstrated the applicability of the new prestressing system since
the flexural capacity of the girder was successfully increased by 30%. Finally, Prestresed NSM Strengthening
was applied in the field based on the test result of full-scale PSC girder.
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Electron transfer mechanism of carbon dots and nickel–mesoporous silica
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Tremendous efforts have been dedicated to developing fluorescent probes with biocompatible and cyclic features.
Challenges remain in terms of high toxicity, poor dispersity in aqueous solution, low efficiency, and high
detection limit problems. Inspired by the low biotoxicity and high quantum yield of amine-modified carbon dots
(NCDs), as well as the reversible binding between metal ions and carbon dots, a fluorescent quenching receptor
is created based on the mechanism of non-radiative electron transfer from NCDs to metal ions (Mn+). This
fluorescent quenching receptor is coordinated on a mesoporous superparamagnetic Fe3O4@mSiO2 nanoparticle,
which forms a probe structure of Fe3O4@mSiO2 -SiCDs@DTPA-Mn+/NCDs. NCDs detach from metal ions
and recover their fluorescence when the probe is placed in the environment to be detected. The concentration of
fluoride (F- ) ions in the environment could be determined by the fluorescent intensity of the detached NCDs.
This new type probe owns a 6 times efficiency than the general reported probes with a recyclable performance
due to its magnetic characteristics. The minimum detection limit is down to 65 nM with a wide linear response
range of 1 to 25 μM. The ions removal ratio could be up to 96 % when utilized in tap water. This fluorescent
probe can be used for both sufficiently high response anions detection platform and adequate intracellular imaging
probe.
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PdSe2: a Pentagonal Layered Material Bridging the Gap between 2D and
3D Materials
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PdSe2 is a new layered material with an in-plane pentagonal network and stronger-than-vdW interlayer coupling.
It offers great trade-off between carrier mobility, band gap, and air stability for nanoelectronics [1]. Because of
its unique atomic structure and strong interlayer coupling, it behaves like 2.5D material and many of its properties
are different from those of commonly known 2D materials, such as graphene and MoS2. Here I will highlight how
first-principles modeling/simulation guided experiments to explore its structural, electronic, and vibrational
properties. Because of strong interlayer coupling, its electronic band gap varies significantly from 1.3 eV
(monolayer) to 0.06 eV (bulk), based on calculations and measurements [1]. For 2D graphene and MoS 2 that have
weak interlayer interactions, the layers are quasi-rigid in low-frequency interlayer vibrations, which can be
described by a linear chain model (LCM); however, in PdSe2 the layers are no longer quasirigid, according to our
Raman scattering calculations and measurements. Therefore, the thickness dependence of the interlayer Raman
modes' frequencies in PdSe2 deviates significantly from the LCM. A revised LCM was developed to account for
the layer nonrigidity [2]. Finally, according to our nudged elastic band calculations, the pentagonal structure and
strong interlayer coupling lead to low diffusion barriers for defects, and hence both intralayer and interlayer
hopping of defects can occur relatively easily in PdSe2 compared to MoS 2 , as observed by scanning tunneling
microscope [3]. Our works on PdSe2 pave the road for the understanding of 2D materials featuring strong and
beyond-vdW interlayer interactions.
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Supercapacitors are a promising technology that could replace batteries in different areas like load levelling
and electrical energy storage devices; they also could be used in applications that required rapid
charge/discharge, high power, and release of energy [1]. Activated carbons are porous carbon materials of
great interest for utilization as supercapacitor electrodes because they can be readily prepared from cheap
biomass residues and wastes. Lignin (L) is the second most abundant biopolymer after cellulose and is
extremely low cost and of phenolic nature. It has been found that lignin is an excellent precursor of activated
carbon and bioadsorbent, due to its high molecular weight polymer complex structure and the presence of
different high electron density functional groups such carboxylic, carbonyl, hydroxyl and ketone [2]. In this
work, L was a eucalyptus Kraft lignin, activated chemically and physically, and carbonaceous materials
obtained were evaluated as electrodes for supercapacitors using a two-electrode cell in an acid medium (1 M
H2SO4). Chemical activation was carried out by lignin impregnation with an aqueous solution using a H3PO4,
KOH and K2CO3 as activated agents (AA) at two AA/L weight ratio of 1/1 and 2/1. The slurries were dried
at 105 ºC for 12 h and heated at three temperatures 450, 600 and 800 ºC for 1 h, washed several times with
water and finally dried at 105 ºC. Specific surface area values (SSA) ranged between around 500 and 1500
m2/g, isotherms showed a microporous structure (isotherm type I) with KOH at AA/L weight ratio of 2/1 and
micro-mesoporous structure (isotherm type I-IV) for the others mixtures. Cyclic voltammograms in 1 M
H2SO4 at 0.5 mV/s showed symmetric and quasi-rectangular shape with a small peak around 0.3 V in the
positive sweep that may be related to a pseudofaradaic contribution of surface nitrogen from lignin and
phosphorus groups from activating agent. The gravimetric capacities determined by chronopotentiometry at
0.125 A/g showed values between 30 and 45 F/g equivalent to at 120 and 180 F/g for a three-electrode
configuration. However, the gravimetric capacitance values were lower than found by Zhang et al. [3] (lignin
activated with KOH, 3775 m2/g, 287 F/g at 0.2 A/g 6 M KOH) and Yu et al. [4] (pyrolysis/activation, 2233
m2/g, 312 F/g at 0.05 A/g 6 M KOH). According to the literature, electrodes of supercapacitors obtained from
lignin have a good electrochemical performance, which suggests that lignin could be an excellent and lowcost precursor for energy storage applications.
[1] CONWAY, B. New York, 1996. Electrochemical Supercapacitors Scientific Fundamentals and
Technological Applications, Kluwer Academic.
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Due to the depletion of materials derived from oil and coal, a change in the processing of polymeric materials from
industrial waste is inevitable [1]. These latter materials are renewable, biodegradable and more available, which allow
achieving economically viable products that are friendly to the environment [2, 3, 4]. It is for this reason that in recent
years there has been a growing interest in studying the use and applications of eucalyptus Kraft Lignin (KL) for the
preparation of bio-adsorbers for the treatment of water, which has become a priority to control the contamination of
water sources. In this work, the elaboration of a hyperbranched polymer for the removal of heavy metals present in
water from KL is described, taking advantage of its versatile structure and reactive functional groups, such as the
phenolic hydroxyl groups [2, 3, 5, 6, 7, 8].
The methodology has consisted of oxidizing the KL at acid conditions with H2O2 at a temperature of 100 °C, to obtain
oxidized kraft lignin (OKL). Subsequently, different amounts of cyanuric chloride (CC) were added in dioxane [9],
adhering to the kraft lignin (OKL-CC), in order to increase the affinity for polar molecules [10]. To confirm the
modification of the LK structure, different characterization techniques were used such as FTIR, TGA, SEM and N 2
adsorption at 77 K [11] (see Figure 1).
The modified lignins showed a peak increase at 1750 cm-1 as a consequence of the oxidation, and the cross-linking
with CC was verified in the peaks at 1250 and 525 cm-1 due to the C-N bonds. The TGA analysis showed that as the
KL is modified, the thermal stability of the material decreases. In addition, SEM showed a more closed structure as
the amount of CC was increased. The specific surface area (S BET) of KL was 13 m2/g, which after oxidizing (OKL)
decreased to 6 m2/g and increasing the amount of CC was almost null, possibly due to the incorporation of functional
groups on micropores.

78

Figure 1. IR spectra and Scanning Electron Microscope (SEM) image of KL, OKL and OKL-CC structures.
Subsequently, a comparison was made for the removal of heavy metals (nickel and cadmium) with the three different
materials synthetized: KL, OKL, and OKL-CC. The metal adsorption was set at 20 ppm, 25 ° C and a pH=4, while
the amount of adsorbent was fixed in 25 mg [12]. The concentration of the metals was determined by means of atomic
absorption, resulting in a cadmium removal between 84.5% and 96.1% for OKL-CC, 90% for OKL and 24.4% for
KL. Conversely, the nickel removal with OKL-CC was between 69.47% and 80.4%, OKL yielded a result of 68.8%,
and the KL reached a 21% removal.
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For the past fifty years, the microelectronics industry has been on a relentless pace to improve the
performance of integrated circuits by fabricating more transistors onto every chip. One key technology which
has made these dramatic improvements possible has been photoresists. Central to improving the resolution
capability of photoresists has been the successive reduction in the wavelength of light used to expose them.
Currently, the microelectronics industry is undergoing a jump in wavelength from 193 to 13.5 nm. This new
imaging technology is called Extreme Ultraviolet (EUV) Lithography. 1
For decades, the manufacture of integrated circuits required that metallic contamination in all chemicals
be kept < 20 ppb. Seven years ago, however, it became apparent that the absorption of EUV photons must
be maximized and groups at Oregon State University2 and Cornell3 began exploring resists composed of
hafnium-oxide films. Thereafter, our group began to synthesize and lithographically evaluate compounds
most of the highly-absorbing metals in the periodic table (Figure 1A). Our group has successfully invented
EUV photoresists composed of amorphous thin-films of compounds containing cobalt,4 tin,5,6 platinum,7
palladium,7 bismuth and antimony8 in our project called Molecular Organometallic Resists for EUV
(MORE).
In this presentation, we will describe four of our most successful organometallic compounds containing
cobalt, palladium, tin and antimony (Figure 1B). The cobalt complex [bpyCo(ox)2- BTP+, 1],4 exhibits high
sensitivity and interesting electrochemistry. The palladium complex [(CH2(PPh2)2)Pd(ox), 2]7 represents the
only positive-tone (becomes more soluble upon exposure) MORE resist.

The tin complex

[(PhCH2)2Sn(O2CC(CH3)3)2, 3]6 provides extraordinary image quality (smooth line-edge-roughness). Lastly,
we will present on the properties of penta-coordinate antimony resists of the general form of Ph3Sb(O2CR’)2
(4) which contain olefins.8 This resist system has demonstrated remarkable sensitivity of Esize = 5.6 mJ/cm2
for 35 nm L/S features.

(A)

(B)
2
1

3

4
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Figure 1A. The periodic table with respect to EUV optical density. B. Four MORE Photoresists.
[1] R. BRAINARD, M. NEISSER, G. GALLATIN, A. NARASIMHAN, “Photoresists for EUV Lithography”; Ed.:
V. Bakshi; In: EUV Lithography. SPIE Press, 2018; Chapter 8 pp 493-591.
[2]
J. M. AMADOR, S. R. DECKER, S. E. LUCCHINI, R. E. RUTHER, AND D. A. KESZLER, “Patterning
chemistry of HafSOx photoresist,” Proc. SPIE 9051, 90511A (2014).
[3] M. TRIKERIOTIS, W. J. BAE, E. SCHWARTZ, M. KRYSAK, N. LAFFERTY, P. XIE, B. SMITH, P. A.
ZIMMERMAN, C. K. OBER, AND E. P. GIANNELIS, “Development of an inorganic photoresist for DUV, EUV,
and electron beam imaging,” Proc. SPIE 7639, 76390E (2010).
[4] S. GRZESKOWIAK, A. NARASIMHAN, M. MURPHY, L. NAPOLITANO, D. A. FREEDMAN, R. L.
BRAINARD, G. DENBEAUX; "Reactivity of metal-oxalate EUV resists as a function of the central metal”; Proc.
SPIE, 10146, Adv. Pat. Mat. Proc., 1014605 (2017).
[5] B. CARDINEAU, R. DEL RE, M. MARNELL, H. AL-MASHAT, M. VOCKENHUBER, Y. EKINCI, C.
SARMA, D. FREEDMAN, R. BRAINARD, “Photolithographic properties of tin-oxo clusters using extreme
ultraviolet light (13.5 nm),” Microelectronic Engineering 127, 44-50 (2014).
[6] R. DEL RE, J. PASSARELLI, M. SORTLAND, B. CARDINEAU, Y. EKINCI, E. BUITRAGO, M. NEISSER,
D. A. FREEDMAN, AND R. L. BRAINARD, ”Low-line edge roughness extreme ultraviolet photoresists of organotin
carboxylates”, J. Micro/Nanolith. MEMS MOEMS 14(4), 043506 (2015).
[7] M. SORTLAND; J. HOTALEN; R. DEL RE, J. PASSARELLI, M. MURPHY, T. S. KULMALA, Y. EKINCI,
M. NEISSER, D. A. FREEDMAN, R. L. BRAINARD, "Platinum and palladium oxalates: positive-tone extreme
ultraviolet resists," J. Micro/Nanolith. MEMS MOEMS 14(4), 043511 (2015).
[8] J. PASSARELLI, M. MURPHY, R. DEL RE, M. SORTLAND, J. HOTALEN, L. DOUSHARM, Y. EKINCI, M.
NEISSER, D. FREEDMAN, R. FALLICA, D. A. FREEDMAN, R. L. BRAINARD, "Organometallic carboxylate
resists for extreme ultraviolet with high sensitivity," J. Micro/Nanolith. MEMS MOEMS 14(4), 043503 (2015).
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Quasi-Solid-State Single-Atom Transistor
Fangqing Xie1*, Andreas Peukert1, Thorsten Bender1, Christian Obermair1,
Florian Wertz1, Philipp Schmieder1, and Thomas Schimmel1,2,3
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Institute of Applied Physics, Karlsruhe Institute of Technology (KIT), Campus South, 76131 Karlsruhe, Germany
2
Institute of Nanotechnology, KIT, Campus North, 76344 Eggenstein-Leopoldhafen, Germany
3
Material Research Center for Energy Systems (MZE), KIT, Campus South, Karlsruhe, Germany
Contacting address: Institute of Applied Physics, Karlsruhe Institute of Technology (KIT), Wolfgang-Gaede Str. 3,
76131 Karlsruhe, Germany.
With the arrival of the single-atom transistor,1 a quantum electronic device was demonstrated which allows the
switching of an electric current by the controlled and reversible relocation of one single atom within a metallic
quantum point-contact. The device is operating at room temperature, resembling an atomic relay. The controlled
moving of the contacting atom, however, was still performed within a liquid electrolyte so far. Here, we demonstrate
the operation of the atomic device in the quasi-solid-state.2 Gelation of pyrogenic silica transforms the electrolyte into
the quasi-solid-state, exhibiting the cohesive properties of a solid and the diffusive properties of a liquid, preventing
the leakage problem and avoiding the handling of a liquid system. The electrolyte was characterized by cyclic
voltammetry, conductivity measurements, and rotation viscometry. Thus, we give a first demonstration of the singleatom transistor operating in the quasi-solid-state. The silver single-atom and atomic-scale transistors in the quasisolid-state allow bistable switching between zero and quantized conductance levels, which are integer multiples of the
conductance quantum Go = 2e2/h. Source-Drain currents ranging from 1 µA to 8 µA were applied in our experiments.
We did not observe any obvious influence of the gelation of the aqueous electrolyte on the electron transport within
the quantum point-contact. The transfer of the concept of all-metal single-atom transistors to the solid-state represents
a key step towards the integration of single-atom quantum electronics into the solid-state environment of conventional
semiconductor electronics, paving the way for the emerging fields of atomic-scale devices and quantum technologies.
1.
Xie, F. Q.; Nittler, L.; Obermair, C.; Schimmel, T. Physical Review Letters 2004, 93, (12), 128303-1-4.
2.
Xie, F.; Peukert, A.; Bender, T.; Obermair, C.; Wertz, F.; Schmieder, P.; Schimmel, T. Advanced Materials
2018, 1801225.
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Piezoelectric acoustic sensor based on two dimensional MoS2
Hyoung Taek Kim, Ahrum Sohn, Jae Hwan Jung, Sang-Woo Kim*
School of Advanced Materials Science and Engineering, Sungkyunkwan University (SKKU), Suwon 16419, Republic
of Korea

Experimental studies on the physical properties of two-dimensional (2D) materials have grown exponentially since
2D materials offer unique advantages for use in such next-generation devices. Various semiconducting 2D materials
have been studied, including transition metal dichalcogenides (TMDs) such as molybdenum disulfide (MoS 2),
molybdenum diselenide (MoSe2), tungsten diselenide (WSe2), which are likely to bring breakthroughs in future
electronic and optoelectronic devices. The physical properties of 2D MoS 2 nanosheets have been actively explored
particularly as a result of their possible integration in both nano/microelectromechanical devices and energy harvesting
devices. In additions it is expected that piezoelectric properties of 2D layered materials are very useful to realize high
sensitive, high impact resistive, self-powered sensor.[1] Here we report a new way to use 2D MoS2 for high sensitive
2D piezoelectric acoustic sensor. The acoustic sensor fabricated by using suspended structure of MoS 2 that generate
piezoelectric output potential due to vibration transmitted by sound. We have achieved high sensitivity and high impact
resistance by using single layer or several layers of MoS2, and by using piezoelectric properties of MoS2, we have
produced an acoustic sensor that does not require standby power. This study demonstrates a new way of studying 2D
MoS2 research and acoustic sensors by developing a high-sensitivity and high-durability acoustic sensor using
suspended MoS2.

[1] K.A.N. DUERLOO, M.T. ONG, E.J. REED, J. 2012. Intrinsic Piezoelectricity in Two-Dimensional Materials. The
Journal of Physical Chemistry Letters, 3, 2871–2876.
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Solution Processing of Functional Hybrid Inorganic Macromolecules
Mengwen Yan, Kelly G. Walter, Audrey Crom, Jeremy I. Feldblyum
Chemistry Department, The University at Albany, SUNY, Albany, NY, 12222

Coordination chemistry offers excellent opportunities for the rational design of crystalline materials. 1
Properties such as porosity, conductivity, and thermal transport can be controlled by judicious choice of
ligand and metal. However, incorporating these materials into useful, application-ready configurations has
remained challenging due to the commonly lacking processability of coordination materials. We are a new
laboratory at SUNY Albany studying methods to synthesize and modify coordination materials to render
them amenable to solution-processing methods. In this presentation, we will discuss experiments
demonstrating ligand exchange in 3D and 2D coordination materials. Modifying ligands can render
coordination materials amenable to exfoliation by shear-mixing. Solution-dispersed, 2D coordination
materials will be used in diverse settings including pervaporative separations and semiconductor devices.
[1] SLATER, A. G., COOPER, A. I. 2015. Function-Led Design of New Porous Materials. Science, 348.
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Photoluminescence Trend in Carbon Quantum Dots
Jose Luis Casas Espinola, Juan Jose Lopez Hernandez, Instituto Politecnico Nacional
Instituto Politecnico Nacional

The effect of dielectric constant on the exciton ground state energy and Photoluminescence (PL) of Carbon
Quantum Dots (QDs) are investigated in four different QDs size. Four different materials for surrounding the
QDs were used: chloroform , toluene , heptane and hexane . The Carbon QDs have been characterized by
high resolution scanning electronic microscope (HR-SEM) with the aim to control the QDs shape and the
average size. The optical absorption and photoluminescence (PL) spectra were investigated in the four
samples. The results have shown that the calculated reported exciton energies are in agreement with the
experimental data. The temporal evolution of the UV/Vis absorption spectra of the Carbon QDs was
monitored in as-prepared Carbon nanocrystals. This spectrum shows a continuous red shift in absorption with
increasing reaction time at the creation of the Carbon nanocrystals. Samples dispersed in acetone show PL
spectra with red shift in comparison with samples dispersed in chloroform. As the chloroform has a higher
dielectric constant than the hexane. It is clear that due to differences of dielectric constant between the Carbon
QDs and the solvent, an electric field appears and this field modifies energy level of Carbon QDs excitons.
As a result of the differences of the dielectric constants between the quantum dot and the surrounding material
we observed a red shift in the PL spectra.
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Resistance Switching in a Single ZnO Nano-Wire
Kausik Das
University of Maryland Eastern Shore
In a memristor normally a dielectric changes its resistance with an applied electric field or current, retaining the
resistive state based on the history of the applied field. Although this new memory technology offers immense
potential, sustainable growth in this field is bogged down by several factors including cost, intricacies of design, lack
of efficient tunability, and issues with scalability and eco-friendliness. Here, we demonstrate a simple arrangement
wherein an ethanol-adsorbed ZnO single nanowire, deposited between two custom made electrodes using
dielectrophoresis technique exhibits orders of magnitude change in resistance when activated by visible light. We
show that there exists two stable ohmic states, one in the dark and the other in the illuminated regime, as well as a
delay in the transition between these saturated states. We also demonstrate that visible light acts as a non-invasive
tuning parameter for the bistable resistive states. We have modelled the resistive phenomenon analytically and
compared the theoretical results with the experimental data.
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Constructing transferrable electronics on functionalized graphene
Keith Whitener, Woo Lee, Jeremy Robinson, Paul Sheehan,
Naval Research Laboratory DARPA

Ubiquitous sensing is a rapidly emerging field that requires the installation of vast quantities of small, cheap electronic
devices on surfaces of all types, including fragile or biological surfaces. Since in most cases, electronics cannot be
directly built or processed on these delicate surfaces, a method is needed to build electronic devices and subsequently
transfer them onto their target substrates. We have shown that chemically hydrogenated graphene is capable of
delaminating cleanly from its substrate while retaining any functional groups as well as more delicate physical
properties such as magnetic characteristics. This occurs because hydrogenation weakens the van der Waals adhesive
force between graphene and its substrate. We further show that electronically active devices, including a graphene
ribbon FET and an ammonia gas sensor, can be constructed directly on hydrogenated graphene and transferred to a
variety of surfaces with retention of functionality. This transfer is mild, non-toxic, biocompatible, and involves
exposing the surface only to water. Transfer techniques like this will be essential for maximizing the deployment of
small electronic devices for ubiquitous sensing.
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A method to fabricate high resolution afm tips using nanoscale chemical
templating technique
Maha M Khayyat

A method of fabricating high resolution atomic force microscopy (AFM) tips including a single semiconductor
nanowire grown at an apex of a semiconductor pyramid of each AFM tip is provided. The semiconductor nanowire
that is grown has a controllable diameter and a high aspect ratio, without significant tapering from the tip of the
semiconductor nanowire to its base. The method includes providing an AFM probe including a semiconductor
cantilever having a semiconductor pyramid extending upward from a surface of said semiconductor cantilever. The
semiconductor pyramid has an apex. A patterned oxide layer is formed on the AFM probe. The patterned oxide layer
has an opening that exposes the apex of the semiconductor pyramid. A single semiconductor nanowire is grown on
the exposed apex of the semiconductor pyramid utilizing a non-oxidized Al seed material as a catalyst for nanowire
growth.
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Charge Transfer Dynamics controlled by the band alignment at ZnPc-MoS2
Interface: Monolayer vs Bulk
Tika Kafle, Bhupal Kattel, Wai-Lun Chan
University of Kansas

Transition-metal dichalcogenide crystals (TMDC) have received much attention recently because they provide the
flexibility in tailoring material properties by stacking different monolayer (ML)-thick crystals together. This
tailorability can be further enhanced by forming a heterostructure with other functional materials such as organic
semiconductors. We use femtosecond time-resolved photoemission spectroscopy to study the electronic band
alignment and electron transfer (ET) dynamics at a prototype zinc phthalocyanine (ZnPc)- MoS2 interface. In
particular, we compare the results obtained from the ZnPc-ML MoS2 and ZnPc-bulk MoS2 interfaces. It is found that
the energy offset between the ZnPc’s HOMO and the MoS 2 ’s valence band maxima at gamma point is essentially
“pinned” at ~ 0.2 - 0.3 eV, which leads to different amount of band-bending in the ZnPc layer. Although both interfaces
shows sub-100 fs ET from ZnPc to MoS2 , the lesser band bending at the ZnPc-ML MoS2 enables a longer-range
coherent ET. Previously, we observe significant back ET from MoS 2 to ZnPc via the triplet formation in ZnPc at the
ZnPc-bulk MoS2 interface (ACS Nano 11, 10184). This triplet formation process is significantly suppressed at the
ZnPc-ML MoS2 interface. We attribute this observation to a longer spin lifetime in MoS 2 , and a less desirable band
alignment for the back ET at the ZnPc-ML MoS2 interface because of the larger bandgap of ML MoS2 . The very
different electron dynamics observed for bulk and ML MoS 2 indicates the subtle difference in the band alignment
plays an important role in the ET dynamics.
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Pulsed Anodic Arc Discharge for the Synthesis of Carbon Nanomaterials
Carles Corbella1, Sabine Portal1, Denis B. Zolotukhin1,2, Luis Martinez1, Li Lin1, Madhusudhan N. Kundrapu3,
Michael Keidar1
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Department of Mechanical & Aerospace Engineering, George Washington University, 800 22nd Street, Northwest,
Washington, DC 20052, United States.
Department of Physics, Tomsk State University of Control Systems and Radioelectronics, 40 Lenina Prospect,
Tomsk, 634050, Russia.
3
Tech-X Corporation, 5621 Arapahoe Ave. Suite A, Boulder, CO 80303, United States.

Anodic arc discharge provides 1-D and 2-D nanomaterials showing perfect crystalline properties with a high
production efficiency.[1] Their excellent physical properties make them suitable for a large number of
applications.[2] Pulsed arc discharges can improve arc control and tailor the ablation process. In this work,
nanoparticles and two-dimensional materials, such as graphene layers and nanotubes, have been deposited
by means of anodic arc discharge in helium atmosphere excited with a square-wave modulated signal (1-5
Hz, 10% duty cycle). The discharges were performed between two graphite electrodes with maximal peak
current of 250 A and maximal voltage of 65 V. Figure 1 shows the waveforms of arc current and arc voltage
corresponding to 1 Hz pulsed discharge. The erosion rates and conversion efficiency of the ablated anode are
compared to reference samples grown in dc steady arc mode. Combination of Langmuir probe diagnostics
and optical emission measurements provided plasma parameters of the pulsed discharge (gas and electron
temperatures, and plasma density). The obtained samples were characterized with Raman spectroscopy and
scanning electron microscopy (SEM). The SEM image in Figure 2 shows the deposit on the cathode after
pulsed arc, which consisted of carbon nanostructures such as graphene nano-platelets and carbon nanotubes.
Erosion dynamics of pulsed arc discharge have been modeled and compared to traditional steady arc
discharge. We can conclude that pulsed anodic arc discharge is a very efficient source of carbon
nanomaterials. The large control of the discharge characteristics will permit to tailor the production and the
properties of carbon nanotubes and graphene. This deposition method is promising for the fabrication of
semiconducting nanomaterials with tunable electrical and optical properties.
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[1] SHASHURIN, A. & KEIDAR, M. 2015. Synthesis of 2D materials in arc plasmas. J. Phys. D: Appl.
Phys., 48, 314007.
[2] LEVCHENKO, I., XU, S., TEEL, G., MARIOTTI, D., WALKER, M.L.R. & KEIDAR, M. 2018. Recent
progress and perspectives of space electric propulsion systems based on smart nanomaterials. Nature Comm.,
9, 879.
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Phase transition-based Terahertz and Infrared Devices
N.A. Charipar, H. Kim, R.C.Y. Auyeung, S.A. Mathews, K.M. Charipar, A. Piqué
Naval Research Laboratory, Washington, DC 20375, USA

Divergent material properties in metal-insulator, ferroelectric, and ferromagnetic materials near their phase
transitions offer unique advantages. One such example is the canonical metal insulator transition in vanadium
dioxide (VO2). The abrupt change in physical properties such as electrical conductivity and index of
refraction make VO2 an ideal material choice for active devices. Here, we will show how VO2 growth
conditions can affect not only the transition temperature and switching magnitude but also the switching
speed. To demonstrate how the phase transition in VO 2 can be exploited in terahertz and infrared devices,
three examples will be provided. The first example will be a THz modulator illustrating how a hybrid VO 2
split ring resonator structure can be used to control the propagation of THz pulses. Secondly, a phase change
THz emitter will be discussed along with associated electro-optic autocorrelation measurements. Lastly, a
passive solid state radiator for spacecraft thermal control will be discussed. This thin film radiator facilitates
thermal control via a change in emissivity thereby varying the amount of emitted power which helps to
maintain thermal homeostasis.

This work was funded by the Office of Naval Research (ONR) through the Naval Research Laboratory Basic
Research Program.
[1] SUESS, R.J., BINGHAM, N.S, CHARIPAR, K.M., KIM, H., MATHEWS, S.A, PIQUE, A.,
CHARIPAR, N.A., 2017. Ultrafast Phase Transition Dynamics in Strained Vanadium Dioxide Films.
Advanced Materials Interfaces 4(22), 1700810
[2] CHARIPAR, N.A., KIM, H., MATHEWS, S.A, PIQUE, A., 2016. Broadband terahertz generation using
the semiconductor-metal transition in VO2. AIP Adv. 6 (1), 015113
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Exciton emissions in quasi onedimensional layered KP15
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When a photon is absorbed by a semiconductor, an electron is excited from the valence band into the conduction
band, leaving a positively charged hole in the valence band. Sometimes, due to the strong Coulomb interaction
between the electron and the hole, they will bind together to form a quasi-particle which is called an exciton. The
existence of excitons plays a central role in many semiconductor devices. In a nanosystem, exciton properties can
be strongly influenced not only by the electron–hole Coulomb interaction but also by the physical dimensions of
the material. In this paper, we studied the excitonic states of KP15 nanowires, which have high carrier mobility
and in-plane anisotropic electrical and optical properties. Power, thickness, and temperature-dependent
photoluminescence (PL) measurements were carried out. We found two neutral exciton emissions from KP15
nanowires. The high energy emission (1.83 eV) seems to be produced by the surface state, and the lower one
(1.67 eV) may be produced by the original crystal structure of KP15. The KP15 nanowires also exhibited a large
exciton binding energy (98 meV), which is one order of magnitude greater than those of common semiconductors.
Our results open new routes for the development of new photonic and optoelectronic devices.
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