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WELCOME TO THE CONFERENCE ON 

ADVANCES IN FUNCTIONAL MATERIALS 2017 

Overview 
After the grand success of the 1st and the 2nd edition of Advances in functional Materials (AFM) 

Conference, we, the Conference Co-chairs and the organizing committee welcome you again to 

the 3rd International Conference on Advances in Functional Materials (AFM 2017) that is going to 

be held at University of California, Los Angeles Campus (UCLA) from August 14-17, 2017 in the 

sprawling Southern California city and the center of the international film and television industry.  

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. More than 1300 abstracts have been 

received from all over the world. 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 Materials & Design, a multi-disciplinary journal (impact 

factor 3.997) published by Elsevier. 

In addition, the participants of the conference will also be able to attend the talks from our highly-

reputed 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. Los Angeles 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 UCLA for 

a stimulating Conference, a friendly gathering amongst friends and simply a good time. 
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http://so5.stanford.edu/
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3. Energy Solar: 
Prof. Yang Yang, (University of California Los Angeles) 

Prof. Aditya Mohite, (Los Alamos National Laboratory) 

4. Battery/Supercapacitor: 
Prof. Bruce Dunn, (University of California Los Angeles) 

Prof. Sarah Tolbert, (University of California Los Angeles) 

Prof. Richard Kaner, (University of California Los Angeles) 

Prof. Xiangfeng Duan (University of California Los Angeles) 

5. Fuel Cell: 
Dr. Nenad M. Markovic (Argonne National Laboratory, Lemont) 

Prof. Allen Bard, (University of Texas at Austin) 

Dr. Rod Borup (Los Alamos National Laboratory), 

Dr. Yu Seung Kim (Los Alamos National Laboratory chemistry) 

Dr. Deborah Myers (Argonne National Laboratory), 

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) 

Prof. Takao Someya, (University of Tokyo, Japan) 

Prof. Dae-hyeong kim (Seoul National University, Korea) 

Prof. Zhong Lin Wang (Georgia Tech, USA) 

8. Nanobio: 
Prof. Charles Lieber (Harvard University, USA) 

Prof. Hongjie Dai (Stanford University, USA) 

Prof. Chunhua Yan (Peking University, China) 

Prof. Weihong Tan (University of Florida, USA) 

Dr. Tan Sui (University of Oxford UK) 

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) 
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10. Nanocrystals synthesis/assembly: 
Prof. Chad Mirkin (Northwestern University, USA) 

Prof. Chris Murray (University of Pennsylvania, USA) 

Prof. Younan Xia (Geogia Tech. USA) 

Prof. Yadong Yin (UC Riverside) 

Prof. Kwanghee Lee (Gwangju Institute of Science & Technology (GIST), Korea), 

Dr. Michael De Volder (University of Cambridge, UK) 

Prof. Li Zhang (The Chinese University of Hong Kong) 

Prof. Hui-Ming Cheng (Chinese Academy of Sciences, China) 

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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12. Prof. Yur Gogotsi   Drexel Univeristy, USA 

13. Prof. Qihua Xiong   Nanyang Technology University, Singapore 
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CATHERINE J. MURPHY 
Peter C. and Gretchen Miller Markunas Professor of 

Chemistry 

Affiliate, Materials Science and Engineering 

Affiliate, Micro and Nanotechnology Laboratory 

Associate Director, Materials Research Laboratory 

 

 

Going for the Gold 

Gold nanoparticles have fascinating optical and photothermal properties that are tunable with nanoparticle size and 

shape.  Upon illumination into their plasmon bands, gold nanoparticles generate scattered light, electric fields, and 

heat, all of which can be used for numerous applications in chemical sensing, biological imaging, and photothermal 

therapy.  Biological applications especially require understanding of the surface chemistry of these nanomaterials.  In 

this talk I will describe some of our latest results in growing, modifying, and using gold nanoparticles for 

understanding the nano-bio interface. 
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HUA ZHANG 
Center for Programmable Materials, School of 

Materials Science and Engineering, Nanyang 

Technological University, Singapore 

 

 

Crystal Phase-Controlled Synthesis of Novel Noble Metal Nanomaterials 

 

In this talk, I will summarize the recent research on the crystal phase-controlled synthesis of novel noble metal 

nanomaterials in my group. It includes the first-time synthesis of hexagonal-close packed (hcp) Au nanosheets 

(AuSSs) on graphene oxide, surface-induced phase transformation of AuSSs from hcp to face-centered cubic (fcc) 

structures, alternating hcp/fcc Au square-like plates from AuSSs, ultrathin Au nanowires containing hcp phase, 

synthesis of ultrathin fcc Au@Pt and Au@Pd rhombic nanoplates through the epitaxial growth of Pt and Pd on the 

hcp AuSSs, respectively, the first-time synthesis of 4H hexagonal phase Au nanoribbons (NRBs) and their phase 

transformation to fcc Au RNBs, the epitaxial growth of Ag, Pt, Pd, PtAg, PdAg, PtPdAg, Rh, Ir, Ru, Os and Cu on 

4H Au NRBs to form the 4H/fcc Au@metal core–shell NRBs, and the synthesis of 4H/fcc-Au@metal sulfide core-

shell NRB heterostructures. Currently, my group focuses on the crystal phase-based properties and applications in 

catalysis, surface enhanced Raman scattering, waveguide, photothermal therapy, chemical and biosensing, etc., which 

we believe are unique and critically important not only fundamentally, but also practically. Importantly, the concepts 

of crystal phase noble metal heterostructures is proposed. 

Keywords: Crystal Phase; Noble Metal Nanomaterials; Hexagonal-Close Packed; Face-Centered Cubic; Gold; 

Ultrathin Nanosheets 
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Jian Bin XU 
Vice-Chancellor’s Outstanding Fellow of the Faculty of 

Engineering, Chinese University of Hong Kong 

 

  

Exploration of Inorganic and Organic Electronic Materials in the Flatland 
 

In this presentation, we will report on our recent progress in preparation and characterization of highquality two-

dimensional (2D) layered materials in two categories. The first category is inorganic materials, namely graphene, 

MoS2, WS2, WTe2, and MoTe2. The second one is organic materials, namely, pentacene and C8-BTBT small 

molecules.  

We will present in detail the unique formation mechanisms of graphene, MoS2, WS2 WTe2, MoTe2, and pentacene 

sheets with various vapor deposition techniques. Afterwards we will discuss their heterostructures and applications in 

optoelectronic devices. By leveraging on strong photonic interactions via hybrid layered material/photonic waveguide 

and heterostructure architectures, we are able to devise the high performance photodetectors/modulators from visible 

to the infrared spectral regions, and even in the terahertz region. 

Finally we deliberate the scattering mechanisms responsible for the electronic transport properties on the supported 

2D layered sheets on SiO2/Si substrate. We will discuss an interface engineering strategy based on highly-ordered 

self-assembled monolayer (SAM) passivated SiO2/Si substrate. Thanks to the passivation, we have successfully 

constructed the high-performance transistors by significantly reducing the electrically deleterious species in the active 

channels. We envision that both atomically-flat SAM platform and photonic-active structures will be generically 

applicable to realizing high performance devices. 
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JOHN A. ROGERS 
Swanlund Chair | Professor of Material Science & 

Engineering 

 

 

 

 

Materials and Device Concepts for Biodegradable Electronics 

 

A remarkable feature of modern integrated circuit technology is its ability to operate, almost indefinitely, in a stable, 

reliable fashion, without physical or chemical change.  Recently developed classes of electronic materials create an 

opportunity to engineer the opposite outcome, in the form of devices that dissolve, in a controlled fashion, completely 

and harmlessly in water.  Enabled applications include zero-impact environmental monitors, 'green' consumer 

electronics and temporary bioelectronic implants.  This presentation describes foundational concepts in chemistry, 

materials science and assembly processes for these types of technologies.  Wireless sensors of intracranial 

temperature, pressure and electrophysiology designed to monitor recovery from traumatic brain injury provide some 

application examples. 

  



 

 34 

LAIN-JONG LI 
Professor of Materials Science and Engineering 

Physical Sciences and Engineering Division, King 

Abdullah University of Science and Technology, Thuwal, 

Kingdom of Saudi Arabia 

 

Advanced Growth of 2D Transition Metal Dichalcogenide Monolayers and 

Their Heterostructures 

 

Our recent demonstration in vapor phase growth of TMD monolayers such as MoS2 and WSe2 has stimulated the 

research in growth and applications (1). The growth mechanism and the orientation control of the 2D flakes will be 

first discussed. These 2D monolayer building blocks can be used to form p-n junctions. For example, the 

heterostructures of 2D materials formed by vertical stacking have been realized via transfer of their exfoliated flakes, 

where their electronic structures are dominated by the stacking orientation and strength of interlayer coupling(2). 

Another very attractive structure is the lateral heterojunction, where we have demonstrated that the atomically sharp 

p-n junction exhibits diode properties and a large strain exhibits at the junction region which offers tunability in 

electronic structures (3).  

In addition to the symmetry 2D materials, we have also developed a method that can precisely manipulate arrangement 

of chalcogenide atoms (S and Se) along the vertical direction of TMD. This new strategy allows us to fabricate a 

MoSSe Janus structure, where the transition metals are sandwiched by selenium at upmost and sulfur at bottom. Such 

a Janus 2D monolayer exhibits piezoelectric responses and optical dipole along out-of-plane direction (4).  
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LIMING DAI 
Center of Advanced Science and Engineering for Carbon 

Departments of Macromolecular Science and Engineering, 

Case Western Reserve University, Cleveland, Ohio, USA 

 

Multifunctional carbon-based metal-free catalysts for efficient energy 

conversion and storage 
 

 

Green and renewable energy technologies, such as fuel cells, batteries, and water-splitting systems, hold great promise 

to solve current energy and environmental challenges. However, noble metal catalysts (e.g., Pt, Pd, RuO2, IrO2) are 

generally needed to promote the hydrogen evolution reaction (HER) for hydrogen fuel generation from photo-

electrochemical water-splitting, oxygen reduction reaction (ORR) in fuel cells for energy conversion, and oxygen 

evolution reaction (OER) in metal-air batteries for energy storage. The high cost of precious metal-based catalysts 

and their limited reserve have precluded these renewable energy technologies from large-scale 

applications.   

Along with the recent intensive research efforts in reducing/replacing noble metal based catalysts (i.e., Pt) for ORR in 

fuel cells, we have previously 

demonstrated that vertically 

aligned nitrogen-doped carbon 

nanotubes (VA-NCNTs) could 

actively catalyze ORR via a four-

electron process free from the 

methanol crossover and CO 

poisoning effects with a 3-time 

higher electrocatalytic activity and 

better long-term durability than 

that of commercial Pt/C catalysts. 

The improved catalytic 

performance was attributed to the 

doping-induced charge transfer 

from carbon atoms adjacent to the 

nitrogen atoms to change the 

chemisorption mode of O2 and to 

readily attract electrons from the 

anode for facilitating the ORR (cf. 

figure).  

Subsequently, it was demonstrated 

that various carbon nanomaterials, 

doped with heteroatoms of different electronegativities from that of carbon atom, physically adsorbed with certain 

polyelectrolytes, and even without any apparent dopant or physically adsorbed polyelectrolyte, could also exhibit good 

ORR performance. More recent studies have further demonstrated that certain heteroatom-doped carbon 

nanomaterials could act as metal-free bifunctional catalysts for ORR/OER in metal-air batteries for energy storage, 

and even ORR/OER/HER trifunctional catalysts for self-powered water-splitting to generate hydrogen fuel and 

oxygen gas from water as well as integrated energy systems.  

 

 

 

 

 

 

 

 

 

Figure Caption: (A) The calculated charge density distribution 

for a N-doped carbon nanotube. (B) Schematic representations 

of possible adsorption modes of an oxygen molecule at an all-

carbon nanotube (top) and a N-doped carbon nanotube 

(bottom). [Figure Source: Gong; Du; Xia; Durstock; Dai 

Science 2009, 323, 760.]. 
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In this talk, we will summarize some of our work on the metal-free catalysts based on carbon nanomaterials for various 

energy-related reactions, along with an overview on the recent advances and perspectives in this exciting field. 
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MICHAEL S. STRANO 
Professor | Department of Chemical Engineering, 

Massachusetts Institute of Technology, Cambridge, USA 

 

 

New Functional Materials Enabled by 1D and 2D Nanomaterials 

Our laboratory has been interested in how 1D and 2D electronic materials such as carbon nanotubes, graphene and 

transition metal dichalogenides, can manipulate electrons, phonons and photons in unique ways. This presentation 

will focus on recent advances from our laboratory at MIT to create materials with new combinations of functions and 

properties. Two-dimensional (2D) materials can uniquely span the physical dimensions of a surrounding composite 

matrix in the limit of maximum reinforcement. However, the alignment and assembly of continuous 2D components 

at high volume fraction remain challenging. We use a stacking and folding method to generate aligned 

graphene/polycarbonate composites with as many as 320 parallel layers spanning 0.032 to 0.11millimeters in thickness 

that significantly increases the effective elastic modulus and strength at exceptionally low volume fractions of only 

0.082%. An analogous transverse shear scrolling method generates Archimedean spiral fibers that demonstrate exotic, 

telescoping elongation at break of 110%, or 30 times greater than Kevlar. Both composites retain anisotropic electrical 

conduction along the graphene planar axis and transparency. These composites promise substantial mechanical 

reinforcement, electrical, and optical properties at highly reduced volume fraction. Additionally, we present a theory, 

experimentally validated, of how fluid phase equilibria is significantly altered when confined to nanometer scale 

dimensions, creating the potential to embed tunable phase change materials, as well as unique liquid or solid properties 

encapsulated within new matricies. Our theory, based on the Turbull number, can predict the solid/liquid coexistence 

for any fluid and any Nanoconfined system down to approximately 4 nm. Below this limit, we show remarkable 

departures experimentally. Fluid phase transitions inside isolated nanotubes deviate substantially from classical 

thermodynamics and also allow the study of ice nanotube (ice-NT) properties. Herein, we measure, using two different 

techniques, the diameter dependent phase boundaries of ice-NTs within isolated CNTs 1.05, 1.06, 1.15, 1.24, and 

1.52nm in diameter using Raman spectroscopy. The results reveal both an exquisite sensitivity to diameter and 

substantially larger temperature elevations of the melting transition than theoretically predicted by as much as 100°C. 

Dynamic water filling and reversible freezing transitions were marked by 2 to 5cm-1 shifts in the radial breathing 

mode (RBM) frequency, revealing reversible melting at 138°C and 102°C for 1.05 and 1.06nm single and double-

walled CNTs, respectively. A near-ambient phase change at 15°C was observed for 1.52nm CNT, whereas freezing 

inside 1.24nm tube was suppressed at -30°C. These extreme phase transitions enable the study of ice-NT at high 

temperatures and their potential utilization as novel phase change materials. These new fabrication and 

thermodynamic concepts promise fundamentally new materials with unique combinations of properties. 

OMAR M. YAGHI 
James and Neeltje Tretter Chair Professor of Chemistry, UC Berkeley | Senior Staff Scientist, 

Lawrence Berkeley National Laboratory | Ph.D., University of Illinois-Urbana 
 

 

Reticular Chemistry and the design of new materials for clean energy 
  

Reticular Chemistry - the chemistry of linking molecular building blocks by strong bonds into crystalline extended 

structures, such as metal–organic frameworks (MOFs) and covalent organic frameworks (COFs), has significantly 
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expanded the scope of chemical compounds and useful materials. These materials have the highest surface areas 

known to date, making them useful in many applications including the (1) storage and separation of hydrogen, 

methane, and carbon dioxide, (2) conversion of carbon dioxide to fuels and high value chemicals, (3) capture of water 

from air for fresh water production, (4) highly selective cleavage of peptides using enzyme-inspired catalysis, and (5) 

storage of ions in supercapacitor devices, and transport of protons and electrons in conductive frameworks.  
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Distinguished Professor of Materials Science & Engineering, 

University of California, Los Angeles 
 

 

 

Precise Chemical, Physical, and Electronic Nanoscale Contacts 

 

The physical, electronic, mechanical, and chemical connections that materials make to one another and to the outside 

world are critical. Just as the properties and applications of conventional semiconductor devices depend on these 

contacts, so do nanomaterials, many nanoscale measurements, and devices of the future. We discuss the important 

roles that these contacts can play in preserving key transport and other properties. Initial nanoscale connections and 

measurements guide the path to future opportunities and challenges ahead. Band alignment and minimally disruptive 

connections are both targets and can be characterized in both experiment and theory. I discuss our initial forays into 

this area in a number of materials systems. 
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SARAH H. TOLBERT 
Professor, Department of Chemistry and Biochemistry, UCLA  

Member, NanoElectronics, Photonics, Architectonics, 

NanoMechanical and Nanofluidic Systems, California 

NanoSystems Institute 

Researcher, Inorganic, Nanoscience and Materials, Physical 

 

Nanostructured Materials for Next Generation Electrochemical Energy 

Storage 
 

In this talk, we examine ways that solution processed nanostructured materials can be used to address both 

fundamental and practical issues relevant to next generation electrochemical energy storage.  We begin with 

nanoporous materials for application in fast charging battery-like applications.  Materials with appropriate porous 

architectures can be synthesized using a range of solution phase methods, including polymer templating, nanoparticle 

assembly, and selective solution phase dealloying of mixed metal solid-state precursors.  The resulting nanoporous 

materials can form the basis for high power electrochemical energy storage materials known as pseudocapacitors.  In 

such materials, the nanoscale porosity can produce a very desirable combination of electrical connectivity, electrolyte 

access to the interior of the material, ample surface redox sites, and very short solid-state diffusion lengths for lithium 

ions.  With idealized architectures and bonding geometries, a unique combination of high energy density and high 

power density can be achieved, in some case combined with reactivity toward ions other than Li+.  Similar architectures 

can also be used to increase stability and cycle life in high capacity electrode materials that normal show significant 

strain related degradation.  Finally, related systems show promise for chemical energy storage in the form of electro-

catalytic water splitting.  Taken together, these results emphasize the key role played by nanoscale structure in energy 

storage materials. 

  



 

 41 

YANG YANG 
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Engineering of Interfaces and Intermediate Phases for Efficient Perovskite 

Solar Cells 

Certified power conversion efficiencies (PCE) of perovskite solar cells have risen to reach an impressive 22.1%. 

However, despite such high device efficiencies, it has been reported that microscopic inhomogeneity of PCE still 

exists that reduces cell performance. Recent studies have uncovered the origins of the inhomogeneity to be related to 

structural disorders (defects). The defects at grain boundaries and interfaces induce shallow trap states, localizing 

charge carriers that are ultimately lost through non-radiative recombination, while the defect density across the grain 

interior is found to be dependent on the crystal facet, resulting in facet-dependent photovoltaic performance within a 

single grain. Therefore, to achieve a higher performance, careful engineering of grain growth and passivation of 

resulting boundaries is essential. 

 In this presentation, I will report our recent developments on methods for controlling of crystallization and 

passivation of the defects. Careful engineering of intermediate phases enabled management of crystallization kinetics 

of the perovskite layer, which resulted in significantly enhanced crystallinity with reduced defects. The remaining 

surface and interfacial defects were passivated by a self-assembly monolayer or Lewis base additive. As a consequence 

of the reduced defect states and enhanced carrier lifetime, PCE exceeding 19% (steady-state PCE >18%) was achieved 

with planar heterojunction perovskite solar cells. 

 In addition, I will also report our works on the perovskite tandem solar cell progresses.  The engineering of 

the tunneling junction is one of the keys in our high performance tandem devices. 
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2D ordered double transition metal carbides (MXenes) 
 

Two-dimensional (2D) transition metal carbides and nitrides (MXenes) are an emerging family of 2D materials that 

have been expanding rapidly. About 30 different MXenes have been synthesized to date, such as Ti2C, Ti3C2, Nb2C, 

V2C, Mo2C, and Nb4C3, and several more theoretically predicted.1 The MXenes reported to date have surface 

functionalities, such as hydroxyl, fluorine, and oxygen, which add hydrophilicity to their surfaces. The family was 

expanded in 2015,2 by the discovery of ordered double transition metal MXenes, such as Mo2TiC2 and Mo2Ti2C3, in 

which one or two layers of a transition metal (e.g., Ti) are sandwiched between the layers of another transition metal 

(e.g., Mo) in a 2D carbide structure. This tailoring of atomic ordering, where one atomic plane in a MXene can be 

replaced by another type of transition metal, gives unique control over properties in 2D.3,4 MXenes’ versatile chemistry 

renders their properties tunable for different applications, such as energy storage, electromagnetic interference 

shielding, reinforcement for composites, water purification, chemical, photo- and electro-catalysis, bio- and gas-

sensors, lubrication, etc. Attractive electronic, optical, plasmonic and thermoelectric properties have also been 

predicted.1 The structure, properties and applications of these MXenes followed by an outlook for the future research 

will be presented. 
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Interlayer Coupling and Charge Transfer in 2D 

Semiconductors and Heterostructures 

 

2D semiconductors, such as transitional metal chalcogenides and black phosphorus, have attracted considerable 

attention due to fascinating physical properties a wide range of applications in valleytronics, optoelectronics and 

superconductivity. The interlayer interaction is particularly important in both homogenous few-layer systems and 

heterogeneous structures formed by “lego” fashion, which underpins the foundation for rational engineering towards 

unprecedented functionality. In this talk, I will introduce our work on interlayer coupling and charge transfer in 2D 

atomically thin semiconductors and their heterostructures. The unique charge transfer mechanism in 2D 

semiconductor heterostructures leads to an interesting blinking phenomenon, whereby a bright state emission occurs 

in one monolayer while a dark state emission occurs in the other, and vice versa. Such correlated blinking can be 

probed in detail by steady-state and transient spectroscopy measurements, providing new platform to study the long-

standing puzzling blinking phenomenon in nanomaterials. In homogenous system, I will present how the charge 

transfer by a gate modulation breaks the symmetry in a bilayer sample such that a charge-induced second harmonic 

generation is produced, due to a confined charging in W-atomic plane and a screening effect.  
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Nanomaterials for dental applications: from academic innovation to 

commercialisation 
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In recent years, our team has developed an interdisciplinary research programme dedicated to the development of new 

silver nanoparticle-based materials for application in dentistry. This work aims to solve a series of dental problems, 

ranging from tooth decay to periodontal disease, by providing persistent antibacterial action to manage disease and 

prevent recurring infections. Our approach involves the preparation of a range of selectively-functionalised, 

antibacterial silver nanoparticles through the use of microemulsion techniques for incorporation into a variety of 

materials, from hydrogels to glass ionomer cements. Our materials demonstrate significant antimicrobial activity 

against a range both planktonic cells and biofilm species, and offer significant advantages over currently-used 

treatment strategies to combat disease.  

Our team have been committed to pursuing both beneficial health and commercial outcomes for our work, and in this 

talk, our journey from the lab bench, through animal trials and onto successful commercialisation of a range of 

technologies, including spin-out company formation, will be highlighted.  
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In-situ X-ray diffraction on sol-gel doped-PZT ferroelectric thin film 

B. Allouche1, I. Gueye1, 2, G. Le Rhun1, 2, P. Gergaud1, 2 and N. Vaxelaire1, 2 
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E-Mail: billal.allouche@cea.fr 

In this work we present in-operando measurements performed on functional polycristalline thin films using 

conventional X-ray diffraction [1, 2]. Nb and La doped lead zirconate titanate films have been prepared by the 

chemical sol-gel deposition technique at the morphotropic phase boundary composition (i.e. PbZr0.52Ti0.48O3). Films 

have been studied in the capacitance shape using Pt and Ru electrodes (i.e. Ru/PZT/Pt). Without applying electrical 

field, PZT films show (001) fiber texture with three types of domains (i.e. tetragonal-a, tetragonal-c and 

rhombohedral). Via the open access Python programming software an algorithm has been developed to fit the obtained 

X-ray data by using LmFit package [3] and taking into a count some constraints as that related to the used wavelengths 

(Cu ka1 and Cu ka2) and Scherrer peak broadening. The ferroelectric switching current has been measured 

simultaneously when applying bipolar triangular electric field and recording the corresponding X-ray diffraction data. 

Thus, the observed structural changes can be related to the macroscopic polarization and therefore to ferroelectric 

domain switching. From the relative lattice electro-strain and phase change (between tetragonal-a, tetragonal-c and 

rhombohedral) the intrinsic and extrinsic contributions to PZT properties have been quantified. It was found that the 

domain wall motion has an important role compared to that of domain extension (Fig. 1). One can consider these 

helpful results to design future piezoelectric materials with high performances. 

 

Keywords: In-situ X-ray diffraction, polycrystalline PZT thin film, MPB, ferroelectric domain. 

 

 
Fig.1: Electrical field effect on domain fraction, relative strain and domain size as revealed by X-ray diffraction. 
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Polyurethane is one of versatile polymers for foams, coatings, adhesives, and elastomers. Such thermoplastic 

polyurethane (TPU) elastomers consisted of soft and hard segment. It show the microphase separation into the soft 

and hard domains. The hydrogen bonds between the urethane groups of TPU as well as the miscibility of soft and hard 

domain affect the microphase separation. The microphase separation of TPU determines the mechanical properties as 

well as thermal properties. Strong hydrogen bonds of TPU play the role of physical crosslinks and impart excellent 

elastomeric mechanical properties to TPU. However, due to the strong hydrogen bonds of TPU, TPU melts shows 

high viscosity. Moreover TPU will be exposed to the risk of degradation when heating of TPU for melt process. 

Recently, we found that TPU showed the self-healing properties by reversible nature of urethane groups which are 

formed by the reactions between phenolic hydroxyl groups and aromatic isocyanate [1]. In this paper, azomethine diol 

was synthesized by condensation reaction between vanillin and aliphatic diamine to introduce phenolic hydroxyl group 

in polyols. As the urethane groups show reversible nature above the glass Tg of poly(azomethine-co-urethane) (PAU), 

it was observed that PAU become self-healable. Furthermore, viscosities of PAU in melts can be lowered very much 

by the decrease of molecular weights due to the reversible nature of the specific urethane groups and the processing 

of PAU becomes very easy in the melts. We have investigated relaxation behaviors of PAUs with reversible covalent 

bonds employing Dynamic Mechanical Analyzer [2]. With increasing the temperatures, more decrease of relaxation 

time was observed in the PAU with reversible covalent bonds in comparison with the TPU without reversible covalent 

bonds in the range of temperatures. From the relaxation times measured with DMA, activation energies were obtained 

following Arrhenius plot. The calculated activation energies show decrease with increasing the content of azomethine 

diol.  It is postulated that the tertiary amine in azomethine units play the role of catalyst for the reversible nature of 

the urethanes in the PAU investigated.  

Keywords: relaxation time, reversible covalent bond, polyurethane, self-healing, azomethine  
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Advance functional materials have attracted much attention as a next generation of textile fibres. The fibres 

functionality depends on end-use and covers wide range of applications. Luminous material is one of the functional 

materials in which rare earth minerals with luminescent properties are added in proper proportion to get desired 

luminescence. This type of material can be used to produce novel functional fibres also known as Luminescent Fibres. 

It is a fibre/filament which can emit its own light. Luminescent fibres have wide range of applications in textile like 

curtains, panels, fixed structures, decorative clothes, light-emitting slippers, light plush toys, knitting products, 

embroidery products etc. It also has various applications in technical textiles for fire-fighting personals and military 

personals. 

In the present work, PET luminescent fibres/filaments have been prepared by using rare-earth strontium aluminates, 

the main source of light emission Eu2+,Dy3+ were added as the luminescent material, fibre- forming polymer PET as 

the matrix by the process of melt spinning.                                                                                                                          

The structure, composition and properties of luminescent material and fibres/filaments have been done by SEM, XRD, 

DSC and persistence glowing effect. 

Key words: Decorative, Functional Fibres, Luminescence, Light-emitting, Melt-Spinning 
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The combination of graphene oxide (GO) decorated with metal oxides provides the opportunity to develop novel and 

functional materials for energy and environmental applications [1]. In this work, we decorated GO membranes with 

metal oxide nanoparticles using scanning electrochemical microscopy. GO was prepared from graphite powder by the 

Hummers modified method [2]. Inks of various concentrations were spray-coated on carbon paper to form self-

standing membranes. X-ray diffraction, FTIR and TGA studies were performed before and after decoration. In order 

to compare the performance of the physicochemical interfacial processes and determine the charge-transfer active 

regions, the scanning electrochemical microscopy technique was used to decorate and characterized the membranes 

[3]. 

Keywords: graphene oxide, carbon paper, membrane, surface. 
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Ni0.8Zn0.2CexFe2-xO4 nanoferrite samples with different compositions such as x=0, 0.1, 0.2, 0.3, 0.4 and 0.5 were 

synthesized using sol gel method. XRD (X-ray diffraction), FTIR (Fourier Transform Infrared Spectorscopy), FESEM 

(Field Emission Scanning Electron Microscopy) and VSM (Vibrating Sample Magnetometer) were used to investigate 

the phase, structure, metal stretching vibrations, morphology, dielectric and magnetic properties of Ni0.8Zn0.2CexFe2-

xO4 nanoferrites respectively. The crystallite size, lattice parameter (theoretical and experimental) and volume of the 

cell decreased with Ce3+ contents in the NiZn ferrite. The size of the crystallites were in the range of 41 to 9 nm 

respectively. The physical properties such as bulk density, X-ray density and porosity were also found to be decreased 

with Ce3+ substitution in the NiZn ferrites. However, the lattice strain were increased with Ce subsititution. The cation 

distributions at the tetrahedral and octahedral sites of the Ce doped NiZn nanoferrites were also determined. The force 

constant at tetrahedral and octahedral sites were also calculated from the FTIR analysis. The magnetic properties such 

as  remanence, saturation, coercivity, Bohr magneton and magneto crystalline anisotropy constant (K) were evaluated 

from the magnetic hysteresis loops. Saturation magnetization, remanence were decreased whereas the coercivity were 

increased. Bohr magneton and initial permeability were decreased with the substitution of Ce3+ contents. Yaffet and 

Kittle (Y-K) angles were also calculated and were increased with Ce doped NiZn nanocrystalline ferrites. These Ce-

doped NiZn nanoferrites with excellent properties have potential technological applications in various fields such as 

security, switching, core and microwave absorption applications and devices. 

Keywords: Nanoferrites; X-ray Diffraction; Fourier Transform Infrared Spectroscopy; Scanning Electron 

Microscopy, Magnetic Properties 
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Development of A New Type of Magnetoelectric Coupling 

Stephen S. Sasaki 
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Experimental realization of a novel granular multiferroic composite has successfully demonstrated a new type of 

magnetoelectric coupling. The composite multiferroic consists of single domain Ni nanocrystals forced into close 

proximity by diacid linkers and subsequently surrounded by a ferroelectric. The theoretical model provides an 

excellent fit of the experimental results, with the composite multiferroic showing an enhanced coercivity as a function 

of temperature and a significantly increased onset of observable coercivity.  
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Growth of monocrystalline semiconductor based metal/semiconductor hybrid nanocrystals （core/shell and 

heterodimer） with modulated composition, morphology and interface strain are the prerequisite for exploring their 

plasmon-exciton coupling, efficient electron/hole separation, and enhanced photoctalysis properties. By controlling 

soft acid-base coordination reactions between molecular complexes and colloidal nanostructures, we showed that 

chemical thermodynamics could drive nanoscale monocrystalline growth of the semiconductor shell on metal nano-

substrates. We have demonstrated evolution of relative position of Au and CdX in Au-CdX from symmetric to 

asymmetric configuration, different kinds of phosphine initialized cation exchange reactions to precisely synthesize 

metal/semiconductor hetero-nanostructures and doped semiconductor nanostructures, heterovalent dopant 

engineering, and oriented attachment of doped Qds into micrometer nanosheets, which can further lead to fine tuning 

of doped level, plasmon-exciton coupling, different hydrogen photocatalytic performance and enhanced photovoltaic, 

electrical properties. The doped luminescence and p-/n-type electronic impurities in semiconductor nanostructures 

enabled the exploration of their photoelectric conversion applications. 
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Sequential Processing for Production of BHJ Solar Cells and Electronic Doping of 

Conjugated Polymer Films 
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One of the key issues with improving the efficiency of conjugated polymer-based phovoltaics is controlling the nm-

scale morphology of the two active components. Typically, efficiency is optimized by trial-and-error: component 

weight ratios, solvent additives, post-processing thermal annealing, etc. are all used to attempt to obtain the desired 

bulk heterojunction (BHJ) interpenetrating network. In this talk, we discuss some of our recent work aimed at using 

alternate, more reproducible methods for controlling BHJ morphology. We show that sequential processing (SqP) of 

the polymer and fullerene components can provide an exquisite degree of control of the nm-scale morphology of a 

BHJ, and that the degree of crystallinity and swellability of the polymer controls both the amount of intercalated 

fullerene and the geometry of the interpenetrating network.  We also demonstrate that SqP can be used to molecularly 

dope films of conjugated polymers, enabling control over the crystalline domain sizes and morphology, and enabling 

AC-field Hall effect and other measurements that directly address the nature of carrier transport.   
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A novel heterogeneous hybrid catalyst was designed and synthesized by functionalization of halloysite clay nanotubes 

by 3-mercaptopropyl trimethoxysilane and subsequent immobilization of Keggin type heteropolyacid, 

phosphotungstic acid via wet impregnation method. The characterization of the catalyst was carried out by SEM/EDX, 

FTIR and XRD techniques. Moreover, the catalytic activity of the catalyst was investigated for four-component 

reaction of benzaldehydes, dimedone, 1,3-indandione, and amines to afford indeno[1,2-b]quinoline. The results 

indicated high catalytic activity and reusability of the catalyst which was superior compared to some previously 

reported catalysts. Relatively short reaction time as well as solvent-free condition was other merits of this protocol. 
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Hydrogen Storage Properties of Hollow Carbon Balls 
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Hydrogen is an advantageous energy source because it is renewable and its use would reduce the emission of pollution. 

It has been considered as an ideal energy medium for replacing fossil fuels such as oil and coal. The success of 

hydrogen economy in the future depends on our ability to discover efficient and cost-effective hydrogen storage 

materials. Considerable scientific efforts have been made to study carbon materials, metal-organic frameworks 

(MOF), metal hydrides, and so on. Among the above promising materials, carbon-based materials have received 

continuous interest as potential hydrogen storage media due to their high surface areas, tunable texture structures and 

low gas-solid interactions, which provide high hydrogen uptake capacity. Hollow carbon balls were successfully 

synthesized via dispersion polymerization and carbonization of modified poly methyl methacrylate(PMMA). The 

hydrogen storage properties and morphological structure were investigated. 

Keywords: Hydrogen storage, Carbon ball, Hollow, Dispersion polymerization 
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The dielectric dispersion is known to be due to both ferroelectric nature of a crystal and various impurities and defects 

within it occurs in ferroelectrics in the wide range of frequencies from 104 to 1012 s-1. One should have the complete 

classification of the mechanisms of the dielectric dispersion and the dielectric loss to understand better the physical 

properties of ferroelectrics. This is of great importance for the polycrystalline ferroelectrics, where the concentration 

of defects of various kinds is very high. In the present report the dielectric loss and the dielectric dispersion in a 

ferroelectric crystal with dislocations are studied. The results may be applicable both to the paraelectric and 

ferroelectric states. However, if some ferroelectric is not a piezoelectric in paraelectric state, then the investigated 

effects in paraelectric state will be rather weak because of the weak electrostriction coupling. Let a variable electric 

field be applied to a crystal. This field gives rise – through the piezoelectric coupling – to the variable mechanical 

stresses. Then the dislocations in the crystal will be driven by Peach-Koehler force and will start moving, dissipating 

the external field energy. Connection of the electric field energy dissipated per unit time with the internal friction is 

found. The case of resonant loss (Granato-Lucke model) is considered. The loss related to this mechanism to be at 

frequencies of megahertz range. The relaxation processes being responsible for the Bordoni and Hasiguti peaks also 

are considered. The use of obtained equations makes it possible to distinguish the dislocation contribution to both 

dielectric loss and dielectric dispersion and, therefore, to derive additional information about the crystal structure in a 

sufficiently simple way in terms of only one method. 

Keywords: Piezoelectrics, dielectric loss, dislocation, internal friction 
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Laminated Composite Beam Finite Element Formulation for Modeling Flexible 

Smart Structures Undergoing Large Deformations 
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Smart material elements are embedded in many composite structures that undergo large deformations, such as hybrid 

polymer composites with embedded shape-memory alloy wires or piezoelectric fibers or patches, in robotic 

applications and morphing aerospace structures. Hence, it is critical to develop efficient computational tools to 

precisely and accurately predict the deformation of such composite structures subjected to any mechanical or 

hydrothermal loading. In this work, a finite element formulation of fiber-reinforced laminated composite beams 

undergoing large deformation and rotation, in response to mechanical or hydrothermal loads, is developed based on 

Von Karman nonlinear theory and the Updated Lagrangian (UL) approach. Stretching, bending, and torsion has been 

accounted for, and a closed form element tangent stiffness matrix has been derived. The model has been verified in 

different problems by comparison with Nastran-in-CAD results. In all problems, the difference in the resulting 

deformations is less than 10%. The major advantage of the proposed approach is that the composite beam is modeled 

using 1D elements rather than 2D elements with laminated composite material as in the case of using regular finite 

element software packages. Hence, the proposed model is highly efficient specially when dealing with large structures 

made of flexible composite beams.  

Keywords: Flexible Composites; large deformation; geometric nonlinearity; finite elements. 
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Today the topical problem of material science is development of new antifriction coatings and technology of their 

applying on substrate. Methods of powder metallurgy are most promising ones to solve the problem due to 

considerable opportunities in selection of composition and designing of materials structure.  The new antifriction high-

density powder composite material has been developed. Copper reinforced by particles of ferro-aluminides and iron 

serve as a basis for the composite. Lead inclusions are solid lubricant. Optimization of powder dispersiveness, 

parameters of Fe-Al intermetallides synthesis by mechanical technique, method of powders homogenization, schemes 

and regimes of heat treatment and forming operations of powder mixtures have established a foundation for production 

of the composite. To obtain coatings with relative density of 0.99-1.00 it is advantageous to make direct rolling of 

powder charge on a substrate with total cobbing of 75-80%. It was established in the result of investigation of influence 

of pressure in forming operations and rolling regimes (rate and deformation ratio) on compacting of powder mixtures.  

Whereas, solid additives (ferroaluminides and iron) are reduced in size in 8-9 times and aligned in rows along rolling 

axis. Microstructure takes the fibrous form shown in Fig., submicron intermetallic particles - dark dots, reinforcing 

iron inclusions of stripe form, and lead elongated in thin plates are evenly distributed at a composite body.     

 
 

Fig. The sample composition (mass %) is 5 - Fe2Al5, 5 - Fe, 10 - Pb, Cu the balance. 

The Brinell hardness and friction torque of the developed composite are 980÷1000 MPa and 0.4 N•m, respectively.  

Keywords: antifriction coatings, reinforced composite, copper matrix, plain bearing, laminated structure 
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In a fusion reaction device like Tokamak, tungsten has been considered to be one of the promising materials for the 

plasma facing materials (PFMs). In addition, copper and its alloys are often used as the heat sink materials. However, 

because of the differences in coefficient of thermal expansions (CTE) and Young’s modulus, the joining of these two 

materials results in high residual and thermal stresses at the interface when exposed to high-heat loads. In order to 

overcome these drawbacks, functional graded W-Cu composite materials were used as an interlayer to relieve the 

thermal stress. Nevertheless, the distinct difference in physical properties between W and Cu, make different sintering 

shrinkage between W-Cu layers with different Cu content. Thus, it is still a challenging work to fabricate the W-Cu 

FGMs with wide compositional distribution and good properties. 

In experimental, Cu-coated W powders with different Cu contents and particle size were prepared by an electro less 

process. Functional graded W-Cu composite materials were obtained by lamination pressed the W-Cu powders, and 

subsequently wave sintering. Microstructure of W-Cu FGM samples were observed by scanning electron microscope 

(SEM). The elementary distribution of the samples was characterized by energy dispersive spectrum (EDS). Density, 

physical property and mechanical property of the samples were also investigated.  

The experiment results show that the W-Cu FGM samples which sintered at 1350˚C for 40 min reach relative density 

above 97%. The Cu element has a graded distribution in the thickness direction. The interfaces between layers bond 

well. Furthermore, the samples exhibit excellent physical and mechanical properties. The thermal conductivity of the 

samples reaches 210W•(m•K-1). The maximum bending strength and hardness is 1004 MPa and 346HV, respectively. 

Key words: W-Cu functionally gradient materials; Microwave sintering; Microstructure; Interface 
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The surface of micro-silica or nano-silica was modified with epoxy-modified silicone and their effect on the electrical 

breakdown strength was evaluated in epoxy/micro-/nano-silica composites (EMNC). Firstly, the surface of micro- or 

nano-silica was treated with hydroxy silane and then the hydroxy group of the silane was reacted with epoxy-modified 

silicone. And then the surface-treated micro- and nano-silica were mixed with epoxy resin and polyester-modified 

polydimethylsiloxane (PEM-PDMS) by using an ultrasonicator. Transmission electron microscope (TEM) was used 

to observe the even dispersion of nano-silica in an epoxy/micro-silica composite and it was found that the nanosilicas 

were well dispersed. Electrical breakdown strength of the epoxy/micro-silica (60 wt%)/nano-silica (1 phr)/PEM-

PDMS (0.5 phr) system was 60.0 kV/2 mm, which was 13.6% higher than that of epoxy/micro-silica (60 wt%)/PEM-

PDMS (0.5 phr) system, 52.8 kV/2 mm. And contact angle of neat epoxy was 77o, which was 132% higher than that 

of epoxy/micro-silica (60 wt%)/nano-silica (1 phr)/PEM-PDMS (0.5 phr) system, 101.6o. 

Keywords: Micro-silica, Nano-silica, Epoxy-modified silicone, Epoxy/micro-/nano-silica composite (EMNC), 

Electrical insulation breakdown strength 
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A new IoT- chemical vapor device was designed and performed to synthesize well separate in-plane CuO nanowires 

with a high level of crystallinity using a copper grid substrate, avoiding the appearance of catalytic contamination. We 

compare and contrast two types of with- and without- IoT, to identify their potential for monitoring the size effects of 

growth mechanism. Two-dimensional EDS mapping with a diffusion model was used to obtain the diffusion length 

and the activation energy ratio. The ratio value is close to 0.3~0.4, revealing that the growth of CuO nanowires was 

attributed to the short-circuit diffusion. Confocal Raman spectroscopy is a powerful tool for probing the phonon 

confinement effect in a single CuO nanowire. The confocal Raman spectrometry results confirm the expected 

outcome, that reducing of the diameter of a cylindrical cross-section of a single nanowire results in Raman frequency 

downshifts. The applicability of investigating the size effects of the quantum confinement of a single nanowire with 

IoT big data recording is possible because the in situ detections for CVD enviroments are relatively straightforward 

and the reproduced well separated CuO nanowires can be obtained accoring big data analysis. 
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The Ce-stabilized tetragonal zirconia polycrystals (Ce-TZP) nanostructured zirconia/alumina composite (Ce-

TZP/Al2O3) is composed of 10 mol% cerium dioxide (CeO2) stabilized TZP as a matrix and 30 vol% of Al2O3 as a 

second phase. Ce-TZP/Al2O3 exhibits greater flexural strength and fracture toughness than yttria-stabilized tetragonal 

zirconia polycrystals (3Y-TZP), and it is completely resistant to low temperature aging degradation, indicating its 

suitability for use in dental implants. [1,2] The acquisition of soft tissue seal plays a critical role in long-term success 

of dental implants. The periodontal attachment to Ce-TZP/Al2O3 implant surface treatments such as machined and 

mirror finishing have been a topic of particular interest in this respect. Considering the existing controversy regarding 

soft tissue behavior in contact with Ce-TZP/Al2O3 implant surfaces, this study aimed to assess the attachment, 

proliferation, morphology and extracellular matrix (ECM) synthesis of human gingival fibroblasts (HGFs) on different 

Ce-TZP/Al2O3 abutment surfaces.  

In this in vitro, experimental study, HGFs were cultured on discs (machined titanium, machined and mirror polished 

zirconia). Cell viability, proliferation rate, morphology and ECM and proinflammatory cytokine synthesis were 

assessed by tetrazolium salt-based colorimetry (WST-1) assay, scanning electron microscopy (SEM), real-time 

polymerase chain reaction (PCR), and multiplex cytokine immunoassay system, respectively. Data were analyzed 

using ANOVA and Post Hoc test. Fibroblast initial attachment after 24h cultivation was markedly higher in both 

zirconia groups than that in titanium group. Proliferation rate on machined zirconia groups showed the greatest activity 

among three groups in 3days after seeding. In contrast to the typical spindle-shaped cells on the machined titanium 

surfaces, both zirconia surfaces had small circular/angular cells containing contractile ring-like structures and 

elongated, multi-shaped cells with a developed cytoskeletal network. Ce-TZP/Al2O3 surfaces were found to produce 

dermal-related ECM synthesis at both the protein and gene levels, without proinflammatory cytokine synthesis. Within 

the limitations of this study, HGFs on machined Ce-TZP/Al2O3 surfaces had a more mature morphology and greater 

proliferation and differentiation as compared to those on mirror polished zirconia and machined titanium surfaces. 

This indicates better attachment of these cells to machined Ce-TZP/Al2O3 surfaces, creating a more efficient soft tissue 

seal around dental implants.  

Keywords: Ce-TZP/Al2O3, Gingival fibroblast, Zirconia implant 
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Magnetite Nanoparticles Compounded Silica@Carbon Dots: Synthesis and 

Fluorescence Sensing of Fluoride Ions 

An efficient, reusable and double fluorophore complexed magnetic fluoride nanoparticle has been designed with a 

chemical recognition receptor in charge of the exchange of fluorescent substance and F- ions. Organosilane-

functionalized carbon dots (SiCDs) are immobilized in outer mesoporous silica (mSiO2) which is coated on the Fe3O4 

core protected by an amorphous silica layer, and then compound as a fluorescent superparamagnetic nano-core 

(Fe3O4@SiO2@mSiO2-SiCDs) with a maximum excitation wavelength of 525 nm. A fluorescent fluoride probe 

composed of pure carbon quantum dots (pCDs) with a maximum excitation wavelength of 450 nm and Lanthanum 

coordinated diethylenetriaminepentaacetic acid (DTPA)-modified fluorescent core (Fe3O4@SiO2@mSiO2-

SiCDs@DTPA−La+, FSMN) has been realized. The probe could act as a concentration indicator since F- ions are 

absorbed through the exchange reaction between the pCDs and fluoride ions. This method is extremely sensitive, fast, 

and selective for fluoride ions and could monitor the real-time concentration of nanoparticles in aqueous solution. The 

minimum detection limit of fluoride is 50 nM and the removal efficiency is higher than 96% when utilized in tap 

water. Excellent mesoporous and superparamagnetic properties of the receptor are advantageous for the removal and 

quantification of fluoride ions. Because of the high sensitive, reusable and biocompatible nature, FSMN-pCDs shows 

great potential to serve as fluorescent sensor for intracellular detection of fluoride and in drug delivery system. 

 
 

Figure 1 Nanostructure of Fe3O4@SiO2@mSiO2-SiCDs@DTPA−La+: (a, b, d) Low magnitude TEM images, (c) HRTEM images of 

SiCDs, (e-f) HRTEM images of immobilized SiCDs in outer mesoporous silica coat, (g-k) SEDS images show the distribution of Fe, Si, C, 

La elements.  
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Figure 2 Fluorescence spectra of pCDs, Fe3O4@SiO2@mSiO2-SiCDs@DTPA−La3+, and Fe3O4@SiO2@mSiO2-SiCDs@DTPA−La3+-pCDs 

with gradual addition of F- ions in Millipore water. 
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Due to the outstanding physical properties, polyurethanes (PU) have been widely used in the various fields for coating, 

fiber, insulation, cushioning, and adhesives. Usually, the PU elastomers are synthesized by the  reaction of isocyanate 

(N=C=O) terminated PU prepolymers and cross linking agent. In the application of PU system, moisture sensitivity 

of isocyanates is one of difficulities due to the high reacticity of N=C=O with moisture, resulting in undesirable 

product through the irreversible urea forming side reaction. And storage stability of PU prepolymers also could be 

negatively affected by moisture in the environments.    

To overcome these drawbacks of conventional PU systems, non-isocyante PU (NIPU) system based on the end-

capping of PU prepolymers with glycerol carbonate (GC) and curing by the reaction of cyclic carbonate and amine 

was developed. The capping of N=C=O groups with GC alleviate the moisture sensitivity and improve the storage 

stabilities of PU systems. [1-3]  

 Furthermore, hydrogen bonds in NIPU are largely increased compared with the conventional PUs due to the OH 

groups generated through the ring opening of cyclic carbonate by amines during the cure. The enhanced H-bonding 

in NIPU impart self-healable properties against damages such as micro-crack and cut in NIPU. The self-healing ability 

of NIPU is expected to extend the lifetime of NIPUs as well as extend the application of PUs in various fields. [4-5]  

Keywords: Non-isocyanate polyurethane, Hydroxyl urethane, Hydrogen bonding, Self healing 
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As prepared SiC/Carbon nanofiber composite (SiCNC) has superior thermal properties. SiCNC is prepared by 

electrospinning with the mixed solution of polyacrylonitrile (PAN) and tetraethyl orthosilicate (TEOS) and thereafter 

carbonization of electrospun fibers under N2 flow. For an application to thermal barrier materials, thermal stability 

and conductivity of SiCNC were investigated depending on annealing time. In-plane thermal conductivity of SiCNC 

showed higher value with increasing of annealing time. Especially, SiCNC which was annealed for 10 hours at 1400°C 

has the highest thermal conductivity (0.674 W/m·K) and thermal stability, which is confirmed by thermal 

decomposing rate of materials calculated from TGA result (RTD =1.883%/min). Whereas, annealing time of SiCNC 

are not correlated with through-plane thermal conductivity. We suggest intensively one-pot preparation of SiCNC 

with economic feasibility through its systematic comparison for the thermal properties enhancement. Furthermore, 

formation mechanism of SiCNC is discussed. 

Keywords: Silicon carbide, Carbon nanofiber, thermal conductivity, electrospinning 
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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, especially multiferroic heterostructures 

[1,2], composed of ferromagnetic (FM) and ferroelectric (FE) materials, provide an important way for manipulation 

of magnetism via electric fields, which is essential for the new generation information storage technology. 

We have carried out electric-field control of magnetism in different FM/FE heterostructures in our previous work [3]. 

Recently, We study the angular dependence of electric-field-controlled exchange bias and magnetization reversal in 

CoFeB/IrMn/Pb(Mg1/3Nb2/3)0.7Ti0.3O3 [4], showing the control of exchange bias by electric fields, and electric-field-

controlled magnetization reversal was realized at zero magnetic field. We also studied electric-field control of 

magnetism in multiferroic heterostructures composed of CoFeB and (1-x)Pb(Mg1/3Nb2/3)O3-xPbTiO3 (PMN-xPT) 

with different ferroelectric phases via changing composition and temperature [4], demonstrating the coupling between 

magnetism and ferroelectric domains including macro and microdomains for different ferroelectric phases. We then 

studied electric-field control of magnetism in CoFeB/PMN-PT at the mesoscale using spatially-resolved techniques 

including scanning Kerr microscopy and scanning electron microscopy with polarization analysis with in situ electric 

fields [4], and revealed the domain-switching controlled magnetism, providing a path for designing magnetoelectric 

devices through domain engineering. Our work demonstrates the interesting new physics and potential applications 

of electric-field control of magnetism in the FM/FE multiferroic heterostructures and should be significant for 

spintronics. 
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This paper summaries a portion of an experimental work conducted by the authors, in which piezoelectric properties 

of urethane composites with MWNT and piezoelectric materials were investigated [1]. The piezoelectric performances 

of composites composed of various types of piezoelectric materials, urethanes and multi-wall carbon nanotubes 

(MWNT) at various ratios were studied under different loading conditions. The foot stamping test results revealed that 

urethane composites embedded PZT nanopowder generated 0.4~0.6 V higher output voltages than those of ZnO and 

BaTiO3. A positive correlation between the piezoelectric material content and the output voltage was observed. The 

incorporation of MWNT reduced the noise of the output voltage. Details of the test results will be presented. 
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One of a wide-bandgap semiconductor, Zinc oxide (ZnO) has a near ultraviolet bandgap (3.37 eV) and an exciton 

binding energy of 60 meV at room temperature (RT), and has several favorable properties, such as high electron 

mobility, high oscillator strength, and good transparency. In the spectra of Hydrothermally synthesized ZnO 

nanoparticles showed an excitation dependent photoluminescence (PL): a strong yellow emission by excitation 

wavelength of 300-350 nm and violet-blue light emissions centered at 410, 435, and 465 nm at the excitation 

wavelength longer than 380 nm. From the pholtoluminescence excitation (PLE), it is confirmed that yellow emission 

and violet-blue emission correlated to Zn interstitial (Zni located in the conduction band)-oxygen vacancy (VO) pair 

and the transition between Zni (located below conduction band) to Zn vacancy (VZn) respectively. After attaching 

graphene to ZnO, PL was not dependent on the excitation wavelength. Yellow emission completely disappeared 

whereas the intensity of blue emission was greatly increased by 10 times and quantum efficiency was measured as 

much as 92%. Based on ZnO NPs and ZnO-graphene hybrid quantum dots, the origin of visible range emissions long-

standing controversy in ZnO academia was clearly revealed and controlled.  
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Hydrogen embrittlement is a mechanism which degrades the mechanical properties of metals and metallic alloys [1,2]. 

It is well-known that as the strength of materials increases, it becomes more vulnerable to hydrogen embrittlement 

because of the high diffusibility of hydrogen in the lattice [3,4]. Twinning induced plasticity (TWIP) steel is one of 

the new game changing materials which shows extraordinary strength levels with significant ductility [5,6]. Therefore, 

understanding the hydrogen embrittlement susceptibility of TWIP steels under different microstructural and 

environmental conditions is of utmost importance in order use these materials in any kind of applications such as 

automotive, aviation, or energy related applications without sacrificing from safety [7]. 

In the current study, several tensile tests were conducted to hydrogen-charged and hydrogen-uncharged specimens in 

order to observe the hydrogen embrittlement susceptibility of TWIP steels under different strain rates from 1×10 -3 to 

1×10-5 s-1 at room temperature. Hydrogen charging was carried out at high temperature (353 K), and high pressure to 

increase the hydrogen diffusibility and to diffuse the hydrogen homogenously inside the microstructure for 1 week, 

which satisfies the homogeneity of hydrogen distribution in material according to √DT method. Strain rates were 

selected low enough to allow hydrogen to interact with moving dislocations and promote hydrogen embrittlement 

[8,9]. Microstructural investigations were carried out by electron-backscattered diffractometry (EBSD), scanning 

electron microscope (SEM), transmission electron microscope (TEM) and in-situ SEM. 

In this study, we demonstrate that hydrogen embrittlement is much more pronounced at low strain rates. In particular, 

ductility was reduced by 15% at high strain rate whereas it was reduced by 40% at low strain rate. Moreover, hydrogen 

charging enhances microstructural interactions such as slip lines, twin formation, slip-twin interactions at both low & 

moderate strain values and high strain values based on in-situ SEM observations. It also decreases the twin thickness, 

which contributes further hardening, but it does not change the dislocation mobility based on TEM observations. 

Furthermore, hydrogen charging changes the fracture mode from ductile to quasi-cleavage. Quasi-cleavage facets 

sharpen as the strain rate decreases. One of the most significant outcomes of this work is a new hydrogen embrittlement 

mechanism proposed which proves the segregation of hydrogen on twin boundaries unlike previous studies. 

Specifically, slip lines distort the twin boundaries and create a trap sites for hydrogen. Overall, this study sheds light 

on the effect of strain rate on hydrogen embrittlement susceptibility of high-strength steels.  
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Much attention has been paid toward synthesis and characterization of one dimensional nanostructure mainly due to 

their unique magnetic, electronic and optical properties and their potential applications in different fields including 

magnetic, electronic and optical devices. CdSe nanorods array were prepared using impregnation in porous anodic 

aluminum oxide. CdSe is one of the II–IV semiconductors and because of high photosensitivity it has been widely 

used in photoconductive devices. Photothermal deflection technique (PTD) is used to determine thermal conductivity 

and diffusivity. It deduced from the photothermal deflection measurements by comparing experimental amplitude of 

the photothermal signal to the corresponding theoretical one. In this work we study the influence of thermal annealing 

from 150 0C to 400 0C on thermal properties. The morphology characterization studied by scanning electron 

microscopy (SEM), has been shown that the grain size of nanocrystallin growth with thermal annealing. It was 

observed an increase in CdSe NCs size from 2.22 to 2.56 nm when the average pores diameter of PAA increase from 

30 to 180 nm. Thermal conductivity increase with thermal annealing from 10,5 Wm-1K -1 to 25 Wm-1K -1 . 
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Various metal powders were mixed with single walled carbon nanotubes (SWCNT) by mechanical ball milling process 

and followed by spark plasma sintering (SPS) processes. Small amount of SWCNT additions (0.1 and 1 vol%) were 

well dispersed onto the pure aluminum (Al), 5052 Al alloy, pure titanium (Ti), Ti6Al4Vanadium alloy, pure copper 

(Cu), and stainless steel 316L (SUS316L). Each composite powders were SPSed at 600 oC, 50MPa and 5min. and the 

SPSed composites were well synthesized regardless of the matrices. Vickers hardness of the composite materials were 

measured and they exhibited higher values regardless of the SWCNT composition than those of the pure materials. 

The SWCNT reinforced Cu matrix composites showed highest strengthening comparing with the other metal matrices 

system. The SWCNT-reinforced various metal matrices composite materials could be offered as an engineering 

materials in many kind of industrial fields such as aviation, transportation and electro technologies etc. However, 

detail strengthening mechanism should be carefully investigated. However, we believe that powder metallugical 

processes are useful tool for fabricating of the SWCNT-reinforced metal matrix composite materials. 

Keywords: single walled carbon nanotubes (SWCNT); Metal Matrix Composites (MMC); spark plasma sintering 

(SPS), Mechanical property, Vickers hardness 
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The Barium Titanate (BaTiO3, BT) was modified by solid phase reaction with different mass ratio mixture of niobium 

pentoxide (Nb2O5) and cobalt tetraoxide (Co3O4) as dopants, then the functionalized BaTiO3 (BTNC) containing 

niobium (Ni) and cobalt (Go) on its surface was obtained. The BTNC/epoxy resin (BTNC/EPR) polymer-based 

composites with different composition and concentration of BTNC particles were fabricated via a simple physical 

mixing and subsequently hot-press processing. The surface morphology of BTNC and BTNC/EPR composites, 

respectively, were characterized by scanning electron microscopy (SEM). At the same time, the elemental composition 

on surface of BTNC was analyzed by energy dispersive spectrometer (EDS). The effects of constituent and doping 

amount of BTNC on dielectric properties of BTNC/EPR composites were investigated. The results show that there 

are Ni and Go elements on the surface of BTNC. When the BTNC is obtained with mass ratio of Nb2O5/Co3O4 is 

4.5/1, as well as the total content of Nb2O5 and Co3O4 mixture is 1.0 wt%, the BTNC/EPR composite exhibit the best 

dielectric properties. The dielectric permittivity of BTNC/EPR composite with 80 wt% BTNC content is 75.8 on 

100Hz, which is increased about 30 than BT/EPR composite at the same content of BT. 

Key Words: Functionalized Barium Titanate; Dopant; Epoxy resin; Composite; Dielectric property 
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This research presents the chemical, physical, and mechanical characteristics of advanced composite sheets made of 

carbon fiber reinforced polymer (CFRP) when subjected to sulfuric acid (H2SO4). Test coupons are submerged in a 

5% H2SO4
 solution for up to 6 weeks, and their responses are measured by Fourier transform infrared spectroscopy, 

thermogravimetric analysis, dynamic mechanical analysis, and destructive mechanical loading. Also examined are the 

pH variation of the solution and the microscopic surface textures of the specimens with an increase in exposure time. 

The aliphatic amine and alkane functional groups of the CFRP are activated by sulfuric acid, including chain scission 

reactions that cause interfacial deterioration between the carbon fibers and resin. The acid exposure decreases the 

energy storage and dissipation capacities of the CFRP, as well as its glass transition temperature. The chemically-

induced damage in the fiber-resin interface is responsible for lowering the load-carrying capacity of the CFRP, along 

with strain-softening. An analytical model is developed based on a Weibull distribution, which quantifies the degree 

of reliability and hazard associated with acid-damaged CFRP. An environmental reduction factor is calibrated and 

proposed for CFRP-strengthening in chemical plants and wastewater treatment plants. 

Keywords: chloride penetration; high performance concrete; internal curing; superabsorbent polymer 
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A series of substituted Indazole having good electron withdrawing group affinities, were synthesized and tested for 

their in vitro antibacterial and antifungal activities. Quantitative Structure activity relationship was performed on a 

series of known substituted Indazole derivatives as antimicrobial agents. This study was performed on compounds 

having Indazole ring substituted moieties to find out the structural requirements for antimicrobial activity. Principal 

component regression, combined with stepwise forward-backward variable selection method resulted with r2, q2 and 

pred_r2 values of 0.85, 0.70 and 0.75 respectively. The validation of models was performed through the leave-one-out 

cross technique in conjunction with external validation. The results thus obtained may provide useful substitution 

patterns on the hexahydroindazole skeleton and may also help to design more potent compounds. Quantitative 

Structure Activity Relationship (QSAR) investigations indicated that the QSAR model was effective in describing the 

antimicrobial (antibacterial and antifungal) activity. 

Keywords: QSAR;  PCR, Indazoles ;  Antimicrobial compounds .  
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Advance functional materials have attracted much attention as a next generation of textile fibres. The fibres 

functionality depends on end-use and covers wide range of applications. Luminous material is one of the functional 

materials in which rare earth minerals with luminescent properties are added in proper proportion to get desired 

luminescence. This type of material can be used to produce novel functional fibres also known as Luminescent Fibres. 

It is a fibre/filament which can emit its own light. Luminescent fibres have wide range of applications in textile like 

curtains, panels, fixed structures, decorative clothes, light-emitting slippers, light plush toys, knitting products, 

embroidery products etc. It also has various applications in technical textiles for fire-fighting personals and military 

personals. 

In the present work, PET luminescent fibres/filaments have been prepared by using rare-earth strontium aluminates, 

the main source of light emission Eu2+,Dy3+ were added as the luminescent material, fibre- forming polymer PET as 

the matrix by the process of melt spinning.                                                                                                                          

The structure, composition and properties of luminescent material and fibres/filaments have been done by SEM, XRD, 

DSC and persistence glowing effect. 

Key words: Decorative, Functional Fibres, Luminescence, Light-emitting, Melt-Spinning 

Acceptance ID: 67FG-O 

  



 

 84 

 Preparation and Characterization of Fatty Acid Eutectic/Diatomite Filter Aid 
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Form-stable phase change materials (PCMs) are a kind of thermal  functional composites which can be applied in the 

latent heat thermal energy storage and prevent the flow and leakage of solid-liquid PCM. In this study, capric-lauric 

fatty acid (CA-LA)/diatomite filter aid form-stable PCM was prepared by vacuum impregnation method and its 

characteristics such as microstructure, thermo-physical properties, thermal stability were investigated by scanning 

electron microscopy (SEM), Fourier-transform infrared (FT-IR), Differential scanning calorimetry (DSC) and 

Thermogravimetric (TG) technique. The adsorption capacity of diatomite filter aid to CA-LA eutectic was 49wt%, 

and the composite PCM kept solid in macro-level even when the CA-LA melted due to the capillary and surface 

tension forces of diatomite filter aid. DSC analysis showed that phase change temperature and latent heat of the form-

stable PCM was 21.8℃ and 75.45 J/g respectively. Mass loss temperature range of CA-LA in the composite was 

prolonged to 120~233℃ compare to that of the pure CA-LA eutectic in range of 120-195℃ though TG analysis. It 

indicated that the diatomite filter aid particles absorbed and constrained the CA-LA molecules in the pores and 

confirmed the form-stable property of the composite. After 100 times thermal cycling, the phase change temperature 

and latent heat of the form-stable PCM respectively decreased by 0.9% and 1.1%, which can be neglectable in the 

practical engineering application. Moreover, the heating/cooling test revealed that the form-stable PCM can absorb 

and release latent heat to adjust the environmental temperature in a certain period of time. Thus, it can be concluded 

that the prepared CA-LA/diatomite filter aid form-stable PCM is a promising thermal storage composite with the 

proper phase change temperature, good thermal capacity, thermal stability and reliability, and effective temperature 

regulation function to be applies in the building energy conservation and low temperature heat storage applications. 

Keywords: Form-stable phase change material; Diatomite filter aid; Fatty acid eutectic; Thermal storage; Energy 

saving 
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The hybrid metal-organic frameworks (MOFs) that combine both merits of inorganic and organic materials represent 

a new family of multifunctional materials. In this talk, we report the multiferroics (coexistence of magnetic order and 

ferroelectricity) and magnetoelectric effects in a series of MOFs with a perovskite structure. Single-crystal samples of 

MOFs were prepared by solvothermal methods. These MOFs show a magnetic ordering between 5-20 K, depending 

on the magnetic ions (Cu2+, Mn2+, Co2+ or Fe2+). Meanwhile, they also exhibit a ferroelectric transition between 160-

270 K. Both direct (magnetic field control of electric polarization) and converse (electric field control of 

magnetization) magnetoelectric effects have been observed in these MOFs. Especially, the Fe-based MOF exhibits 

the most interesting behaviors, such as resonant quantum tunneling of magnetization, electric control of magnetism, 

and resonant quantum ME effect. The possible origin of the multiferroics and magnetoelectric effects is discussed in 

terms of the role of hydrogen bonding and magnetoelastic coupling. 
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With its extraordinary properties as the strongest and stiffest material ever measured and the best-known electrical 

conductor, graphene could have promising applications in many fields, especially in the area of nanocomposites. 

However, processing graphene-based nanocomposites is very difficult. So far, graphene-based nanocomposites exhibit 

rather poor properties. Nacre, the gold standard for biomimicry, provides an excellent example and guidelines for 

assembling two-dimensional nanosheets into high performance nanocomposites. The inspiration from nacre 

overcomes the bottleneck of traditional approaches for constructing nanocomposites, such as poor dispersion, low 

loading, and weak interface interactions. Herein, we summarizes recent research on graphene-based artificial nacre 

nanocomposites,[1-6] and focuses on the design of interface interactions and synergistic effects for constructing high 

performance nanocomposites.  
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It is well known that Mn+1AXn (MAX) phases (over 60+ phases), where n =1,2,3; M is an Early Transitional Metal, A 

is a Group A element (mostly groups 13 and 14); and X is C and/or N, are novel nanolaminate ternary carbides and 

nitrides (space group P63/mmc) bestowed with excellent properties like damage tolerance, thermal shock resistance 

and machinability [1-4].  However these solids do not have a ternary composition where X = B. Recently, Ade et al. 

[5] had successfully synthesized single crystals of Cr2AlB2(CrB2)x (x = 0, 1, 2), M2AlB2 (M = Cr, Mn, Fe), and MAlB 

(M = Mo, W), and due to their similarity with MAX Phases classified these novel ternary solids as “MAB-phases”. 

Kota el al. [6] reported dense and predominantly single-phase MoAlB by using a reactive hot pressing method. High 

temperature studies also indicated that the compound is stable to at least 1400 °C in inert atmospheres and had 

moderately low Vickers hardness values of (10.6 ± 0.3) GPa compared to other transition metal borides. In this paper, 

we will report novel structural composites by using MAB Phases a multifunctional functional constituent. There has 

been very limited or no studies on these novel composite systems. 
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Self-healing is one of the critical functions required of smart concretes. Shape memory alloys (SMAs) offer two unique 

effects such as shape memory effects and superelastic effects, unlike other structural metals. Upon fabricating 

composites composed of SMA wires and conventional cements, the designed composites allow for overcoming the 

mechanical weaknesses encountered in conventional concretes which are associated with tensile fractures. Under 

specialized environments, the material interface between the cementitious component and SMA materials plays an 

important role in achieving the robustness of the SMA/cement interface, leading to the enhancement in mechanical 

performance. Traditionally, the material interface is evaluated in terms of mechanical aspects, i.e., using a strain-stress 

characteristic feature. However, the current work attempts simultaneous characterization involving mechanical load-

displacement relations synchronized with impedance spectroscopy as a function of displacement. Frequency-

dependent impedance spectroscopy is tested as an in-situ monitoring tool on structural variations encountered in smart 

composites composed of non-conducting cementitious materials and conducting metals. 
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Current fabrication methods of nanoporous gold mainly rely on dealloying typical Ag65Au35 binary alloy precursor 

with the ‘dealloying threshold or parting limt’ more than 55%. Here we report a simple chemical dealloying process, 

through selective dissolution of single element from an Au-based ternary bulk metallic glass with low ‘parting limit’, 

for generating three-dimensional free-standing nanoporous metal (NPM) with high specific surface area and large 

overall thickness of the nanoporous structure. Our finding provides insights for understanding the underlying 

relationship between ‘low parting limit’ and atomic level structure of metallic glass. A comprehensive picture on the 

porosity evolution stages and the correlation between the ‘cone shape protrusion’ generation and potential energy 

landscape are illustrated. Additionally, this nanoporous structure was also duplicated through dealloying Pd based 

ternary intermetallic, however, which was correlated with bulk diffusion theory that dealloyed morphology consisting 

of “void-dendrites” structure penetrating into the solid. 
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The main objective of the present work is the preparation and characterization of innovative photo-curable resins 

modified with in situ generated silver nanoparticles and their use as raw materials for additive manufacturing 

technologies. 

Photo-curable acrylic resins were formulated with different type and amount of silver salts for use in additive 

manufacturing technologies such as stereolitography (SLA) and digital light printing (DLP). Silver nanoparticles were 

in situ generated within the organic matrix during the photo-curing process by exploiting the tendency to reduction of 

silver ions to metallic silver under UV irradiation [1]. The obtained nanoparticle-filled composites were characterized 

in term of gel content and thermo-mechanical properties as well as electrical conductivity and antibacterial properties. 

Keywords: Photo-curable resins, silver nanoparticles, additive manufacturing 

[1] NAZAR, R., RONCHETTI, S., ROPPOLO, I., SANGERMANO, M., BONGIOVANNI, R.M. 2015. In situ synthesis of 

polymer embedded silver nanoparticles via photopolymerization. Macromolecular Materials and Engineering, 300, 226-

233. 

 

Acceptance ID: 78KD-P 

  



 

 91 

COMPARITIVE STUDIES ON ADSORPTION OF DYE AND HEAVY METAL 

IONS FROM EFFLUENTS USING ECOFRIENDLY ADSORBENT 

This paper describes to implement the kinetic model for adsorption of Malachite Green and heavy metal ions Cu (II) 

and Ni (II) from effluents using activated carbon prepared by chemical activation with phosphoric acid from 

Chrysopogon zizanioides roots (PCRAC). Supporting to this, results from Scanning Electron Microscopic (SEM) and 

Transmission Electron Microscopy (TEM) for PCRAC showed that the presence of heterogeneous and porous 

morphology on the surface of adsorbent indicated effective adsorption of dye and metal ions. Interestingly the 

maximum adsorption of both Cu(II) and Ni(II) ions was observed at 30°C and at PH 6.6. From the kinetic studies, 

pseudo-second order kinetics was best suited for Malachite Green-PCRAC and PCRAC-metal ions system than 

Pseudo - first order kinetics. Equilibrium data for both the heavy metal ions and dye are satisfactorily fitted with 

Freundlich isotherm model than Langmuir isotherm, Elovich and intraparticle model.  

 

Key words: PCRAC, (SEM), (TEM), MG and heavy metal ions, Langmuir and Freundlich isotherm models. 
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Within the last twenty years, MOFs have emerged as a new kind of promising porous materials in the areas of gas 

sorption and separation, catalysis, drug delivery, and molecule sensing. Meanwhile, nanomaterial also has attracted 

wide attention recent years. Owing to the porous structure of MOFs, we can combine nanoparticles with MOFs to get 

nanoparticle/MOF composites, which possess the advantages of both parent materials. In this work, there are mainly 

two methods to introduce nanoparticles into MOFs: employing MOFs as templates to hold gust nanoparticles in their 

channels or encapsulation of prey-synthesized nanoparticles. The former includes chemical vapor deposition 

technique, solid grinding technique, liquid impregnation method and double solvent method, the latter refers to some 

new techniques like self-sacrificing template technique. Here, we will also carefully give a review about their 

applications in hydrogen storage, ammonia adsorption, acidic gas adsorption, catalysis and energy storage area. 
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Enhancement and shaping of the magnetoimpedance (MI) response have attracted enormous attention due to potential 

technological applications, for instance, weak magnetic-field sensing, recording heads, and smart materials. Large MI 

can be observed in various materials, however, nearly-zero magnetostriction amorphous microwires show the best 

conditions for this effect in terms of controlling the sensitivity and the shape of MI characteristics [1]. In low 

magnetostrictive amorphous materials such as Co-based alloys, the effective anisotropy of a certain type can be 

induced using an appropriate heat treatment [2,4]. Typically, heat treatment is used to enhance a circumferential 

anisotropy. However, for many MI applications such as microwave stress-sensitive MI for smart materials a specific 

helical anisotropy is required.  In this work we propose a dc current heat treatment of a Co-based microwire with small 

positive magnetostriction to induce a helical anisotropy with a controlled angle between the wire axis and the easy 

anisotropy direction. The heat treatment in our work was carried out during dc current of varying amplitude (30-55 

mA) passing for a certain period of time. The hysteresis loop was transferred from a bistable type typical for axial 

anisotropy to inclined one which is consistent with the helical anisotropy. Additionally, the MI measurements 

confirmed the change. To understand the effect of current outflow in the wire under study, we propose the occurrence 

of some kind of annealing resulting from joule heating in a circular magnetic field generated by the current. In contrast 

to previously published related works which were aimed at refining circumferential anisotropy in negative 

magnetostrictive wires, we report the possibility to control the angle of the helical anisotropy in wires which in as-

prepared state have an axial anisotropy. Furthermore, a theoretical model was proposed to describe the anisotropy and 

MI changes.  

Kew words: Magnetoimpedance, anisotropy tailoring, helical anisotropy, current annealing  
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DNA-gold nanoparticle conjugates (DNA-AuNPs) have been employed in various applications such as building 

blocks for nano-architecture, drug carriers for intercellular delivery, and multifunctional probes for biological target 

detection, based on their selective and sensitive binding properties. For this reason, controlling binding properties of 

DNA-AuNPs is one of the most significant subjects to achieve the aforementioned goals. Typically, construction of 

bicomponent layers employing non-functional chemicals, i.e. diluents, is widely devised, but further systematic 

examination of nanoparticle-conjugation conditions needs to be thoroughly carried out. 

In this presentation, we investigate complicated interfacial interactions of non-functional diluent ligands, and 

eventually control overall conjugation of ligands to core nanoparticles. In particular, we demonstrate what exactly 

controls the construction of the bicomponent layers on the nanoparticle surfaces, and how the overall binding 

properties of the nanoparticles can be controlled, providing strong and general guidelines to effectively design 

nanoprobes for catalytically enhanced sensing applications. We also evaluated that polycytosine requires a careful 

handling when employed as a diluent on account of the possibility of i-motif formation. 

Keywords: nanoparticle, DNA, diluent, binding properties, surface chemistry 
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Maximization of active surface area and porosity is of importance for enhancement of gas sensing performances, since 

the sensing reactions of analyte gases occur on the surface of metal oxides. In this work, a hierarchical porous WO3 

microspheres with nanothorns, which have highly improved surface area and porosity compared with dense WO3 

microspheres, were synthesized with spray pyrolysis and post heat-treatment. The hierarchical porous WO3 

microspheres consist of small WO3 nanospheres, in which each nanospheres also consist of small WO3 nanoparticles, 

and one dimensional (1D) nanothorns exist on the WO3 microspheres. This unique morphology is attributed to 

excessive concentration of block co-polymer during spray pyrolysis in inert gas (N2). As a result, multiple pores of 

meso- and macro-scale were loaded within WO3 microspheres, which could facilitate easy gas penetration and 

diffusion. Each mesopores are located between small nanoparticles, on the other hand the macropores are located 

between nanospheres within large microspheres. Furthermore, the reactive surface area is highly enhanced owing to 

the 1D nanothorns at the surface of microspheres. In addition, we functionalized the hierarchical porous WO3 

microspheres with Pt catalyst during spray pyrolysis process. The Pt catalytic functionalization showed vastly 

improved sensing capability with superior acetone selectivity from the investigation of gas sensing characteristics in 

high humid atmospheres (90% RH), which is similar to exhaled human breath condition. Therefore this work 

demonstrates a facile synthesis of hierarchical porous WO3 microspheres with 1D nanothorns using spray pyrolysis, 

and exhibits a significant potential for diagnosis of diseases by analyzing the exhaled breath. 
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With the exponential growth of electronic devices, electromagnetic pollution has become a major concern for human 

beings. Therefore, microwave absorption materials are highly demanded to eliminate unwanted radiation in both 

civilian and military fields. (Wei et al., 2015, Chen et al., 2014) Furthermore, in aerospace engineering, a high-

performance microwave absorber is also essential for the stealth technology. (Liu and Huang, 2013) Here, we present 

a facile synthesis of the Graphene/MWNTs/PBO composite. To promote the integration of nanoparticles and PBO 

matrix, acid-modified MWNTs and Graphene Oxide (GO) were functionalized to constitute better bonding with the 

amino groups in PBO via SOCl2. Then, functionalized MWNTs and GO were mixed together via ultrasonication to 

obtain the GO/MWNTs network. It is expected that the long one-dimensional MWNTs can bridge adjacent two-

dimensional GO platelets and inhibit their aggregation, resulting in remarkable synergetic effects on the enhanced 

microwave absorption properties. (Singh et al., 2012)  
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 Colon cancer is the third deadliest cancer that is affecting the United States population in both occurrence and fatality 

rate. The current method of identifying colon cancer initially relies on optical screening for polyp samples and then 

subsequent tissue evaluation. However, due to the highly invasive nature of the clinical methods, unwanted side effects 

may happen due to human errors in the medical field. Therefore, a new primary diagnostic tool are in high demand. 

In this study, a transistor based bio-sensor capable of transforming a biological signal into an electrical signal for data 

identification is proposed. The bio-sensor in question is a dual-gate field-effect transistor (DGFET) which is capable 

of quantitatively identifying the colon cancer specific biomarker in a clinical sample.[1] The hardships that plague 

clinical application of field-effect transistors, such as the Debye length limit and the noise from the background ionic 

influence from clinical samples, have been minimized through our sensing platform. Without the need to change the 

background media from a highly complex solution to a more commonly utilized media such as PBS, we were able 

measure biomarker concentrations in physiological media. 

Through rigorous testing, the limit of detection has been recorded to be substantial, being able to identify the biomarker 

concentration in a clinical sample even at the femto-molar level. 
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Atomi/nano-scale structured titanium materials with high strength and excellent 

ductility 

 

Powder metallurgy process was applied to fabricate atomi/nano-scale structured titanium (Ti) materials having high 

tensile strength (over 1200MPa) and excellent ductility (20% or more) at ambient temperature. Oxide (X-O) particles 

were mixed with pure Ti powder, and the elemental mixture powder was consolidated by solid-state sintering process. 

Oxide particles were completely dissolved and decomposed during sintering. Both oxygen and metal (X) atoms were 

uniformly solute into α/β-Ti crystals, and resulted in the remarkable increment of strength of Ti sintered materials 

by solid solution strengthening effect. In addition, the solute drag effect at the grain boundaries was also effective to 

obstruct the grain growth, and resulted in tensile strength improvement of Ti materials. In this presentation, the typical 

examples in use of TiO2 and ZrO2 particles as additive elements will be introduced to explain the microstructural and 

mechanical properties of Ti sintered materials. 
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Polymer Nanocomposites employing carbon based nanofiller have been utilized to develop high strength materials for 

structural applications. In the present work, graphene oxide is used as a nano filler to fabricate PVA-GO 

nanocomposite. It exhibits a large aspect ratio, low density and high flexibility. The challenge in the current scenario 

is to achieve significant improvement in interfacial adhesion between polymer matrix and nanofiller. In this study, a 

simple and biocompatible approach to synthesize graphene oxide-reinforced poly (vinyl alcohol) (PVA) composite 

films has been developed. The preparation of PVA and Graphene Oxide nanocomposite were carried out using solution 

casting method by using deionized water as a solvent followed by ultrasonication & to make homogeneous dispersion 

of nanofiller. The composite samples were prepared using various wt% of graphene oxide content. The results showed 

that a small amount of graphene oxide content could enhance the properties of PVA-GO Nanocomposites. Surface 

characterization revealed the uniform distribution of graphene oxide and slight agglomeration of nanoparticles was 

observed. The mechanical & thermal properties were further investigated.  

Keywords: Polyvinyl Alcohol, Graphene Oxide, Polymer Nanocomposite  

Reference 
[1] X. Zhao, Q. Zhang, Y. Hao, Y. Li, Y. Fang, and D. Chen “Alternate multilayer films of poly(vinyl alcohol) and exfoliated 

graphene oxide fabricated via a facial layer-by-layer assembly”. Macromolecules, Vol. 43, No. 22, pp 9411-9416, 2010.  

[2]  

[3] Liang J., Huang Y., Zhang L., Wang Y., Ma Y., Guo T., Chen Y.: Molecular-level dispersion of graphene into poly(vinyl 

alcohol) and effective reinforcement of their nanocomposites. Advanced Functional Materials, 19, 2297–2302 (2009). 

 

 

Acceptance ID: 8PSG-O 

  

mailto:pj381970@gmail.com


 

 100 

3D printing of various composite materials for electronic circuits 

 
Kyung-Hyun Kim*1, Kyu-Sung Lee1, Ji-Young Oh1, Yong-Seok Yang1, Hyun-Woo Dang1 

2Chang-Woo Lee2  

1Electronics and Telecommunications Research Institute (ETRI) 

218 Gajeongno, Yuseong-gu, Daejeon, 34129, South Korea 
2Korea Institute of Machinery and Materials (KIMM) 

156 Gajeongbuk-ro, Yuseong-gu, Daejeon, 34103 

Nowadays, 3D printing is one of the hot items in the whole world. These techniques can be used various application 

fields, which are making prototypes for medical and dental field, electronics, aerospace, automotive, design, 

architecture, and so on. In particular, we are interested in printing electronic circuits and are working on developing 

printing materials to replace printed circuit board (PCB) using 3D printers. 

Therefore, we studied various composite materials, which are glass powder, carbon powder, carbon nanotube (CNT), 

and cellulose nanocrystal (CNC), for improving thermal, mechanical, and electrical properties of polylactic acid 

(PLA). We successfully maked thermoplastic filaments using a mini-extruder machine for fused deposition modelling 

(FDM) printer and also maked many 3D printed samples for thermal, mechanical, and electrical measurements. The 

3D printed samples, which were included various composite materials, were investigated in terms of printing speed, 

printing temperature, and printing bed temperature. The 3D printed samples were measured by thermal mechanical 

analyzer (TMA), bending strength with micro-universal testing machine, dielectric constant with LCR meter. Surface 

morphology and composition of those are measured by scanning electron microscope (SEM) and energy dispersive 

X-ray spectroscopy (EDS).  

This work was supported by the National Research Council of Science & Technology (NST) grant by the Korea 

government (MSIP) (No. CRC-15-03-KIMM). 
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Of interest is the effect of dislocations on anomalous behavior of the physical properties of ferroelastic crystals in the 

vicinity of a structural phase transition. Earlier cases of static and moving with a constant speed of dislocation have 

been investigated. Bending vibrations of dislocations were not discussed in these papers. The authors investigated the 

bending vibrations of an edge dislocation in ferroelastics, ferroelectrics and ferromagnets in the works [1, 2], The 

present report considers small amplitude bending vibrations of a screw dislocation near the point of the structural 

phase transition, which is described by the order parameter. In the presence of dislocation in the ferroelastic crystal 

there appears a contribution to order parameter, which is generally coordinate-dependent and time-dependent. Solving 

the set of equations in Fourier representation and considering only summands linear over the dislocation displacement 

u(q,ω) we find f(q,ω)=α-1(q,ω)u(q,ω), where f(q,ω) is projection of Peach-Koehler force onto the dislocation slip plane, 

α(q,ω) is the generalized susceptibility of the screw dislocation, describing its linear response to the external force, 

the space dependence of which is characterized by wave vector q and the time dependence – by frequency ω. Linear 

response function allows you to determine dynamic characteristics of a screw dislocation and give a correct description 

of the ferroelastic crystal behavior in external fields. 

Keywords: Screw dislocation, bending vibrations, ferroelastic crystal, generalized susceptibility 
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Chiral salen-type Schiff base Fe(II) complexes for dye-sensitized solar cells (DSSCs) were designed [1] for 

comparison with Co(II), Ni(II), Cu(II) and Zn(II) ones. The substituent effects on their absorption spectra as well as 

electrochemical behavior were evaluated by TD-DFT computational methods as well as some experimental ways. In 

Fe UV-vis-NIR spectra, Fe(II) complexes exhibited red-shift of absorption bands due to electron withdrawing groups. 

The magnitude of HOMO-LUMO gap, transition energies, and electric transition dipole moments calculated by TD-

DFT were discussed. Optimized structures of Fe(II) complexes revealed that conformation of carboxyl groups is 

suitable for chemisorption onto TiO2 surface. 
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 Organic thin film transistors (OTFTs) based on pentacene and hydroxyl-containing polyimide-zirconium 

dioxide (PI-ZrO2) hybrid films were fabricated on silicon substrate in which the PI and ZrO2 were as the semiconductor 

and the gate dielectrics, respectively. Zirconium butoxide (Zr(OBu)4) was used as the precursor to synthesize nano-

sized ZrO2 colloid through the hydrolysis and condensation reaction in a sol-gel process. Then, PI-ZrO2 hybrid 

solution was synthesized from a condensation reaction between hydroxyl-containing ZrO2 and polyimide, followed 

by a spin coating to form the PI-ZrO2 dielectric composites. Cyclic olefin copolymer (COC) was used as a modify 

layer to enhance the interface property between the semiconductor and the dielectric layer. In addition, PffBT4T-2OD 

was replaced by pentacene as semiconductor to expect a good performance on device. The thermal, optical, surface, 

dielectric, and electrical properties of the PI-ZrO2 dielectric composites were investigated and correlated to ZrO2 

content. The PI-ZrO2 hybrid dielectrics showed the tunable insulating properties, including high dielectric constants, 

high capacitances, and low leakage current densities. Besides, the bottom-gate top-contact OTFTs based on the PI-

ZrO2 hybrid dielectrics PZ30% and PZ30%-COC showed the best performance with the near zero threshold voltage. 

The best field-effect mobility (μ) and current on/off ratio (Ion/Ioff) of OTFTs were 1.12 cm2V-1s-1 and 1.2x104 for the 

dielectrics PZ30% and 3.25 cm2V-1s-1 and 1.2x106 for the dielectrics PZ30%-COC, respectively. The results showed 

that the OTFTs based on the PI-ZrO2 dielectrics and pentacene were fabricated successfully and the best performance 

for OTFTs was obtained when the ZrO2 content in hybrid films was 30 wt%. 
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Rechargeable aqueous electrochemical energy storage (EES) devices, especially ones using earth-abundant and non-

toxic materials, have shown great promise for many applications owing to their high safety, low cost, and 

environmental friendliness.  However, the thermodynamically stable potential window for aqueous EES has an 

intrinsic limit of 1.23 V, beyond which the hydrogen evolution reaction and oxygen evolution reaction occur. The 

evolved gas from electrolyte decomposition also severely deteriorates the electrode. A potential window of 1.23 V is 

too narrow for storage devices to achieve high energy and power performance. Extensive efforts have been made to 

break through this limit on the potential window while retaining the benefits of aqueous energy storage systems.  

In this study, we report a high-rate high-voltage aqueous Na-ion full cell system based on a novel surface hydroxylated 

Mn5O8 electrode. As probed by synchrotron-based surface-sensitive soft X-ray spectroscopy, an ice-like surface 

hydroxyl layer is formed after cycling. Density functional theory (DFT) calculations show that the interplay between 

the hydroxylated interphase and the unique bivalence (Mn2+
2Mn4+

3O8) layered structure suppresses the HER and OER 

with a stable potential window of 3.0 V. The system exhibits a two-electron charge transfer via Mn2+/Mn4+ redox 

couple, and provides facile pathway for Na-ion transport at high-rate. The 3.0 V aqueous symmetric full cell exhibited 

a high energy density, 23 Wh kg-1 at a rate of 550 C, with nearly 100% coulombic efficiency and 85% energy efficiency 

after 25,000 charge-discharge cycles.  Although the electrochemical properties of Mn5O8 have been largely overlooked 

since its structure was determined in 1965, our result shows that Mn5O8, the only bivalence layered manganese oxide, 

can serve as a new generation of pseudocapacitor electrode materials for enabling a stable potential window of 3.0 V 

for aqueous energy storage. This offers a new paradigm for developing electrode materials with a wide potential 

window and facile charge transfer for aqueous energy storage devices, which exhibits the performance comparable to 

that of non-aqueous Li-ion batteries, but is safe and environmentally benign. In addition, it will be an interesting topic 

for further studies on whether and how a well ordered hydroxylated interphase could form on the surface of other 

metal oxides, increase their overpotential towards gas evolution reactions, and therefore increase the potential window 

of aqueous energy storage. 
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Iron chalcogenides possess substantial attractions because of their potential uses for biomedical, energy conversion 

and memory device application. Realization of this promise has been restricted by the lack of control over the 

crystallinity and nanoscale organization of iron chalcogenide films. High-quality nanoparticles (NPs) from these 

semiconductors will afford further studies of photophysical processes in them. NPs from these semiconductors can 

also serve as building blocks for mesoscale iron chalcogenide assemblies.  

Here, we report a synthetic method for FeSe NPs that meet these needs with a diameter of ca. 5 nm in polar solvent 

and aqueous dispersions. The crystallinity of the individual NPs was confirmed by high resolution transmission 

electron microscopy (HR-TEM). The prepared FeSe NPs exhibit relatively high photoluminescence with a quantum 

yield of 4%, which was previously hard to attain for iron chalcogenides. Moreover, they also show offresonant 

luminescence due to two-photon absorption, which can be valuable for biological applications. To confirm 

biocompatibility of the FeSe NPs, cytotoxicity test was performed by using three different human cell lines which are 

AGS, MG63, NCI-460. As a result, FeSe NPs have over 90 % of cell viability. 
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This paper presents the use of spoilers mounted at gable roof building for converting wind energy to reduce high wind-

induced suctions occurring at roof-edge and ridge. A gable roof building model with spoilers of different dimensions 

was tested in a boundary layer wind tunnel. The influences of geometric dimensions and arrangement of spoilers on 

converting wind energy and mitigating high suctions on gable roof  were be investigated. The experimental result 

show that the spoilers at gable wall have the greatest influences on wind pressures, followed by spoilers at eave. The 

angles between spoilers and roof are the most influencing geometrical factor for spoilers, which are recommended as 

0-30° for spoilers at eave and 25-30° for spoilers at gable wall. The recommended ratio of spoilers height to eave 

height is between 1/70 and 1/12 and of spoilers width to the length of building is between 1/25 and 1/15. Although it 

have been proved that the spoilers have obvious effect on converting wind energy and mitigating high suctions on 

roof, the uplift force of spoilers can not be ignored. The spoilers should be connected with main structure of building 

to share the uplift force of spoilers. 

Keywords: spoiler, wind energy, low-rise building, wind pressure, conversion devices 
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We prepared series of CoxCr1-x thin films, using thermally evaporation under vacuum, onto Si(100) and glass 

substrates.  To perform the static magnetic properties, Alternating Gradient Field Magnetometer (AGFM) and 

Vibrating Sample Magnetometer(VSM) measurements techniques have been used. The zero-field magnetic structure 

has been investigated by Magnetic Force Microscopy (MFM), using a Veeco 3100 apparatus. To perform the dynamic 

magnetic properties of the samples, we used Ferromagnetic Resonance(FMR) and Brillouin Light Scattering (B.L.S.) 

with a (2x3)–pass tandem Fabry-Perot interferometer techniques. In-plane easy magnetization axis was found for all 

samples. Using different spectra provided by these tools, we computed first, second and uniaxial magnetic anisotropy 

factors (K1, K2 and Ku) by way of several methods. Values of the computed effective magnetic anisotropy factors 

Kueff, higher than 106 erg.cm-3, have been found (see figure below). All these results will be discussed and correlated.  
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RBS/C, Raman, spectroscopic ellipsometry (SE) and spectrophotometer techniques have been used to investigate the 

impact of Cu implantation with varying ions fluences (5 × 1014, 1 × 1015 and 5 × 1015 cm-2) on the structural and optical 

properties of MBE grown AlN thin films. The level of implantation defects, as measured by RBS/C, gradually 

increases with the increasing of ions fluence, which is confirmed by Raman analysis. Further, it was observed that the 

implantation defects accumulate at the surface for the flux of 5 × 1014 cm-2 while the defect region shifts inside the 

film for the fluence higher than 5 × 1014 cm-2. The basic Raman modes, E2 (high) and A1 (LO), for the wurtzite AlN 

crystal structure have been observed. It was found that both Raman modes shift with Cu+ fluences, indicating that Cu 

atom substituted into Al sites, causes to produce mass defects. Similarly ellipsometric study explores that the optical 

constants (n and k) of the films vary with the increasing of Cu ion fluences. In comparison, the band gap energy was 

also determined by using transmission spectra and found to agree with that of the ellipsometric results. These analyses 

confirm that the band gap energy decreases after implantation of Cu ions in the AlN film. 

Keywords: Cu+ implantation; radiation defects; Raman scattering; Band gap energy; Optical 

constants. 
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Manipulation of the surface properties of biominerals is very important for their biomedical applications. However, 

the straightforward preparation of a multifunctional and stable coating on biominerals remains a challenge. Here, a 

rapid and universal method for multifunctional coatings was developed based on a salivary acquired pellicle (SAP) 

inspired dendrimer. Then, the SAP-inspired strategy was also applied to modify a series of materials such as tannin 

acid (TA) and oligomeric procyanidins (OPC). These materials have an external surface modified with DDDEEKC 

peptide sequence, which mimics the adsorption function of statherin as one of the main components of SAP, to endow 

the them with a universal capability for adhesion on biominerals. For example, the DDDEEKC modified PAMAM 

coating can be formed by a simple dip-coating method on various biominerals within 10 min, and is stable for more 

than one month. It provides a universal platform of secondary modifications for different applications. Also, the 

DDDEEKC decorated TA and OPC can be used as restorative biomaterials to resist bacterias and also induce the 

remineralization of tooth enamel.  

 

Scheme 1. SAP-inspired multifunctional materials for biomineral coating, and dental restorative/antibacterial materials (SAP-TA and 

SAP-OPC) for example. 

 

Keywords: Multifunctional, coating, restorative/antibacterial materials, salivary acquired pellicle, bio-inspired. 
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To better understand the lattice characteristics of lead zirconate titanate (PZT) ceramics, the lattice orientations and 

domain-switching characteristics have been examined during loading and unloading process using various 

experimental techniques. Upon loading, linear and nonlinear fracture mechanics of the PZT ceramics are observed. 

The slope of the stress-strain response is attributed mainly to lattice strain and domain switching strain. During the 

loading process, electrical activity also occurs several times in the PZT ceramics. This activity is related to a lightning-

like phenomenon and consists of a bright flash with a click. This electrogenerative event is caused by severe domain-

switching. The characteristics of domain-switching and reverse switching are detected during the loading and 

unloading processes. The amount of domain-switching depends on the grain, due to different stress levels. In addition, 

two patterns of 90˚ domain-switching systems are characterized, namely (i) 90˚ turn about the tetragonal c-axis and 

(ii) 90˚ rotation of the tetragonal a-axis. There is strong domain switching when the domain (c-axis of the tetragonal 

structure) is orientated close to the loading direction. A large number of domains are switched between 85.4 and 

90.0, with many crossing the loading axis. In situ TEM observation of the domain switching characteristics of PZT 

ceramic has been conducted with increasing the sample temperature from 25C to 300C, and the domain switching 

like behavior is directly observed from the lattice image, where the severe domain switching occurs less than 100C. 
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Multifunctional polymers have attracted attention as the need grows for materials to simultaneously demonstrate 

different capabilities [1]. Of those highly-demanded nanocomposites, magnetothermally-responsive materials 

demonstrate a promising application in drug delivery systems [2]. The quick reacting nature of magnetothermally-

responsive polymers inspires us to present a one-of-a-kind nanocomposite valve that utilizes both the magnetic force 

attraction and the thermal-induced phase change for operation. Valves that show good performances are typically 

micromachined, however, they cannot be easily integrated with other components and fail to provide a simple solution 

for interconnecting channel systems [3,4].  Researchers have shown great interest in flexible magnetic valves, but 

have yet overcome the integration difficulty and the high power consumption [3]. The proposed valve based on 

magnetothermally-responsive nancomposites offers unique features and capabilities including easy integration, 

biocompatibility, scalability and a one-way passive operation. The valve is fabricated by incorporating Fe3O4 

nanoparticles in polyethylene-glycol (PEG). Fe3O4 is biocompatible and can be easily dispersed and manipulated with 

external field due to its superparamagnetic nature. 2 µm Parylene encapsulates the nanocomposite to offer 

biocompatibility, enclosure and flexibility. The presented valve is designed to fit 0.7 mm in diameter channels, 

however, it can be customized to fit any microfluidic system. After the valve is injected in the channel and steered to 

the desired location, it is heated above the phase change temperature of PEG (e.g. body temperature). The valve 

expands and gets locked in place with a NdFeB permanent magnetic nanocomposite to attract the nanoparticles, 

sealing at one edge of the valve while keeping the other loose. The nanocomposite actuator, operated in liquid state, 

is stretched by the nanoparticles attracted toward the magnetic field source and sticks to the inner wall of the tube to 

realize one-way sealing. The presented magnetothermally-responsive actuator demonstrates a reliable operation as a 

passive one-way valve that exhibits steady flows from the inlet side, i.e. 5 μL/min at 14 kPa and robust sealing from 

the outlet side, i.e. 66 nL/min at 14 kPa min due to the difficulty for the flows to deform the actuator’s outlet side 

where the nanoparticles are attracted toward the ring magnet to fully stretch the actuator at. The demonstrated 

performance indicates the valve is suitable to be integrated with implantable micropumps or drug delivery systems to 

prevent back flow of body fluids to the microfluidic systems.  

Keywords: magnetic nanocomposites, thermosensitive polymers, valve, actuator  
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BiFeO3 (BFO) has been extensively studied due to coupled electric, magnetic, and structural order parameters that 

result in simultaneous ferroic properties at room temperature. Although BFO thin films have great potential in 

multifunctional electronic devices, high leakage current and weak magnetization of BFO are major obstacles for the 

potential applications. Many efforts have been made to improve the phase purity, magnetic and electrical properties 

of BFO. It has been reported that the substitution of a small amount of ions at Bi and/or Fe sites can reduce leakage 

current and modify magnetic properties. Also, the properties can be improved by forming a solid solution with other 

perovskite. In this study, we prepared BiFeO3, Bi(Fe,Mn)O3, 0.67BiFeO3-0.33BaTiO3 thin films by using RF 

magnetron sputtering. Crystal structure, microstructure, electric and magnetic properties are discussed in details.  

Keywords: BiFeO3, thin films, ferroelectricity, magnetism, sputtering 
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To address some of limitations of traditional drilling device, the Ultrasonic/Sonic Driller/Corer (USDC) was 

developed by NASA Jet Propulsion Laboratory as a special percussive mechanism for in-situ rock sampling. 

Generally, the USDC consists of three components, i.e., a piezoelectric ultrasonic transducer with a horn, a free-mass 

and a drill bit. The free-mass delivers energy from transducer to the surface of rock by bouncing between the horn and 

the drill bit. This paper presents simulation and analysis for the collisions of this novel drilling system. The collision 

force and duration of interactions are analyzed by using Finite element approach, meanwhile, effects of wastage of 

different components on the collision is also explored. A simplified integrated analysis is made to predict the 

characteristics of USDC and critical factors that affect drilling efficiency. The drilling testing platform is established 

and experimental data is applied to verify the simulation results. 

Keywords: Ultrasonic/Sonic Driller/Corer; Collision; Piezoelectric transducer. 
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The piezoceramic (Lead Zirconium Titanate, PZT) materials, due to their low costs and excellent dynamic properties, 

have broad application prospects in structural health monitoring of civil engineering. Nowadays, researchers have 

made great progress on the sensor exploiting and application in structural health monitoring. However, even though 

the PZT sensors have broad frequency responses, only partial frequency ranges of PZT signal tends to be used for 

structural health monitoring, which makes the monitoring target too single and the function too wasteful. There are 

still further studies to be done on the dynamic properties of sensors and multi-functional applications based on the 

broad frequency range of piezoelectric sensors. The authors developed the structural health monitoring methods using 

the broad-frequency responses of piezoelectric sensors in recent years. This paper introduced the recent advances on 

the structural health monitoring of civil structures using piezoelectric sensors, including bolt looseness detection, 

corrosion monitoring in steel bars, impact direction identification, and crack detection of concrete.  
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Alkali-soluble polymer coating is used to protect a plate glass during a cutting process for the production of a tempered 

glass. Alkali-soluble property is necessary to remove the polymer film after processing. In order to reduce a curing 

time, UV curable resins are preferred to thermosetting resins. Monomer, oligomer, acidic polymer, photo initiator, 

and additives are included in the coating ink. Uniformity of the coating, curing time, adhesive strength, hardness, and 

detachability are important factors to achieve good performance.  

In this study, various acrylates were used as monomers and the effects of physical properties with variable monomer 

contents and mixing ratio of monomers were investigated. To provide an alkali-soluble property, acidic polyacrylates 

with various acid value and molecular weight were used and the relations between peering time and these properties 

were investigated as well. The number of functional groups of acrylate monomers, the type and the amount of photo 

initiator, the amount of talc additive had great effects on the physical properties such as adhesive strength, curing time, 

thickness, hardness and detachability of the polymer coating. 
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In order to design flexible pressure sensors with high sensitivity, a multi-physics computational model for 

piezoresistivity was developed. The developed model was used to investigate the piezoresistive behavior of porous 

carbon nanotube composite structures. The effects of filling factor, orientation, and size distribution on the 

piezoresistivity were analyzed and an optimized structure with high sensitivity was proposed. For validation, the 

proposed structure was 3D printed and the piezoresistivity of the porous structure was evaluated.   
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Single crystal of oxygen-incorporated ZnS is an environmened friendly wide-band-gap semiconductor. The series of 

ZnS1-xOx materials have considerable potential to be applied in solar cell and ultraviolet light-emitting devices. In this 

study, we have grown oxygen-incorporated ZnS crystals by chemical vapor transport (CVT) with iodine as a transport 

agent (I2). Three types of crystals are discussed herein: the first type is an undoped ZnS, the second one is a ZnS0.94O0.06 

compound, and the third crystal is ZnS0.9O0.1. The ZnS0.94O0.06 crystal is obtained by pre-oxidized Zn powder together 

with sulfur element using CVT growth. The ZnS0.9O0.1 was grown from source materials of ZnO powder, Zn powder 

and sulfur powder using CVT. The stoichiometry content of the three samples is determined by energy dispersive x-

ray (EDX). We will further characterize the materials using transmission electron microscopy (TEM), 

thermoreflectance (TR) and photoluminescence (PL) measurements. Through the high resolution transmission 

electron microscopy (HRTEM) and selected area electron diffraction (SAED) results, we can see that the structure of 

the oxygen-incorporated ZnS belongs to zinc-blende phase. The lattice constant of the compounds can be further 

calculated to be a = 5.43Å (ZnS), 5.41Å (ZnS0.94O0.06) and 5.39Å (ZnS0.9O0.1), respectively. From the TR measurement 

results the transition energies of excitonic transitions are EA = 3.864 eV (ZnS), 3.807 eV (ZnS0.94O0.06) and 3.786 eV 

(ZnS0.9O0.1), EB = 3.918 eV (ZnS), 3.856 eV (ZnS0.94O0.06) and 3.786 eV (ZnS0.9O0.1), and EC = 3.998 eV (ZnS), 3.940 

eV (ZnS0.94O0.06) and 3.896 eV (ZnS0.9O0.1) at 40K, respectively.The transition energies of EA are close to the positions 

of free-exciton emission peaks of the corresponding compound at low-temperature. Defect-state and surface-state 

emissions including sulfur vacancy (VS in ZnS) and oxygen vacancy (VO in ZnO) of the ZnS1-xOx will emit red, yellow, 

green to violet visible emissions. The ZnS1-xOx can be applied in fluorescent material and light-emitting device, and 

which becomes a further color-palette luminescence matter. 

Keywords: II-VI compound semiconductor, Thermoreflectance, Photoluminescence, Color palette emissions.  
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Aluminum(Al)-stainless steel 316L(SUS316L) composite materials was successfully manufactured using mechanical 

ball milling and spark plasma sintering (SPS). The composite materials comprised Al-20vol% SUS316L, Al-50vol% 

SUS316L, and Al-80vol% SUS316L, which were sintered at 600°C and 200 MPa for 5 min. The intermetallic 

compounds, such as Al13Fe4 and AlFe3 were detected in the XRD patterns and exhibited in the composites due to the 

reaction between Al and SUS316L during the SPS process. The SEM(EDS), mapping and Fe-Al phase diagram results 

also indicated the presence of the intermetallic compound. The highest Vickers hardness (630 Hv) was achieved with 

the Al-50vol% SUS316L composite. In order to explain the increase in mechanical hardness, the strengthening 

mechanism, such as the Orowan looping mechanism was used in this work. Consequently, the SPSed Al-SUS316L 

composite materials are expected to be applicable in various fields of industrial engineering. 
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Single-phase BiFeO3 (BFO) is one of the most widely studied multiferroic materials due to its fascinating fundamental 

physics as well as its potential applications in electronic devices. But there exist some problems such as large leakage 

current, high dielectric loss and weak ferromagnetism, which have seriously prohibited its practical use. Extensive 

reports showed that doping, especially codoping at the Bi/Fe sites, is an effective way to enhance the electrical and 

magnetic properties of BFO [1–14]. La [3–5] and Cr [7–11] are two common dopants for the Bi-site and Fe-site 

substitutions, respectively. However, the La/Cr codoping has been seldom reported until now.  

In this work, BFO and Bi1-xLaxFe0.9Cr0.1O3 (BLFCx=0.1–0.2) ceramics were prepared by modified solid-state reaction. 

The effect of La/Cr codoping on the microstructure, leakage, dielectric and magnetic properties of BFO was studied. 

The results show that the La/Cr codoping can induce a structural transition from a rhombohedral phase to a triclinic 

phase and thereby a series of changes in physical properties. The leakage current density can be reduced by over 2 

orders of magnitude compared with undoped BFO, and are 1 to 4 orders of magnitude lower than those of Ba/Cr-

codoped BFO ceramics [7], in a reasonable range for device applications [15]. The dielectric constant at 100 kHz of 

BLFCx=0.2 is over 8 times larger than that of undoped BFO, and about 6, 3 and 2 times larger compared with Cr-doped 

[11], La/Gd-codoped [14] and Ba/Cr-codoped [7] BFO ceramics, respectively. The best remanent magnetization from 

BLFCx=0.2 is over 4 orders of magnitude higher than that of undoped BFO, and 1 to 3 orders of magnitude higher 

compared with La-doped [3,4], La/Zr-codoped [5], La/Co-codoped [6] and Ba/Cr-codoped [7] BFO ceramics. The 

enhanced magnetization will be interesting for magnetic field sensor applications. These improvements can be 

attributed to the reduction of oxygen vacancies, the suppression of the spiral spin structure and a new ferromagnetic 

Fe3+–O2-–Cr3+ super-exchange interaction, induced by the La/Cr codoping. More interestingly, abrupt changes are 

observed around x=0.15, not only in microstructure but also in electrical and magnetic properties, which may suggest 

the coupling effect among them. The results indicate BLFCx=0.1–0.2 ceramics as a promising candidate for 

magnetoelectric effect studies as well as for magnetoelectric device applications. 

Keywords: multiferroic material, structural transition, leakage current, dielectric properties, magnetic properties 

 [1] SATI, P. C., KUMAR, M. & CHHOKER, S. 2015. Phase Evolution, Magnetic, Optical, and Dielectric Properties of Zr-

Substituted Bi0.9Gd0.1FeO3 Multiferroics. J Am Ceram Soc, 98, 1884-1890. 

[2] YUAN, G. L., OR, S. W., LIU, J. M.  & LIU, Z. G. 2006. Structural Transformation and Ferroelectromagnetic Behavior in 

Single-Phase Bi1–xNdxFeO3 Multiferroic Ceramics. Appl Phys Lett, 89, 052905. 

[3] LIN, Y. H., JIANG, Q. H., WANG, Y., NAN, C. W., CHEN, L. & YU, J. 2007. Enhancement of Ferromagnetic Properties in 

BiFeO3 Polycrystalline Ceramic by La Doping. Appl Phys Lett, 90, 172507. 

[4] ZHU, J., Kumar, N. P., MIN, Z., HU, Y. M. & Reddy, P. V. 2015. Structural, Magnetic and Dielectric Properties of Bi1-

xLaxFeO3 (x=0, 0.1, 0.15 and 0.2). J Magn Magn Mater, 386, 92-97. 

[5] LAN, C. Y., JIANG, Y. W. & YANG, S. G. 2011. Magnetic Properties of La and (La, Zr) Doped BiFeO3 Ceramics. J Mater 

Sci, 46, 734-738. 

[6] GU, Y. H., ZHAO, J. G., ZHANG, W. Y., LIU, S. J., GE, S. P., CHEN, W. P. & ZHANG, Y. 2016. Improved 

Ferromagnetism and Ferroelectricity of La and Co Co-Doped BiFeO3 Ceramics with Fe Vacancies. Ceram Int, 42, 8863-

8868. 

[7] WEI, J. Z., ZHANG, M., DENG, H. L., CHU, S. J., DU, M. Y. & YAN, H. 2015. Effect of Cr Doping on Ferroelectric and 

Magnetic Properties of Bi0.8Ba0.2FeO3. Ceram Int, 41, 8665-8669. 

[8] DONG, G. H., TAN, G. Q., LIU, W. L., XIA, A. & REN, H. J. 2014. Crystal Structure and Highly Enhanced Ferroelectric 

Properties of (Tb, Cr) Co-Doped BiFeO3 Thin Films Fabricated by a Sol–Gel Method. Ceram Int, 40, 1919-1925. 

[9] LIU, W. L., TAN, G. Q., XUE, X., DONG, G. H., REN, H. J. & XIA, A. 2014. Phase Transition and Enhanced Multiferroic 

Properties of (Sm, Mn and Cr) Co-Doped BiFeO3 Thin Films. Ceram Int, 40, 12179-12185. 



 

 120 

[10] LIU, W. L., TAN, G. Q., XUE, X., DONG, G. H. & REN, H. J. 2013. Structure Transition and Enhanced Ferroelectric 

Properties of (Mn, Cr) Co-Doped BiFeO3 Thin Films. J Mater Sci: Mater Electron, 24, 4827-4832. 

[11] CHANG, F. G., ZHANG, N., YANG, F., WANG, S.X. & SONG, G. L. 2007. Effect of Cr Substitution on the Structure and 

Electrical Properties of BiFeO3 Ceramics. J Phys D: Appl Phys, 40, 7799-7803. 

[12] SHI, X. X., QIN, Y. & CHEN, X. M. 2014. Enhanced Ferroelectric Properties in Bi0.86Sm0.14FeO3–Based Ceramics. Appl 

Phys Lett, 105, 192902. 

[13] KARPINSKY, D. V., TROYANCHUK, I. O., BUSHINSKY, M. V., GAVRILOV, S. A., SILIBIN, M. V. & FRANZ, A. 

2016. Crystal Structure and Magnetic Properties of Bi1-xCaxFe1-xMn(Ti)xO3 Ceramics across the Phase Boundary. J Mater 

Sci, 51, 10506-10514. 

[14] SURESH, P., BABU, P. D. & SRINATH, S. 2016. Role of (La, Gd) Co-Doping on the Enhanced Dielectric and Magnetic 

Properties of BiFeO3 Ceramics. Ceram Int, 42, 4176-4184. 

[15] WANG, J. L., LI, L., PENG, R. R., FU, Z. P., LIU, M. & LU, Y.L. 2015. Structural Evolution and Multiferroics in Sr-Doped 

Bi7Fe1.5Co1.5Ti3O21 Ceramics. J Am Ceram Soc, 98, 1528-1535. 

Acceptance ID: cpyu-P 

  



 

 121 

 

Novel Advance in (am-γ-,δ-,θ-,-α ) Al2O3 nanoparticles recovering from synthetic  

polymer- A sol gel attempt 

Ali Bumajdad*a, Fakhreia A. Sagheera, Shamsun nahara  

aChemistry Department, Faculty of Science, P.O. Box 5969, Safat, State of Kuwait, Kuwait. 

 

Abstract: Alumina nanoparticles (NPs) have been the subject of researchers because of their temperature dependence 

unique properties (e.g., variety of metastable structure including am-γ-,δ-,θ-,κ,-χ,-η- alumina and as well as stable α-

alumina). Poly vinyl chloride (synthetic) polymers were subjected to synthesis alumina nanoparticles using sol gel 

process and aluminum ethoxide(AEO) as precursor. Hybrid films were thermally degraded by heating at different 

temperature (500º-1100ºC) in a dynamic atmosphere of air. The solid residues, with less aggregation forming 

nanoparticles, were assessed by thermogravimmetry (TG), X-ray diffractomertry (XRD) and electron microscopy to 

consist dominantly of uniformly agglomerated spherical, cubic, tetragonal, monoclinic and rhombohedral mesoporous 

Al2O3 nanoparticles, irrespective of the alumina in the film. The recovered alumina particles morphology and surface 

microstructure were scanned   by field emission scanning and high resolution transmission electron microscopy, 

respectively. Whereas the particle surface chemistry and texture were delved into, respectively, by means of X-ray 

photoelectron spectroscopy (XPS) and N2 sorptiometry. The recovered alumina was found, irrespective of the film 

content of alumina, to enjoy not only a high temperature  (up to 1100ºC) stable nanoscopic with γ-,δ-,θ-,α-alumina 

structure but also a high temperature stable chemical composition (lattice Al3+ and O2- and absorbed OH). Amorphous; 

440, 400-δ alumina; 401δ-, 113α- alumina faceted microstructure and highly accessible (127-6m2/g) with average pore 

diameter in the range 4-6nm.  Different polymorphs of alumina are important for different application with successful 

application. 

Key words:  Surface properties, PVA-film, γ-alumina, α-alumina 
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Reprogrammable phononic metamaterial 

Osama R. Bilal, André Foehr and Chiara Daraio 

Phonons are the lattice vibrations that are responsible for the propagation of sound, vibrations and heat at higher 

frequencies. Phononic crystals and acoustic metamaterials are material systems that exploit the geometry and elastic 

properties of basic building blocks (the unit cells), often repeating in space, to manipulate phonons and redirect energy. 

While there exist demonstrations of tunable phononic metamaterials by means of piezoelectric shunting, cell 

symmetry relaxation, static loading, granular contacts and acoustic trapping. They either lack the locality of element-

wise programming, the ability to switch between desired material functionalities in real-time or continuously consume 

energy. Moreover, the existing solutions require direct contact between the metamaterial and the programming 

method. Obtaining element-wise and real-time programmability of metamaterials, in a reversible manner, would allow 

their applications to extend to new sensors, filters, and switches. In this work, we present the experimental realization 

of a 3D printed metamaterial plate that uses nonlinear interactions between its unit cells and an external magnetic 

potential, to dynamically tune wave propagation, controlling the frequency range of subwavelength band gaps. 
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Characterization on Acoustic Emission Identification of MgO-C Refractory Damage 

Based on Principal Component Analysis and Empirical Mode Decomposition 

Abstract: The presence of this high amount of MgO-C in the refractory can be responsible for micro damage 

occurrence during the repeated loading step after melt casting (annealing), exhibiting highly nonlinear behavior. Set 

aside the temperature factor for the moment, it might be a more feasible way to study the micro damaging mechanism 

from the point of view of micromechanics in advance in virtue of AE experimental characterization. This time domain 

method is used to determine new relevant descriptors to be introduced in the classification process to improve the 

characterization and the discrimination of the damage mechanisms. A major issue in the use of AE technique is how 

to discriminate the AE signatures due to the different damage mechanisms. Besides for the disturbances (e.g. scattering 

attenuation due to damage accumulation, viscous damping, inhomogeneity of concrete, internal sample structure 

defects, etc.) giving rise to misleading data if they are not well accounted and minimized, there are also 15 parameters 

in the identifying the damage in the process of the AE data, which complicate the work. Accordingly, AE with a 

clustering procedure is an effective tool that provides a better discrimination of damage mechanisms in refractory 

composite materials. The purpose of this work was to construct a properly labelled learning database of AE signals 

where each group was associated with identified damage mechanism. High dimensional feature space reduction was 

a remaining challenge to statistical processing and classification of AE data. An improvement was the use of classifiers 

able to group signals which have similar shapes into clusters. In the present study, unsupervised pattern recognition 

techniques, i.e., EMD with PCA, were used for the analysis of AE data. First, scattering AE signals were decomposed 

into different time scales of the intrinsic component through the empirical mode decomposition method. Secondly, 

the Hilbert-Huang transform was used to obtain the instantaneous frequency function component. Additionally, the 

time and the frequency domain characteristic values were calculated to construct the feature matrix. Thirdly, the PCA 

was adopted to generate a set of artificial variables made of a linear combination of the input features depicting the 

largest variance by using complete link hierarchical clustering in order to merge the correlated features into groups. 

Those applied a greedy approach that generated all possible feature combinations and then selected the one which 

optimized a given criterion. Finally, the support vector machine was employed to classify the damage signals. The 

classification was validated by the scanning electron microscopy. The results showed that there was a good result 

between the clustering groups and damage mechanisms with the observational results: the considered damage 

processes were primary matrix cracking and interfacial damage. 
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The development of novel reagents and antibiotics for combating multi-drug resistance bacteria has been receiving 

significant attention in recent years. The use of synthetic biomacromolecules/nanoparticles prepared via controlled 

polymerization techniques is regarded as one of the most promising approaches to overcome such challenge because 

of the ability to precisely engineer the chemical functionality, and hence the biological properties of the nanomaterial 

(Lam et al., 2016). Several research groups have reported on the synthesis of antimicrobial polymers to combat the 

rise of antibiotic-resistant pathogens. However, the majority of these materials exhibit poor selectivity (Hancock and 

Sahl, 2006).  Even though they are effective in killing bacteria, they are inherently harmful towards healthy 

mammalian cells, which hinder their potential for clinical applications. 

In here, we describe the fabrication of new antimicrobial star polymers (< 30 nm in size) consisting of mixtures of 

polylysine and glycopolymer arms that not only possess good antimicrobial efficacy towards Gram-positive bacteria, 

including methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Enterococci (VRE) (with 

MIC values as low as 16 μg mL-1), but are also non-hemolytic (HC50 > 10000 μg mL-1) and exhibit excellent 

mammalian cell biocompatibility. This new class of antimicrobial star polymers is prepared via a strategic combination 

of modern synthetic polymer chemistry protocols that entails click chemistry, reversible addition fragmentation chain 

transfer (RAFT) polymerization, N-carboxyanhydride ring-opening polymerization (NCA-ROP), and 

macromolecular assembly/cross-linking. The antimicrobial activity and mammalian cell biocompatibility of the star 

nanoparticles can be tuned efficiently depending on the molar ratio of polylysine to glycopolymers arms and the type 

of sugars employed (e.g., glucosamine, glucose and galactose). The technology described herein thus represents an 

innovative and effective approach in fighting deadly infectious diseases. 

Keywords: glycosylation, miktoarm star, antimicrobial agent 
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SiC is a good potential material as microwave absorbers due to its sufficient dielectric loss in microwave radiation 

[1]. However, the absorption capability of SiC is not satisfactory as a single constituent. It is generally utilized as an 

auxiliary absorbent in other materials or after surface treatments to enhance the absorption capacity. In this study, Ni-

Fe films are coated on SiC chopped fibers through electroless plating for the control of high-frequency electromagnetic 

properties and its effect on microwave absorbance is investigated. The electroless plating of Ni-Fe films is conducted 

using a two-step process of surface sensitizing and metal plating. The complex permeability and permittivity was 

measured in the composite specimens with the metalized SiC chopped fibers dispersed in a silicone rubber matrix. 

The original non-coated SiC fibers exhibit a considerable value of dielectric loss. The complex permeability spectrum 

is not greatly changed with Ni-Fe coating. On the while, dielectric constant is sensitively increased with Ni-Fe coating, 

due to the enhancement of the space charge polarization. The improvement in absorption capability (lower reflection 

loss and small matching thickness) is evident with Ni-Fe coating on SiC fibers. For the composite of Ni-Fe coated SiC 

fibers, –35 dB reflection loss less is predicted at 7.6 GHz with a matching thickness of 4 mm. 

Keywords: silicon carbide, copped fibers, nickel-iron plating, microwave absorbers 
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The rare-earth orthochromite EuCrO3 is an orthorhombic distorted perovskite that has been attracting considerable 

attention because of its potential in application as a multifunctional material. It shows physical and chemical properties 

that are strongly influenced by the rare-earth ion lying on the A-site of a perovskite structure. EuCrO3 does also present 

a rich variety of magnetic spin interactions, namely Cr3+ - Cr3+, Cr3+ - Eu3+ and Eu3+ - Eu3+, which are highly 

temperature dependent leading to a spin-canting antiferromagnetic phase below a Néel temperature TN at low 

temperatures. In this work, the magnetic properties of nanopowders of pure and Fe-doped europium chromite samples 

prepared by a combustion reaction technique were investigated.  The samples were characterized by X-ray diffraction 

and FTIR spectroscopy. The dc magnetization was measured for temperatures in the range 0 < T < 300 K by using the 

zero-field and field-cooled procedures for applied magnetic fields H up to 85 kOe. Below some temperature Tirr (H) 

an irreversible behavior was observed and the data was fitted to a de Almeida-Thouless line yielding a critical exponent 

 = 2.5 and a glassy temperature TG of 170 K.  The dynamics of the spins was investigated by measuring the T-

dependence of the ac magnetic susceptibility ac near TN for frequencies f in the range 10-104 Hz. It was found that 

the maximum in ac shifts to higher values of T for increasing values of f, yielding a shift per decade of frequency of 

about 0.003. Two theoretical models, namely, the Voguel-Fulcher law and the power-law critical dynamics law where 

used for analyzing the shifting in ac yielding 0 = 1.8 x10-9 s (= 1.6x10-15 s) for the characteristic relaxation time, 

Ea/kB = 39.23 K for the activation energy and TG = 165.9 K (= 167.5 K) for the Voguel-Fulcher (power law) model. 

Besides, the power law fitting yielded 5.62 for the product of the correlation length critical exponent (z) with the 

dynamical critical exponent (). The irreversible behavior and the shifting in ac are signatures of spin-glass systems 

while the values found for X and for the other fitting parameters are comparable to the ones measured in other spin-

glass systems. Finally, the correlation among the bonding angle Cr3+ - O2-- Cr3+ and TN was investigated. TN was found 

to increase with increasing values of the bonding angle.  This work was partially supported by the Brazilian Agencies 

CNPq, CAPES, FACEPE and FINEP. 
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Ferromagnetic-piezoelectric nanocomposites of La0.7Sr0.3MnO3–PbZr0.52Ti0.48O3 (LSMO–PZT) were synthesized by 

sol–gel route. The powder X-ray diffraction studies confirm the phase purity and the particle size in nanometer range. 

The coupling between the coexisting phases was achieved at magnetic transition temperature from the magnetic, 

dielectric and magneto-dielectric studies of LSMO–PZT nanocomposites. The quantitative magneto-dielectric 

coupling was found to be maximum value and decrease with increase in frequency. This provides the signature of 

magneto-dielectric coupling qualitatively as well as quantitatively in LSMO–PZT nanocomposites. 

Keywords: Nanocomposites, magneto-dielectric, dielectric. 
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Metal-organic frameworks (MOFs) are a class of porous materials with great potentials in catalysis, gas storage and 

sensing.1 An important feature of MOFs over other porous materials is the ability to tune their pore size, topology and 

functionality by the deliberate design and selection of organic and inorganic molecular building blocks from which 

the network is constructed.2 Taking advantage of this feature, chemists have tried to design and synthesize novel 

MOFs having particularly desired and predetermined functions and properties. MOFs containing functional groups, 

such as urea, amide, imine, and other groups are currently in the spotlight due to their potential applications in different 

areas including molecular sensing and catalysis.3-5 Thus, MOF containing one of these functional groups offers a 

convenient platform for designing supramolecular recognition units with adjustable specificity.6 It is now well-

established that MOFs containing functional groups offers a convenient platform for designing supramolecular 

recognition units with adjustable specificity for guest recognition. These frameworks may provide better performance 

than MOFs based on non-functionalized carboxylate linkers for a wide variety of applications, including gas storage, 

organocatalysis and molecular sensing. The presentation will provide an outlook of future research in which the 

incorporation of supramolecular recognition unit can provide new MOF platforms for different applications. 
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Increasing concern on the environment safety stimulated investigations of lead-free ferroelectric materials on the base 

of barium titanate BaTiO3 (BT), bismuth-sodium titanate (Na0.5Bi0.5)TiO3 (NBT) and sodium-potassium niobate 

(K0.5Na0.5)NbO3 (KNN) perovskites in order to replace widely used Pb-containing materials.  

In this work, influence of donor (Nb5+) and acceptor dopants (Mn3+, Fe3+, Ni3+) on structure, dielectric and ferroelectric 

properties of compositions close to Morphotropic Phase Boundaries (MPB) in KNN-BT and NBT-BT systems have 

been studied. Over stoihiometric additives (KCl, LiF, Bi2O3, V2O5) were used to improve sintering of ceramics. 

Ceramic samples were prepared by the two-step solid state reaction method at temperatures of 970–1470 K.  

The samples were characterized by the X-ray Diffraction, Scanning Electron Microscopy, Second Harmonic 

Generation, and Dielectric Spectroscopy methods. Piezoelectric properties of poled samples were measured using the 

YE2730A d33-meter.   

Ferroelectric phase transitions were revealed at ~ 350-400 K and at ~ 550 K (NBT-BT), and at ~700 K (KNN-BT). 

Using the SHG method, increase in the spontaneous polarization value was observed in NBT-based ceramics with 

Na/Bi content >1 mainly due to presence of admixture phases with ferroelectric properties (Na2Ti6O13 and Bi4Ti3O12).  

Effects of dielectric relaxation at high temperatures were observed in ceramics with deficiency in the A-sites and 

containing cations with mixed valence in the B-sites of the perovskite lattice. At the room temperature, improvement 

of functional parameters was observed in modified ceramics. This confirms prospects of new lead-free piezoelectric 

materials development on the base of modified KNN-BT and NBT-BT compositions close to the MPB.  

Keywords: perovskite, ceramic, ferroelectrics, piezoelectrics  
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Hydrogen energy is viewed as one of the most promising secondary energy sources in the 21st century due to the 

advantages of abundant resources, high conversion efficiency and non-pollution [1,2]. However, the technologies used 

for hydrogen storage are still deficient, impeding the large-scale applications of hydrogen energy [3], and an efficient, 

economic and safe hydrogen storage material has been the focus of attention. Mg(BH4)2 material, having a high 

hydrogen capacity (14.8 wt.% in theory) and low hydrogen binding enthalpy [4,5], has been recognized as one of the 

potential candidates for hydrogen storage. Nevertheless, the existence of boron element could easily result in the 

generation of various B-based products during dehydrogenation of Mg(BH4)2 due to the metalloid character of B, 

which makes the dehydrogenation process become complex. The decomposition path of Mg(BH4)2 during the 

dehydrogenation is still controversial thus far. In the present study, the dehydrogenation of Mg(BH4)2 is 

experimentally investigated from the point of view of pressure-composition isotherm and simultaneous thermal 

analysis. The decomposition mechanism of Mg(BH4)2 is discussed based on these analyses and the evolution of 

microstructure during the dehydrogenation. In addition, the important thermodynamic and kinetic parameters, such as 

reaction enthalpy, entropy and apparent activation energy, are determined for each decomposition step of Mg(BH4)2. 

Keywords: Magnesium based materials, Hydrogen storage, Microstructure, Reaction enthalpy 
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Fabrication of reliable large-sized p-type ZnO is the major challenge to realise ZnO-based electronic device 

applications. Here we report a novel technique to grow high-quality free-standing undoped acceptor-rich ZnO (A-

ZnO) microtubes with dimensions of ~100 μm in diameter and 5 mm in length by optical vapour supersaturated 

precipitation. The A-ZnO exhibits long lifetimes (>1 year) against compensation/lattice-relaxation and the stable 

shallow acceptors with binding energy of ~127 meV are confirmed from Zn vacancies. The A-ZnO provides a 

possibility for a mimetic p-n homojunction diode with n+-ZnO:Sn. The diode threshold voltage, turn-on voltage, 

reverse saturated current and reverse breakdown voltage are 0.72 V, 1.90 V, <10 μA and >15 V, respectively. The 

high concentrations of holes in A-ZnO and electrons in n+-ZnO make the dual diffusion possible to form a depletion 

layer. The A-ZnO also demonstrates quenching-free donor-acceptor-pairs (DAP) emission located in 390-414 nm with 

temperature of 270-470 K. Combining the temperature-dependent DAP violet emission with native green emission, 

the visible luminescence of A-ZnO microtube can be modulated in a wide region of colour space across white light. 

The present work opens new opportunities to achieve ZnO with rich and stable acceptors instead of p-ZnO for a variety 

of potential applications.  
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Recently, polymer-based piezoelectric nanocomposites have received a great deal of attention for sensors, actuators 

and transducers[1]. Typically, 0-3 piezoelectric nanocomposite consisting of a particulate ceramic randomly dispersed 

within a polymer matrix has many advantages of better flexibility, easier manufacturing and lower cost, compared to 

other types. However, it still has critical drawbacks of poorer piezoelectric properties since the ceramic particles within 

a polymer matrix are hard to be fully polarized. In this paper, the CNTs-doped PZT/Epoxy nanocomposites with PZT 

ceramic fillers of 81 wt.% and various amounts of carbon nanotubes (CNTs) additives are studied to achieve high 

performance flexible piezoelectric energy harvesters. To prepare the CNTs-doped PZT/Epoxy nanocomposite, various 

volume fractions of CNTs up to 0.4 wt.% were added to the nanocomposites. The electrical conductivity and dielectric 

constant results show that increase of the CNTs content can improve the electrical conductivities and, as a result, they 

can increase the poling efficiency of the composites. Based on the highest piezoelectric performance of the CNTs-

doped nanocomposite (CNTs contents of 0.08 wt.%), it was shown that the flexible piezoelectric generator fabricated 

with the CNTs-doped nanocomposite film can generate an open-circuit voltage of 2.5 V and a short-circuit current of 

25 mA. 

Keywords: Generator, Piezoelectric, Nanocomposite, PZT/epoxy, Carbon nanotube 
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Titanium dioxide nanopowder has received much interest. This is due to its use in various applications such as 

cosmetics, high reflective coatings, and medical devices coating and gas sensors. Rutile TiO2 exhibits an excellent 

refractive index, high whiteness, higher hiding power and superior chemical stability. In addition, Mica-based 

pearlescent pigments, which are Mica coated by TiO2 or metal oxide nanoparicles, are widely applied in plastics, 

cosmetics, automobiles coatings among others, but they seem to be not explored by the ceramic industry. Herein I 

would like to introduce the potential of Infrared(IR) reflecting pigment and phosphorous effect pigment, along with 

the coating technology of plate ceramic coated by metal oxide nanoparticles. IR reflecting pigments have increasingly 

been used in external wall and roof of building in order to reduce heat build up caused by the absorption of the sun's 

energy and the occurrence of "urban heat islands effect". Moreover, any printable surface of valuable products are 

subject to forgeries. Luminescent pigments as identification items are discussed among of various method that is 

magnetism, hologram, etc. In this presentation, rutile TiO2 or phosphorous mateirals as nano-sized metal oxide was 

prepared by sol-gel or template method. The nanosized materials were coated on plate ceramic to apply IR reflection, 

isolation-heat, special area with pearlescent or phosphorous effect. The various pigments were characterized by X-ray 

diffraction, FE-SEM, zeta potential, and a UV-Vis-NIR spectrophotometer, Refratometer, Fluorescence spectrometer.  

Keywords: TiO2, Rutile, refractive index, Infrared reflection, identification pigment 
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Lead-free (Ba0.85Ca0.15)(Zr0.1Ti0.9)O3+ x mol% (x=0–0.6) Gadolinium ceramics (BCZT-G) were fabricated via the 

conventional oxide-mixed method and the effects of gadolinium on the phase structure, microstructure, dielectric, 

ferroelectric and piezoelectric properties were investigated. The XRD patterns showed that the single perovskite phase 

was achieved in all compositions. The SEM images indicate that a small addition of Gd2O3 greatly affects the 

microstructure. The diffusive phase transition was enhanced with increasing the Gd content. The phenomena were 

explained well by defect chemistry .The BCZT ceramics with 0.2 mol% Gd content sintered at 1450℃ showed 

excellent piezoelectric properties with d33=432 pC/N and kp=43%. Besides these, a low dielectric loss (tanδ=0.019), a 

low coercive field (Ec=0.30 kV/mm) and high remanent polarization values (2Pr~20.3 μC/cm2) were also obtained on 

BCZT+0.2 mol% Gd content lead-free ceramics. As a result, the performance of a small amount of the amphoteric 

rare earths ion Gd3+ doped BCZT ceramics have significantly enhanced compared to the undoped BCZT ceramics. 
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The therapeutic strategy attacking double key site of the tumor cells (i.e. both mitochondria and nuclei) to achieve 

enhanced anticancer efficacy was attracting much attention. Calcium-based nanoparticle was a potential nanocarrier 

for drug delivery and tumor therapy. Hydroxyapatite (HAP), a hydroxylated calcium phosphate-based material which 

could be used as drug carrier to load drugs by means of adsorption, has long been known for its excellent 

biocompatibility, non-toxicity and non-mutagenicity. HAP nanoparticles could induce apoptosis of the tumor cells by 

a mitochondrial pathway, and also enter into the nuclei to impede the proliferation of tumor cells. However, lacking 

of active targeting effect, drug burst release, aggregation and low water-solubility limited the application of HAP 

nanoparticles in the field of drug delivery. In our studies, biocompatible and water-soluble functional materials such 

as tumor targeted peptides and hyaluronic acid were designed to coat on the surface of HAP nanoparticles by covalent 

bond to improve water solubility of HAP nanoparticles and facilitate its tumor targeting delivery. Furthermore, 

stimuli-response drug release from the nanoparticles based on the tumor microenvironment was expected to enhance 

the in vivo efficacy of HAP nanoparticles. Such functional materials modified HAP (HAP-FM) nanoparticles were 

used for the delivery of doxorubicin (DOX) to liver tumor to enhance the therapeutic effect of DOX by mitochondrial 

and nuclei dual-targeted strategy and reduce the side effects of chemotherapy. Our study showed that DOX-loaded 

HAP-FM nanoparticles exhibited good stability, favorable biocompatibility and the obvious distribution of DOX in 

both mitochondrial and nuclei of tumor cells as well as good antitumor efficacy with reduced the DOX-induced 

toxicity. In conclusion, HAP-FM nanoparticles were promising targeted nanocarriers for tumor therapy of antitumor 

drugs. 
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Tetrapyazinoporphyrazines (TPPs), which have similar structure and properties with phthalocyanines, are remarkable 

compounds possessing photophysical, semiconducting, and photoconducting properties due to their 18π-electron 

aromatic macrocyclic structures. The solubility of TPP in various solvents is critical for application in PDT. However, 

many TPPs are not soluble in common organic but also aqueous solvents. Peripheral or axial substituents such as long 

alkyl, alkoxy, and other bulky groups can improve the solubility of tetrapyrazinoporphyrazines [1]. In this study, we 

synthesized asymmetric A3B-type TPP Zn complexes incorporating bornanes and carbohydrate units, β-D-glucose 

and β-D-galactose, to investigate important properties with applications in PDT sensitizers. The synthesized 

compounds did not show aggregation in DMSO and were slightly soluble and aggregated in water. Future testing of 

the TPPs complexes against different cancer cell lines is being progressed to determine their potential targeting 

selectivity. 
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Recent researches in membrane which coexisting with microfiber and nano-net have introduced various materials and 

they have been applied to a variety of applications. Particularly, researches in the field of filtration applications have 

been actively carried on because it can observe these phenomena which are transition/free molecular flow regime, 

Brownian diffusion, particle-fiber interactions, aerodynamic slip and sieve to occur that are required for the filtration 

application. Also, in the case of filtration applications using conjugated nano-net and microfiber, they exhibit 

improved mechanical strength and higher filtration efficiency than nanofibers alone. In this study, we report the 

development of conjugated nano-net and microfiber by electrospinning process for filtration application. We 

fabricated the conjugated nano-net and microfiber membrane samples with different content of cellulose nanocrystals 

(CNCs). It was observed that the formation of nano-net between microfibers which was affected by content amount 

of CNCs and the optimum CNC amount could be determined by this experiment. And the nano-net thus formed has 

an influence on the performance of the filtration application. We compare the characteristics of each samples and 

effectiveness as filtration applications were verified by the following experiments.  The morphology of samples was 

characterization with a Field emission scanning electron microscopy (FE-SEM) and the diameter of fibers was 

presented as mean diameter±standard deviation. The structural characteristics of samples was performed with Fourier 

transform infrared spectroscopy(FT-IR), Universal testing machine(UTM), and Thermogravimetric analysis(TGA). 

And to measure the efficacy as filtration application, we fabricate the filter samples on nonwoven fabric and pressure 

drop and quality factor for all tested filter samples was measured. Finally, excellent properties of prepared conjugated 

nano-net and microfiber could be effective for filtration application and we expect them to overcome the limits of 

filtration application using nanofibers. 
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Cetylpyridinium chloride (CPC) is a cationic quaternary ammonium compound with antiseptic properties, typically 

used in mouth rinses and tooth pastes. While CPC could theoretically provide antibacterial properties to dental 

materials, such as dental adhesives, cements and composites, a main difficulty is its limited release in particular after 

curing [1]. We developed rechargeable CPC-loaded montmorillonite (CPC-Mont) in order to ensure a long-term 

antibacterial effect. In this study, we characterized CPC-Mont and investigated the anti-bacterial efficacy of CPC-

Mont added to PMMA resin. 
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Microcompounders are the most common compounding machines for making polymer composites. The torque 

rheometry is an effective tool for predicting the processing characteristics of thermoplastic polymers. It provides 

continuous monitoring of torque and temperature data during compounding which is a measure of processability. In 

this work, we have studied the influence of processing parameters on the dispersion degree of an anthracene derivative 

in polystyrene matrix with respect to the rheological, structural, and optical properties and to develop an approach for 

the rapid analysis of the progress of dispersion. An anthracene derivative, AMA, was synthesized as a tracer. The 

chemical structure of the synthesized AMA was confirmed by 1H-NMR and thermal properties were examined by 

DSC. In addition, a blend of polystyrene and AMA was spin-coated on the film, and heat and oxidation stability were 

confirmed by UV measurement. The film was prepared by mixing PS and AMA through a microcompounder, and the 

dispersibility was confirmed by SEM and UV measurement. AMA were indicated high thermal and oxidation stability. 

By using microcompounder, the polymer blend with the AMA tracer was mixed and it was visually indicated by 

fluorescent images. 

Keywords: Microcompounder, Polymer Blend, Tracer, Processability 
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Composite materials are commonly used in critical aerospace applications.  They exhibit a complex failure behavior 

that is in general interaction of in plane failures and delamination of layers. In plane failures occur as matrix cracks 

and fiber breakage. Depending on the type of loading, a complex interaction of different failure modes are observed. 

Analytical tools are not mature enough to account for that behavior. Thus determination of load carrying capacity of 

composite structures are primarily based on test data in aerospace industry. Peridynamic theory that is proposed by 

Dr. Silling is capable of simulating crack growth in both isotropic and orthotropic media [1]. Peridynamic Theory 

(PD) is a nonlocal version of Classical Continuum Mechanics. In PD, equations of motion is formulated using 

interactions of material points in a finite horizon. By that aspect, PD resembles to molecular dynamics.  

In this study, a PD Orthotropic plate formulation is proposed to capture in plane failure modes of composites. PD 

estimation of crack propagation in 450 oriented 1m x 1m orthotropic plate with a thickness of t=0.05 m under bending 

loading is illustrated in Fig.1.  

 

Figure 1 PD Prediction of Crack Propagation in 450 ply under bending loading  

 Interlayer interactions of different plies will be added to plate formulation to consider both in plane and out of plane 

failures in composite materials. The formulation will be validated with experiments from literature. 
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Immobilization of nanoobjects on the surface of underlying material belongs to current issues of material science [1]. 

Such altered materials exhibits completely exceptional properties exploitable in a broad spectrum of industrially 

important applications ranging from catalysts up to health-care industry. In this work we present unique approach for 

immobilization of electrochemically synthesized silver nanoparticles on polyethyleneterephthalate (PET) foil which 

lies in physical incorporation of particles into thin polymer surface layer induced by polarized excimer laser light. 

Changes in chemical composition and surface structure of polymer after particle immobilization were recorded by 

wide range of analytical techniques such as ARXPS, EDX, RBS, AAS, Raman, ICP-MS, DLS, UV-Vis, SEM, TEM, 

and AFM. Thorough analysis of both nanoparticles entering the immobilization step as well as modified PET surface 

allowed revealing the mechanism of immobilization process itself. Silver nanoparticles were physically embedded 

into a thin surface layer of polymer reaching several nanometers beneath the surface rather than chemically bonded to 

PET macromolecules. Laser-implanted nanoparticles open up new possibilities especially in the development of the 

next generation cell-conform antimicrobial coatings of polymeric materials, namely due to the considerable 

immobilization strength which is strong enough to prevent particle release into the surrounding environment. 
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Epidermal growth factor (EGF) is widely recognized to be involved in the regenerative process, but only a few studies 

document its effect on acute wounds when EGF release is sustained over a period of time by encapsulation in an 

emulsion based hydrogel. Among hydrogels, hyaluronic acid (HA) is a promising carrier because it is biodegradable 

and known to bind to the components of the ECM which undergoes remodeling during regeneration. Coupled with 

EGF in micro-particulates, it may serve to directly deliver the cytokine to the impaired ECM to stimulate cells for 

ECM remodeling. In this study, we demonstrate a very simple and effective way to produce EGF conjugated HA 

microspheres for the purpose of targeted and sustained EGF delivery to damaged ECM in acute wounds. This approach 

is advantageous due to its simplicity which may serve to accelerate research in wound regeneration and relevant drug 

discovery. 
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Corrosion of steel reinforcement and subsequent degradation of reinforced concrete structures, subjected to aggressive 

environment, represents a major concern in relation to infrastructure durability. In this regard, there is an increasing 

need of improving civil structures performance by using new materials with specifically tailored properties, 

establishing optimum regimes of construction and maintenance and ideally, making use of possible self-repair or self-

healing in these structures in the event of detrimental influence and/or internal damage. 

Gaining control or altering materials’ behaviour at the nano-level results in traditional materials with radically 

enhanced properties. Nevertheless, nano-technology applications are still rare in construction, which would otherwise 

break new ground in the engineering practice. A recent approach to control corrosion-related ageing of materials and 

structures was based on the synergetic action of electrochemistry, cement chemistry and nano-technology. The 

approach proved to be realistic, resulting in encouraging and unforeseen possibilities. The application of polymeric 

nano-materials to simultaneously control electrochemical phenomena at the steel surface and pore network 

development of the bulk cement-based matrix was studied. Among other formations, specific nanocarriers i.e. 

polymeric micelles and vesicles, were employed. This contribution presents the main concept of employing polymeric 

nanocarriers for reinforced concrete structures and briefly reviews some main outcomes of this research. 
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Green synthesis of nanomaterials has received increasing attention as an eco-friendly technology in materials science. 

Here, we have used two types of extractions from green tea leaf (i.e. total extraction and tannin extraction) as reducing 

agents for a rapid, simple and one step synthesis method of mesoporous silica nanoparticles (MSNPs)/iron oxide 

(Fe3O4) nanocomposite based on deposition of Fe3O4 onto MSNPs. MSNPs/Fe3O4 nanocomposite were characterized 

by X-ray diffraction, Fourier transform infrared spectroscopy, scanning electron microscopy, energy dispersive X-

ray, vibrating sample magnetometer, N2 adsorption, and high-resolution transmission electron microscopy. The 

average mesoporous silica particle diameter was found to be around 30 nm with high surface area (818 m2/gm). 

MSNPs/Fe3O4 nanocomposite was used for removing lindane pesticide (an environmental hazard material) from 

aqueous solutions. FTIR, UV-vis, High-performance liquid chromatography and gas chromatography techniques were 

used to confirm the high ability of MSNPs/Fe3O4 nanocomposite for sensing and capture of lindane molecules with 

high sorption capacity (more than 89%) that could develop a new eco-friendly strategy for detection and removing of 

pesticide and as a promising material for water treatment application. 
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Mechanical properties of titanium based bulk metal glass (Ti-BMG) are investigated experimentally, in which tensile 

and fatigue test are carried out. To understand the mechanical characteristics of the Ti-BMG clearly, those properties 

of three commercial crystalline materials (64-Ti: titanium alloy, A5056: aluminum alloy and S45C: medium carbon 

steel) are also investigated. The ultimate tensile stress of Ti-BMG is about 1400MPa, which is about 30% higher than 

that for the crystalline 64-Ti, and more than 200% higher than that for other conventional metals. Due to amorphous 

structure of Ti-BMG, no clear plastic deformation is detected while severe plastic deformation can be seen for the 

crystalline metals. In contrast, the fatigue strength of the Ti-BMG drops sharply in the later fatigue stage and the 

fatigue limit for Ti-BMG is the lower than that for the commercial metals, even though the high tensile strength is 

obtained for Ti-BMG. Furthermore, to examine the fatigue properties of Ti-BMG in detail, fatigue crack growth 

properties are investigated together with 64-Ti. The obtained crack growth characteristics are different trend, e.g., the 

low crack growth resistance is obvious for Ti-BMG compared to that for 64-Ti. Because the roughness of the fatigue 

fracture surface of 64-Ti is twice as high as that of Ti-BMG (namely different extent of crack closure), the high crack 

driving force is obtained for Ti-BMG, leading to the high crack propagation speed or the low fatigue strength. 
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Shape memory polymers on the basis of reversible supramolecular interactions have invoked growing research 

interest, but still suffer from limitations such as poor mechanical strength and finite shape memory performance.1,2 

Here, we present a novel mechanical stretchable supramolecular hydrogel with triple shape memory effect at 

macro/micro scale. The introduction of double network concept into supramolecular shape memory hydrogels endows 

them with excellent mechanical properties. Design of two non-interfering supramolecular interaction systems of both 

dynamic phenylboronic (PBA)-diol ester bonds and the chelation of alginate with Ca2+ endue the hydrogel with 

outstanding triple shape memory functionality, as shown in Figure1.3 

 

Figure1 the scheme of triple shape memory effect 

Keywords: Supramolecular hydrogel, triple shape memory effect, good mechanical properties 
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Immobilizing molecular switches within materials can give rise to new bulk 

properties that are useful for a variety of applications. Here, we report the 

preparation of amorphous and crystalline viologen-based extended networks 

with controlled morphology. The viologens allow access to three distinct 

redox states: dicationic, radical-cationic and neutral. With viologens in their 

dicationic state, the particles were used for inkless printing, gaseous amine 

sensing, and efficient oxoanion capture. With viologens in any oxidation 

state, the materials were capable of (200-400 wt %) vapor iodine capture. 

Iodine capture within these newly developed systems was fast, requiring 

minutes, compared to capture by previously reported materials that typically 

takes hours. With viologens in their neutral state, the polymers exhibited the 

highest iodine loadings reported to date. Upon one and two-electron 

reduction, the polymers lose partially or completely their cationic character 

and therefore their anion removal capability. 

 
1. Radical-Cation Dimerization Overwhelms Inclusion in 

[n]Pseudorotaxanes 
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Figure 1. SEM micrograph of Viologen-based 

polymers in (a) oxidized state, (b) radical 

cation form and (c) fully reduced state. 
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The performance of bulk heterojunction organic solar cells made of conjugated polymers/oligomers and fullerenes 

has significantly improved in the last few years (with PCE exceeding 10%).1 Experiments suggest that the 

intermolecular interactions between polymers and fullerenes are critical to the design of (even) more efficient organic 

photovoltaic cells.2 However, a detailed understanding of these intermolecular interactions is still lacking. In this work, 

we employ dispersion corrected density functional theory (DFT) methods, wB97xD, B3LYP-D3, B97D3, and 

PBE1PBE-D3, to investigate the properties of these heterogenous interactions in various promising oligomer/fullerene 

combinations (e.g. a pair of PC71BM and a copolymer based on thieno[3,4-b]thiophene/benzodithiophene (PTB7)3, 

PCBM and a copolymer based  on 2,7-carbazole/dithienyl-2,1,3-benzothiazole (PCDTBT)4, and PC71BM and a 

copolymer based on difluorobenzothiadizole/quaterthiophene (PffBT4T-2OD)1). In particular, we determine and 

analyze the conformational and electronic structures, and binding energies of these combinations. We obtain the most 

preferred orientations of oligomers with respect to fullerenes and analyze the connection between their electronic 

structures and device performances. Using binding energies, we assess the strength and stability of the 

oligomer/fullerene intermolecular interactions. Finally, we investigate the effect of (linear and branched) side-chains 

of oligomers on the binding energies of these combinations.  

Keywords: Polymer/Fullerene Interactions, Organic Solar Cells, DFT  
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Flexible nanocomposites with high permittivity (εr), low loss and high voltage breakdown strength are highly desired 

in microelectronics, medical instruments, and hybrid electric vehicles etc. Miniaturization of the electrical and 

electronic systems calls for materials with improved permittivity and energy storage density. The conventional 

polymer-based composites containing dispersed ceramic particles suffer from low permittivity (mostly <50) even with 

a high filler loading (>50vol%). In this study, by constructing a 3D-network of high-εr ceramic fillers in the 

polyvinylidene fluoride (PVDF)-epoxy matrix, composites with an ultra-high permittivity of over 200 and a low loss 

of less than 0.1 were obtained with the inorganic filler loading of only 30vol%. The energy storage density was 

enhanced by more 5 times larger in comparison with the polymer matrix. BaTiO3 (BT), SrTiO3 (ST) and BT-ST 3D-

network were constructed and the properties of their corresponding composites including dielectric performance, 

energy storage density and discharge-charge efficiency were compared and analyzed.     
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Advanced magnetic refrigerants like La(Fe,Si)13 require large entropy and adiabatic temperature changes connected 

with the phase change and hysteresis. In order to advance their incorporation in prototypes and industrial applications, 

low cost, high performance, single phase materials are needed. In this work, LaFe11.5Si1.5 starting powders were mixed 

and ball milled for 2 hours and sintered at the temperatures 900 oC, 1150 oC, and 1250 oC for 0.5 h. Eventually, the 

sintered pellets were crashed and milled in a planetary ball mill for 0.5 hour and sintered at 1150 oC and 1250 oC for 

1 h, 2 h, and 5 h to find optimum processing conditions for the single phase material production. X-ray diffraction 

analysis confirmed that almost single phase 1:13 was obtained by annealing at 1150 oC for 0.5 h and with the ball 

milling time 1 h. The study of the micro-structural observation by optical and scanning electron microscopy showed 

a uniform microstructure of these samples. SEM by EDX analysis of this material showed a uniform chemical 

composition in various locations on the pellet surface. These results implied that a proper sintering temperature 

combined with ball milling are crucial for obtaining the single 1:13 phase of La(FeSi)13 material by a simple scalable 

solid state sintering method. 
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Carbon felt is a widespread material for electrodes in redox flow batteries, fuel cells etc. Its regnant use is determined 

by the numerous affirmative properties such as sufficient electrical conductivity, hydraulically permeable structure 

and significant superficial surface as well as the ability to endure strong acids and alkali solutions comprising the most 

of well-known batteries electrolytes. Bonded together relatively long carbon filaments compose its internal 

framework, which represents a cluster of narrow twisting channels with significantly varying cross-section. Therefore, 

hydraulic permeability of a felt is similar to that of a porous media and is determined by a ratio of internal empty 

volume regarding entire volume as well as by the arrangement of carbon fibers. Felt electro-conductivity is ensured 

by the concentration of carbon filaments though mostly by the density of electrical interconnections between fibers. 

Both of these properties are extremely important for the efficient activities of electrochemical appliances where carbon 

felt comprises electrodes. However aiming to improve electrode conductivity and electrical contact between felt to 

substrate of electrodes a designer has to squeeze carbon felt to some extent. Unfortunately, felt squeezing immediately 

decreases hydraulic permeability of electrodes owing to diminishing empty volume and cross-sections of intrinsic 

channels. Therefore, both of these properties are contradicting one to another under compression.  

Designer of a specific electrochemical system has to take into account this circumstance for providing optimal 

development of electrochemical cell. The task is complicated by the fact that both of these characteristics depend on 

physical parameters of electrolyte such as its density and electrical permittivity. The last as it seems can influence the 

density of interconnections between carbon filaments. Consequently, electrical and hydraulic parameters of carbon 

felt need to be tested in different environmental conditions. 

Presented article provides the results of measurements of carbon felt electrical conductivity like a dry and immersed 

in several non-conductive liquids having various electrical permittivity. Hydraulic permeability was evaluated by the 

water flow having a given temperature through carbon felt and induced by different pressure. It is enough since this 

parameter for other liquids and other conditions could be recalculated using well-known relations.  

Keywords: Carbon felt, electrical conductivity, hydrodynamic permeability. 
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Fig. 1 The fabrication of core-double-shell structured GNs-HAP-PBO nanocomposites 

Keywords: PBO, graphene, dielectric constant, energy density, nanocomposites 
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Soft electroactive materials are one of the most representative soft matter, becoming increasingly important in 

advanced electronic devices, such as artificial muscle and flexible wearable sensing suit [1-2]. However, due to the 

inherent electromechanical coupling and nonlinear large deformation, it’s not easy to theoretically predict its responses 

in practical applications and accurately characterizing their properties in scientific experiments.  

On the other hand, the breakthrough in piezoresponse force microscopy (PFM) and other electromechanical scanning 

probe microscopes (SPMs) [3] may enlighten us a robuster way to obtain the properties of soft electroactive materials. 

Accordingly, the pressing demand of efficient theoretical models catering for such new indentation techniques must 

be prudently considered where, in contrast to hard materials, the adhesive effect is quite indispensable at nano-scale. 

[4] 

In this report, we focus on the adhesive contact between a pre-deformed compressible soft electroactive half-space 

and a rigid axisymmetric indenter. Unlike the published work [5], the adhesion in the contact is considered by using 

a modified JKR model [6, 7]. With the help of new results of potential theory method in piezoelectricity [8], all 

physical quantities are expressed in terms of elementary functions, especially for three common types of indenter (flat-

ended circular, conical, and spherical). Moreover, instability of an electroactive half-space subject to large deformation 

is also investigated carefully under diverse electrical boundary conditions, which is necessary to explain the critical 

phenomenon observed in the contact load-depth relations. 

For illustration, numerical results are presented for a compressible electroelastic neo-Hookean model. The present 

theoretical analysis is first verified by comparing with facile FEM simulations. Second, for the instability of the half-

space, a tiny difference in the curve of critical stretch is observed between the electrically conducting boundary 

conditions and the insulating ones. Third, some results for spherical and conical indentations are given and discussed, 

which incidentally indicates significant influence of adhesion on the contact at nano-scale.  

Keywords: Soft electroactive material, indentation, adhesive effect, buckling instability 
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Specimen preparation is one of the most important processes; and to achieve reliable measurements, the specimen is 

needed to fixed on a substrate and to satisfy the placed requirement through applying a polycationic adhesive coating 

on the substrate. Thus one side of the specimen could be observed, but the adhered side facing the substrate cannot be 

measured, especially when the scanning probe microscope is applied to measure elevation contour. We develop a 

three-dimensional device containing a functional buffer (or liquid) which can take on the specimens and trap single 

particle (or cell). The functional buffer is triggered by the traveling wave dielectrophoresis, and thus one single particle 

is trapped in the dielectrophoretic force filed with slowly rotation. The dielectophoretic fore filed is constructed by 

five electrodes within hundreds of microns, and it includes the conventional dielectrophoretic force and the traveling-

waved dielectrophoretic force. This total dielectrophoretic force could apply a force and a torque to the target subject 

without contacting the subject directly. Thus the particle can translate or rotation with certain paths in three-

dimensional space when we applying functional commands. Thus the adhered side of the particle could be rotated and 

measured. Numerical simulation contained the finite element method analysis is presented to predicted the particle 

translating and rotating paths, and the experimental tests of the functional buffer of the device also demonstrate the 

specimen’s translation and rotation in certain paths.  
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 We present a thorough analysis of one- and two-color transient absorption measurements performed on single- and 

double-walled semiconducting carbon nanotubes [1, 2]. By combining the currently existing models describing 

exciton–exciton annihilation—the coherent and the diffusion-limited ones—we are able to simultaneously reproduce 

excitation kinetics following both E11 and E22 pump conditions. Our simulations revealed the fundamental 

photophysical behavior of one-dimensional coherent excitons and non-trivial excitation relaxation pathways. In 

particular, we found that after non-linear annihilation a doubly-excited exciton relaxes directly to its E11 state 

bypassing the intermediate E22 manifold, so that after excitation resonant with the E11 transition, the E22 state 

remains unpopulated. A quantitative explanation for the observed much faster excitation kinetics probed at E22 

manifold, comparing to those probed at the E11 band, is also provided.  Effects caused by multiparticle scattering on 

the linear and nonlinear spectral properties of graphene are also theoretically discussed.  
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A multilayer magnetoelectric (ME) composite with a high ME coefficient is proposed based on YIG/Terfenol-D/PZT 

structure. The equivalent circuit approach, which is based on the constitutive equations and the motion equations in 

the piezoelectric and magnetostrictive layers, was used to analyze the ME effect of the ME composite. The ME 

coefficient of the YIG/Terfenol-D/PZT structure is higher than one of the YIG/PZT structure because of the giant 

magnetostriction of the Terfenol-D interlayer and the exchange coupling action in the YIG/Terfenol-D bilayers. The 

exchange coupling action was discussed via calculating the free energy of the YIG/Terfenol-D bilayers on the based 

of the minimum energy principle, and the magnetization Ms of the YIG layer followed the one of the Terfenol-D layer 

due to the exchange coupling action. The magnetization Ms of the Terfenol-D layer was changed by the ME effect of 

the Terfenol-D/PZT layers. Combined the ME effect and the exchange coupling action, the external electric field could 

change the direction of the YIG magnetization Ms, which influences the ferromagnetic resonance (FMR) of the YIG 

layer. Therefore the YIG/Terfenol-D/PZT structure can be used to build an electric and magnetic field dual-tunable 

microstrip filter with a wide electric-adjustable range. Fig. 1 shows that a larger defection angle in the YIG of 

YIG/Terfenol-D/PZT is changed than the one of YIG/PZT by the electric field on the PZT. For the giant 

magnetostrictive Terfenol-D layer joins, the ME coefficient of YIG/Terfenol-D/PZT is higher than the one of 

YIG/PZT. 

 

Fig.1 The direction of the YIG magnetization Ms in the YIG/Terfenol-D/PZT and YIG/PZT vs. the external electric field on PZT 
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Two-dimensional nanocomposites with magnetic and optical properties were investigated for novel magneto–optical 

(MO) applications. Such MO effect could be induced and enhanced by synergic property with magnetic and plasmonic 

coupling. In this study, magnetoplasmonic graphene (MPGRP) decorated with Au nanoparticles (NPs) and magnetic 

NPs (MNPs) was simply prepared as 2D MO active material. This MPGRP exhibited superparamagnetic behaviour 

at room temperature and strong MO activity resulting from magnetic spin from the MNPs and electron spin from the 

Au NPs on one graphene sheet, which is beneficial for memory or optoelectronic devices, sensing platforms, energy 

harvesting, and biomedical MO devices. 
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Using first principle calculations, we have constructed three structurally stable phases of MoSe2 i.e., trigonal prismatic 

phase (h-MoSe2), octahedral coordinated phase (t-MoSe2) and square octagon phase (so-MoSe2). We have studied the 

electronic and mechanical properties of these phases. The h-MoSe2 is a semiconductor while the other two are metallic. 

Also the so-MoSe2 phase depicts a Dirac cone like feature at its Fermi level. In order to check the mechanical strength 

we have calculated the stress-strain relation for these structures. Also the in-plane stiffness, poisson's ratio and young's 

modulus have been calculated for these phases as these parameters are the ones the charactrizes the mechanical 

flexibility of the sheets. For t-MoSe2, we found anisostrpic mechanical strength while for the other two structures it is 

found to be isotropic. These interesting properties could find important applications in the area of nanoelectronic-

device fabrication. 
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Recently, many research groups have studied creating three-dimensional (3D) structures by micro and nanoscale 

fibrous membranes for tissue engineering applications. Conventional electrospun scaffolds have significant problems 

such as poor cellular infiltration and difficulty in filling three-dimensional volumes. In this study, we fabricated poly 

caprolactone (PCL)/ Cellulose acetate (CA) composite nanofibers by electrospinning. To improve biocompatibility 

and water uptake property, samples were prepared with different PCL/CA ratios (100/0, 70/30, 50/50, 30/70) and 

filled in different molds. The thin PCL/CA nanofibrous membrane becomes a 3D structure by convenient physical 

treatments, i.e. via orbital shaker and ultra-sonicator. The pore size and nanofiber diameters before and after treatment 

was compared by scanning electron microscopy (SEM) images.  The characterizations of 3D nanofibrous scaffolds 

were fulfilled by Fourier transform infrared spectroscopy (FT-IR) and thermogravimetric analysis (TGA). To evaluate 

biocompatibility and infiltration of cells, we seeded fibroblasts (NIH-3T3) on the electrospun nanofibrous membranes 

by using CCK-8 analysis and confocal laser scanning microscopy. The convenient 3D nanofibrous scaffold fabricated 

herein can be applied in tissue engineering. 
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Carbon foams were prepared by facile method without stabilization from CMC composites of biopolymer obtained 

according to various EBI doses and CA concentration. Gel fraction to study cross-linking degree in CMC increased 

with the increase of CA concentration and EBI doses between 20 kGy and 80 kGy. Among samples, CMC composite 

with 4 wt% CA via 80 kGy represents the highest gel fraction value of about 98%, showing the highest carbon yields 

and compressive strength due to lower break defects after carbonization by the increase of cross-linked parts in carbon 

foam obtained from CMC composites with 4 wt% CA via 80 kGy. In addition, BET analysis for carbon foam obtained 

from CMC composite with 4 wt% via 80 kGy was also observed the highest specific surface area of 372.06 m2/g and 

adsorption pore size of 2.20 nm by interaction of the more gas with further carbon atoms. 

*Author to whom correspondence should be addressed. 
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The ZnCoO/2D (graphene, B-doped graphene and MoS2) hybrids have been synthesized successfully by a facile 

chemical process, respectively. The structure, morphology, and chemical composition of the as-prepared hybrids are 

characterized by HRTEM, XRD, XPS and Raman techniques. It can be found that these hybrids consist of wurtzite 

ZnCoO and 2D materials without the impurity phase. The ZnCoO/graphene and ZnCoO/B-doped graphene hybrids 

show quasi-core-shell structure [1]. The p-n junction is formed in ZnCoO/B-doped graphene hybrid. These hybrids 

display diverse magnetic and optical properties due to the different surface modifications by the 2D materials. 

Antiferromagnetic, paramagnetic and superparamagnetic properties can be found in these hybrids. Particularly, a 

significantly enhanced photoluminescence (PL) phenomenon is observed in the ZnCoO/MoS2 hybrid at room 

temperature. The temperature-dependent PL experiments verify that the origin of this emission band can be attributed 

to the intra-center optical transitions of the Co2+ ions in ZnCoO core. The diverse magnetic properties and the enhanced 

PL phenomenon suggest the existence of the significant interplay between the ZnCoO and the 2D materials[2]. These 

tunable optical and magnetic properties have a promising application in multi-functional ZnCoO–based semiconductor 

and spintronic devices. 

Keywords: Surface modification, ZnCoO, 2-dimensional (2D) material, magnetic property, photoluminescence 
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Herein, we present our recent work on design of a series of self-assembled hierarchical nanomaterials at micro/nano 

scale, which their activity and stability can be greatly enhanced. Firstly, hierarchical micro-meso-macroporous 

materials with zeolite architectures have been designed and synthesized by using self-assembly method [1, 2]. These 

materials exhibit high activity and high stability in catalysis, which can be attributed to the unique and stable 

hierarchically porous structure. 
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Graphene, an atomic monolayer composed of the honeycomb structure with sp2 hybrid has attracted increasing 

attention. The unique two-dimensional (2D) structure and excellent chemical and physical properties of graphene have 

made it a promising candidate for a broad range of application in many fields. However, the irreversible agglomeration 

or restacking of graphene sheets severely suppress its intrinsically high conductivity, reduce its mechanical strength 

and diminish its accessible surface area. One effective method to tackle this challenge is to engineer a graphene 

material in which individual graphene sheets are bonded together to construct three-dimensional (3D) networks. On 

the other hand, the applications of graphene-based materials in energy, environment, sensing and biology also require 

assembly of 2D graphene into 3D architectures to achieve high specific surface areas, strong mechanical strengths and 

fast mass and electron transport kinetics. Owing to the ease of preparation and processing, chemical exfoliation of 

graphite oxide has been used for integration of 3D macroporous structure of graphene. However, the chemically 

derived graphene shows poor electrical conductivity owing to severe defects in graphene sheets introduced during 

exfoliation and reduction processes. Recently, chemical vapor deposition (CVD) has been performed to grow large-

area and high-quality 3D graphene networks using methane as the carbon source. However, the decomposition 

temperature of methane is generally 1000℃ even with catalysis of metal substrates. Such a high temperature may 

damage metal structure when its dimension is down to micron level due to drastic atomic diffusion. In this work, we 

use camphor to grow 3D graphene macroscopic structure on nickel foam by template-directed CVD. Usually, PMMA 

is required to prevent graphene from collapsing during the metal templates etching process. The residue of PMMA 

will contaminate graphene and there is so far no way to completely remove PMMA on graphene without damage its 

structure. For our grown 3D graphene, no PMMA is required to act as the support layer during nickel etching. Except 

the partial slight cracks of outmost graphene, other graphene inherits the continuous and interconnected 3D scaffold 

structure of nickel foam. All the graphene sheets in the 3D macroscopic structure are in direct contact with one another 

and well separated, indicating high quality of 3D graphene networks.    

Acceptance ID: NZMU-O 

  

mailto:xh_cheng@mail.sim.ac.cn


 

 166 

Transparent nanofiber composites for organic electronics 

 

Hak Yong Kim and Su Hyeong Chae 

 

Department of BIN Convergence Technology 

Chonbuk National University, Jeonju 561-756, South Korea 

Transparent nanofiber composites were successfully synthesized by easy electrospinning technique. The keratin was 

extracted from discarded wool hair by the sulphitolysis process and the glyoxal solution was used as a cross-linking 

agent. Discarded wool hair based keratin/poly(vinyl alcohol) blended nanofibers (WH/PVA NFs) were fabricated via 

electrospinning technique and characterized by several techniques.  The resulting WH/PVA NFs composite mats 

showed good uniformity in fiber morphology and suitable mechanical strength. More importantly, composite 

nanofiber with excellent optical transmittance were achieved by a simple water treatment called 'dip and dry' process. 

In order to study the transparent property of optically transparent NFs for applying in transparent wearable devices, 

we fabricated a transparent flexible Organic Photovoltaics (OPV) substrate. The obtained results showed that the 

WH/PVA NF composites could be considered as a potential candidate in transparent wearable devices. This study 

suggests a simple approach to utilize a waste material in an eco-friendly way for electronics applications. 
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The application of soft, programmable material, making and machines that integrate with creative design principles 

to engage and unlock a broad set of opportunities and application spaces addressing human centred needs, habits and 

behaviours. 

We question how best to probe, interrogate, explore, interpret and demonstrate tangible material benefits that 

contribute to improved ways of living in both urban and rural/remote environments and communities and have 

developed a framework approach based on ‘Pasteur’s Quadrant’ coupled to a creative and social design practice to 

generate a distinct pathway towards realisable societal and economic product and service solutions. 

In particular, how best to design with purpose. Exploring programmable materials and new fabrication tools that builds 

across multiple length scales that are both familiar and experiential. 

Examples will be illustrated with evidence based Natural and Responsive material systems including shape memory 

applications for everyday living and new uses of polysaccharides including nano cellulose, chitosan and novel 

biocomposites. 

The processes of knowledge acquisition, interpretation and demonstration is undertaken by a well equipped group of 

innovators which is highly multidisciplinary in form. New results pertaining to the future of paper will be discussed 

and illustrated with material examples. 
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In recent years, tremendous research efforts have been attempt to design excellent performance composites through 

incorporating carbon materials with conducting polymers and transition-metal oxides/hydroxides. NiO or Ni(OH)2 is 

a promising electrode material in alkaline electrolyte due to its high theoretical specific capacitance, low toxicity and 

cost, but it is still subjected to poor conductivity, large particle size and particle aggregation during a charging-

discharging process. Therefore, NiO or Ni(OH)2/carbon-based composite has been intensively explored. Graphene 

has been regarded as an ideal EDLC electrode material owing to its high specific surface area and good electrical 

conductivity, but it is very expensive and has a tendency to re-stack back to graphite. Expanded graphite (EG) has 

been commercialized with illegible cost compared to graphene, and it possesses wider interlayer spacer than graphite. 

In this work, we address several routes to use inexpensive EG as the starting subtance, then layered Ni(OH)2/graphene 

composites were synthesized by electrochemical depositition, microwave-assistant heating precipitation and 

hydrothermal methods. These procedures are simple, cost effective, environmental friendliness, and easily scaled-up. 

With carbon nanotubes (CNTs) as the conductive additive, the schematic structure of the final composite is shown in 

Fig. 1. 

 
Fig. 1 Schematic structure of Ni(OH)2/graphene-CNTs composite. 

The obtained layered Ni(OH)2/graphene-CNTs composite exhibits a maximum specific capacitance of 1580 F g-1 at 1 

A g-1 in 6 M KOH, due to the adequate utility of electroactive specific area of graphene and Ni(OH)2 with smaller 

particle size. After 3000 cycles at scan rate of 100 mV s-1, 90 % specific capacitance was retained, this is mainly due 

to EG could effectively prevent Ni(OH)2 nanoparticles from aggregation and CNTs construct a network-like electrode. 

These results indicate that the Ni(OH)2/G has a promising application for supercapacitor. 
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Recently, multiferroic manganites have attracted a great deal of attention both theoretically and experimentally [1-3]. 

Hexagonal YMnO3 is the most extensively studied multiferroic material among all hexagonal manganites, which 

possesses magnetism and ferroelectricity simultaneously with a high ferroelectric transition temperature (~900 K) and 

a low antiferromagnetic transition temperature (~70 K). Accordingly, we have been devoted to exploring the 

possibility of tuning magnetic transition (Néel) temperature towards the room temperature functionality of YMnO3 

thin film [3]. The objective of the work is to study La-substitution doping effects on electronic structures and magnetic 

transition temperature in the hexagonal YMnO3 superlattice films with first-principles method. Based on the density 

functional theory, we calculated the formula Y1−xLaxMnO3 (x = 0, 0.167, 0.333 and 0.5) and pay attention to the lattice 

constants and the substitution energy. The monotonous evolution of the parameters suggests a random distribution of 

the La atom on the Y-sites whatever x (0  x  0.5) preserves the YMnO3 hexagonal structure, but the substitution 

energy (per La atom) will do not change monotonously and have a minimum with doping dependence x increasing. 

When x=0.167, the value of substitution energy is negative and favorable as compared to other doping dependences. 

Then, we choose the nominal doping dependence (x=0.167) to study the doping effect on the electronic structures and 

magnetic state transitions of hexagonal YMnO3 films. As results, we found that the substitution doping effects on 

magnetic transition temperature depend on the interface strain types in the hexagonal YMnO3 films, which provides 

possibilities to improve the multiferroic properties of hexagonal YMnO3. 

Acknowledgments: This work is supported by the National Natural Science Foundation of China (NSFC) (51231007, 

51171190 and 51371176), the Special Program for Applied Research on Super Computation of the NSFC-Guangdong 
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Y-type hexagonal ferrite has been studied for magnetoelectric effect in interesting physics properties. Recently, some 

of Y-type hexagonal ferrite single crystal such as Ba0.5Sr1.5Zn2(Fe0.92Al0.08)12O22, and BaSrCo2Fe11AlO22 have been 

extensively studied due to the reduction of the in-plane orbital moment via Aluminum substitution[1]. Therefore, 

BaSrCo2(Fe0.9Al0.1)12O22 polycrystalline sample was synthesized by polymerizable complex method and investigated 

the magnetic properties and hyperfine interaction by using x-ray diffractometer (XRD), vibrating sample 

magnetometer (VSM) and Mössbauer spectrometer. From the refined XRD patterns of BaSrCo2(Fe0.9Al0.1)12O22, the 

crystal structure was confirmed to be rhombohedral structure (space group : R-3m), and lattice constant a0, c0, and 

bulk density were 5.87, 43.55 Å and 5.21 g/cm3, respectively. Base on the field-dependent magnetization curves of 

BaSrCo2(Fe0.9Al0.1)12O22 sample up to 15 kOe at various temperatures ranging from 4.2 to 295 K, showing that sample 

was not saturated and magnetic phase transitions from conicalmagnetic state to ferromagnetic state with increasing 

applied field. The magnetization at 15 kOe (M15kOe) and coercivity (Hc) of BaSrCo2(Fe0.9Al0.1)12O22 sample decrease 

from M15kOe = 24.93 emu/g, Hc = 775.23 Oe at 4.2 K to M15kOe = 21.08 emu/g, Hc = 428.43 Oe at 295 K. We have 

obtained Mössbauer spectra of sample at various temperatures ranging from 4.2 and 700 K. From the analyzed 

Mössbauer spectra, we expect that non-magnetic Al ions preferentially occupy the up-spin site of 18hVI, 3bVI, and 

3aVI. 
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The accumulation of internal defects in materials often results in degraded performance and the prevention of sudden 

material failure has become an important issue in materials research. This study added graphite to cement-based 

materials to investigate conductivity behavior and sensitivity to the effects of pressure. 

This study examined the influence of graphite content on the workability, durability, and mechanical properties of 

concrete using specimens with water cementitious ratios of 0.4. The preparation of specimens containing 4 %, 8%, 

12% and 16 % of the cement was replaced with graphite. We then investigated the influence of graphite content on 

the electrical resistivity of the concrete and conducted cyclic loading tests to determine the relationship between and 

the application of load and the resulting changes in resistivity to indicate the existence and development of internal 

cracking. Our results show that the addition of graphite to concrete significantly reduces fluidity. In addition, the 

compressive strength of the concrete presented a linear decline proportional to the addition of graphite. The addition 

of graphite powder also increased the porosity of the specimens, and the difference in porosity between graphite 

mixtures and the control group increased with age. With regard to resistivity, concrete with 8 % graphite content 

reached the percolation threshold of the concrete, and with an increase in the amount of graphite, resistivity gradually 

decreased. In cyclic loading tests with a fixed load, specimens with 5 % or more graphite content were better able to 

reflect the relationship between loading and resistivity.  

In inclusion, the mixture in which 8% of the cement was replaced by graphite provided the best tradeoff between 

strength and sensitivity to the effects of cracking, making it the best option for practical use in construction. 

Keywords: Pressure-sensitive materials, graphite powder, resistivity change rate, cyclic loading test 
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A hybrid structure of organic-inorganic heterojuctions has been highly expected to realize more flexible design of 

functional devices in opto-electronics and electronics for ubiquitous applications in reality. Especially, with 

tremendous increasing of novel materials, the novel device applications are coming true. Here, we present several 

examples to illustrate the possible strategy of design in phototransistors and ambipolar transistors.  

Organic/Perovskite hybrid thin film transistor photodetectors consist of C8BTBT molecular film and CH3NH3PbI3 

film prepared by two-step vacuum deposition. By implementing perovskite CH3NH3PbI3 film onto the organic active 

layer, the organic/perovskite hybrid photodetector exhibited a photoresponsivity of 33 A/W and fast response time 

and well gate tunable ability. Improvement of photodetection performance is attributed to the balance between light 

absorption in perovskite layer and an effective transfer of photogenerated carriers entering from perovskite into 

organic C8BTBT channel. 

Secondly, as showing large potentials for applications in integrated logic circuits with low power dissipation, wide 

noise margins, and higher robustness, ambipolar transistors have attracted widely attentions in recent. Here, we utilize 

IGZO and organic semiconducting material--DNTT, to fabricated ambipolar transistors. The transistors show balance 

mobilities for n- and p-type channels, in addition, ideal reliability was observed in the prolonged bias stress test. 

Converters based on above were also built up, which showed promising behaviors with gain value as high as 30. The 

organic-inorganic hybrid heterostructures may open up a path way for the flexible design of functional devices and its 

integrations. 
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The purpose of this study is to verify performance through various experiments such as materials, connected parts, 

and real size specimens in order to apply an eco tunnel with curved FRP panels. FRP is checked to apply in many sites 

because of strong points such as high strength, light weight, chemical resistance and need to secure reliability through 

real size test because of low applications, low construction cases, problems with design criteria. This study tested for 

members unit, panel unit and real size specimens and the following conclusions can be drawn. The result of this study 

showed that bond performance and bond length are satisfied through direct tensile test of connected members. It can 

be seen that the connection between pannels can apply the resin bonding method through the small scale model and 

the cross-connection in connected member of fiber direction is better than consecutive connection. Also, sand coating 

in panel improve composite behavior interface of FRP, and concrete and performance of parallel connection is good 

through real size test. 
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Activated carbon, also known as activated charcoal, is a form of highly porous carbon. The highly porous character 

of activated carbon makes it useful in a variety of applications which require a highly adsorptive surface, such as a 

media for purification, solvent recovery, deodorization, and as an antidote for certain poisons. Additionally, activated 

carbon may be used as electrode material, such as in double layer capacitance applications, where high surface area 

allows for increased charge storage density compared to less porous materials. Activated carbons made from non-

synthetic sources (i.e., natural carbonaceous sources such as wood, coal, coconut shell, etc.), are typically attractively 

priced and are available with sufficiently high surface area. Electrodes are based on original wood (coconut shell)-

derived activated carbon, produced by potassium hydroxide high-temperature activation in ADEL-FC. Porous 

structure and specific surface area can be controlled by changing activation process parameters.  This method include: 

(i) carbonizing a carbonaceous source material to generate a char; (ii) activating the char to form an activated carbon; 

and (iii) washing the activated carbon with a plurality of increasingly basic solutions. Electrodes were prepared from 

slurry by cold-rolling.  Such electrodes may be incorporated into various devices, including electric double-layer 

capacitors, fuel cell. For electrode characterization cyclic voltammetry, impedance spectra analysis, ESR and 

galvanostatic charge–discharge were used. 
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The common ferromagnetic materials usually contain elements whose d- or f-orbital is incompletely filled (e.g. iron, 

nickel, and cobalt). Interestingly carbon-based materials without such magnetic element (e.g. Q-carbon [1], 

graphene[2], Teflon[3], or diamond with defects[4]) can also exhibit ferromagnetism at room temperature. In this 
work, by using chemical vapor deposition (CVD) technique, we have grown carbon films with adamantane  as the 

precursor and have observed room-temperature ferromagnetism; adamantine is the smallest member of the saturated 

nano-hydrocarbon known as “diamondoid” series (nano-diamond structures). We prepared carbon films on various 

substrates, e.g. silicon, quartz, and sapphire. The signature of moderately strong ferromagnetism is observed with 

saturated magnetization as large as 6.2 𝑒𝑚𝑢𝑐𝑚−3. By using energy dispersive x-ray spectroscopy (EDX), we have 

found no evidence of conventional magnetic elements (e.g. Fe, Co, and Ni) whose amount is high enough to explain 

such strong signal; for an example, if Fe impurity were the origin, there should be around 10,000 ppm of Fe, which 

could easily be detected by EDX. 

 Intriguingly, this ferromagnetism could be further enhanced when the carbon film is mechanically exfoliated; 

the saturated magnetization of the remaining film could increase by six times. We believe that the origin of this 

observed ferromagnetism is similar to the case of the stretching Teflon film [3] where the study suggests that the 

ferromagnetism comes from the dangling bonds with localized magnetic moments. In our case, by using Raman 

spectroscopy, the data suggest that these similar dangling bonds were created during the CVD process. The localized 

magnetic moment from these bonds may then give the observed magnetization and after the mechanical exfoliation, 

the orientation of the dangling bonds could become aligned and hence the magnetization is further enhanced. 

Regardless of the origin, our finding already suggests an inexpensive way to create thin film with moderately strong 

ferromagnetism which could be used in applications of magnetic coating. 
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Critical to the development of antifouling coatings technologies for biomedical and terrestrial/aquatic applications is 

the coupling of effective materials and functional chemistries with coating fabrication techniques, providing a clear 

avenue for the application of these coatings to industrially relevant processes.  One approach that is gaining increasing 

interest is the application of nanomaterials to generate antimicrobial interfaces. Nanomaterials can be employed to 

provide specific functionality to the coating interface (i.e. catalytic interfaces), they can be modified to present 

appropriate surface chemistries at the material interface, and the coating fabrication method may be tailored to generate 

specific interfacial topographies and surface morphologies.  In this talk we present silica nanoparticles as a highly 

tuneable coating system through which nanopartricle size and surface functionality, generated through the tethering 

of various chemistries using silane chemistry, can be tailored to enable control over the nano- and micro-interfacial 

properties of nanoparticle coatings.  Through modifying silica nanoparticles with hydrophilic chemistries (e.g. 

poly(ethylene glycol and zwitterions), we show the coatings comprised of functionalised silica nanoparticles are 

highly effective at resisting adsorption from organics, and adhesion and colonisation by microbial organisms. We also 

demonstrate this nanoparticle system to be highly amenable to a range of fabrication technologies, such as spray 

coating and inkjet printing.     
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Porous ZnO nanowire arrays (PZNA) were synthesized by hydrothermal method followed by controlled hydrogen 

annealing for different durations. Internal and external pores of the PZNA were formed with a gradient distribution 

from top to bottom of the nanowires. This pore density gradient distribution in PZNA serves as a new mechanism to 

achieve graded-refractive-index for broadband antireflection with the smallest reflectance of less than 5% at 800 nm. 

Moreover, the cathodoluminescence spectra suggest the emergence of numerous surface defects in PZNA, 

contributing to defect state excitation phenomena. Owing to the unique geometric and microstructural features 

associated with PZNA, the PZNA devices exhibit an exceptional capability for steady photodetection over the entire 

visible light range through the synergetic actions of antireflection, multiple scattering and defect state excitations. 
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Biopolymer based nanocomposites are of prime importance in the present scenario due to their environmental friendly 

impact on various applications. Nanofiller incorporated Poly (vinyl alcohol) thin films have been fabricated by 

solution casting technique. Graphene Oxide was prepared by modified Hummer’s method which was further 

chemically reduced by using hydrazine. Dispersion of graphene oxide into PVA matrix is facilitated by hydrogen 

bonding due to the presence of hydroxyl groups. The composite samples were prepared using a range of wt% of 

reduced graphene oxide content respectively and water is used as a processing solvent. The results showed a significant 

improvement  of mechanical strength on addition of small amount of reduced graphene oxide as compared to neat 

PVA. The increase in tensile strength is attributed to the enhancement in crystallinity. SEM analysis revealed that the 

nanofiller particles are uniformly distributed throughout the surface. Degree of crystallinity and melting enthalpy of 

PVA – Graphene Oxide nanocomposites were investigated by thermal analysis. 
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Recently, renewable resources based biopolymers are attracting attentions of scientists and industry engineers due to 

the sustainability of the biomass.  Many of the candidates of biopolymers to replace the polymers from petroleum oils 

are based on the fatty acids.  But, the biopolymers based on the fatty acids are mechanically weak and frequently the 

heat resistance is not good enough for the applications.  Isosorbide is produced from sorbitol by bioprocess and many 

reports on the application of the isosorbide are available in the literatures.[1,2]. Typical applications of isosorbide for 

polymer systems are based on the reaction of two hydroxyl groups for the esterification and carbamation to prepare 

polyesters and polyurethanes.[3,4]  We have paid attentions on the potentioal of isosorbide as a hardener of epoxy resin 

to replace phenolic hardeners.  It is interesting to note that rigid back bone can be introduced by incorporating 

isosorbide in biopolymer systems.   But we found that isosorbide is immisible with most of the epoxy resins. Thus, 

adduct of isosorbide with epoxy resin was investigated to prepare epoxy resin systems based on the biomass. In order 

to prepare adducts of epoxy resin and isosorbide, cationic polymerization of epoxidized soybean oil and isosorbide 

was carried out with boron trifluoride in chloroform.  Molecular weight of adduct could be adjusted by varying the 

initiator concentration and the reaction time.  The adduct could be cured into network structure of high mechanical 

strength and heat resistance.  Curing behaviors of the epoxidized soybean oil adduct was studied emplying differential 

scanning calorimetry.  It was found that curing behavior of the adduct based on the biomass was similar to the bis-

phenol A based epoxy resins, i.e., autocatalytic second order reactions.  It is postulated that isosorbide can be useful 

hatdener of epoxy resins with sustainability.   
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1-1-3 piezoelectric composites with PMN-PT single crystal, epoxy and silicone rubber were prepared by using the 

modified 'slice and fill' technique. The effect of the volume percentage of PMN-PT single crystal on the properties of 

the composite was analyzed by experiments. The experimental results show that the change of the volume percentage 

of the epoxy has no effect on the piezoelectric properties of the composites, which only affects the acoustic impedance. 

For comparison, 1-3 piezoelectric composites with PMN-PT and epoxy were prepared. The electromechanical 

coupling coefficient of 1-1-3 piezoelectric composites is higher than 1-3 composite, and also the acoustic impedance 

Z of 1-1-3 composite is lower than 1-3 composite. The 1-1-3 composite can be used to design high performance 

hydrophone than 1-3 composite. 

Keywords: piezoelectric composite; electromechanical coupling coefficient; acoustic impedance 
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Owing to their highly porous nature and unique structural properties, TiO2 aerogels prepared by sol-gel method and 

supercritical drying are interesting choices for development of high performance photocatalysts for environmental 

remediation and solar energy conversion processes [1]. Nevertheless, controlled formation of nanocrystalline TiO2 

aerogels is challenging as the required crystallization by post-synthesis high temperature thermal treatments may lead 

to uncontrolled crystallite growth and sintering, as well as irreversible anatase-to-rutile phase transformation, 

structural changes which are highly detrimental to photocatalytic performance [2,3].  To address such drawbacks, in 

the present study we report new routes for the preparation of SiO2@TiO2 core-shell structured aerogels aiming to 

improve thermal stability and photoactivity of titania by using silica aerogel as a functional support for titania [4]. 

SiO2@TiO2 aerogels synthesis was carried out by soaking SiO2 wet gels in TiCl4/DMF  followed by epoxide-assisted 

gelification (Route 1) or thermo-induced hydrolysis at 80ºC (Route 2). The obtained gels were subsequently washed 

by solvent-exchange in ethanol and acetone, dried in supercritical CO2 and calcined at 600ºC or 1000ºC. 

Characterization by Raman spectroscopy and x-ray diffraction analysis indicated exclusive formation of anatase 

nanocrystallites in the heat-treated SiO2@TiO2 aerogels, which demonstrate exceptionally high thermal stability as 

crystallize size did not increased past 10 nm even after the materials were submitted to 1000ºC thermal treatment. On 

the other hand, unsupported TiO2 aerogel sample undergoes crystallite growth (>100nm) and extensive rutile 

formation, including total conversion of anatase into rutile at 1000 ºC. Moreover, the prepared SiO2@TiO2 core-shell 

aerogels showed remarkably higher photocatalytic activity as compared to unsupported TiO2 aerogels treated at 600ºC 

or 1000ºC, as demonstrated by Rhodamine B photodegradation essays. Highest photocatalytic activity was achieved 

for SiO2@TiO2 prepared by thermohydrolysis method (Route 2). Superior photocatalytic performance of SiO2@TiO2 

aerogels is assigned to the high photoactivity of silica supported anatase nanocrystals, efficient light harvesting due to 

the difference in refraction index between silica and anatase as well as  improved Rhodamine B adsorption capacity 

by SiO2 aerogel support. 
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Organic−inorganic perovskite solar cells have recently emerged at the forefront of photovoltaics research due to its 

dual electron and hole mobility. Organo-metal halide perovskites were composed of an ABX3 (e.g. CH3NH3PbI3) 

structure in which A represented a cation, B a divalent metal cation (e.g. Pb2-) and X a halide (e.g. F, Cl, Br, I). Zinc 

oxide (ZnO) was used as the perovskite electron transport layer of the solar cell in this study. The active layer of 

perovskite solar cells here were fabricated by two step process. To investigate the effect of mixed solvent on the 

performance of perovskite active layer, different ratios of toluene and isopropyl alcohol (IPA) were used in the 

preparation of composite perovskite film. We found that the optimum volume ratio of isopropyl alcohol and toluene 

could result in the higher PCEs. The best performance of perovskite solar cells with the structure, 

ITO/ZnO/Perovskite/Spiro-OMeTAD/Ag, prepared at volume ratio of isopropyl alcohol and toluene (9:1) are: 

PCE=13.2 %, Jsc=20.1 mA/cm2, Voc=1.1 V, and Fill Factor=0.60. 

Keywords: Solar cell, Perovskite, Zinci oxide, Electron transport layer 
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Scanning probe microscopy (SPM) has been widely used by the research and development community to visualize 

specimens with unprecedented resolution: reaching nanometer levels routinely and atomic and molecular levels on 

occasion.  The localization of SPM at atomic and molecular scale has been harnessed to control interactions of 

molecules towards 2D and 3D nanolithography.  Combining SPM’s spatial precision with the advanced local delivery 

methodologies including microfluidics, this work reveal how the molecules assemble from nano- to meso-scale.  

Layer-by-layer nanoprinting of various structures with designed functionalities will be presented, and potential 

applications will also be discussed.     
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In this study we prepared zinc oxide (ZnO) nanoparticles by polyol method using zinc acetate and sodium acetate in 

a propylene glycol medium with control on the hydrolysis reaction (HR) time [1]. It was observed that the hydrolysis 

reaction time and acetate ions had a strong effect on the morphology and size of ZnO nanoparticles (NPs). For instance, 

Transmission Electron Microscope (TEM) images revealed that ZnO NPs synthesized by short HR time (10 min) and 

long HR time (300 min) crystallized in small rods and elongated rods shape, respectively. On the other hand, using 

only zinc acetate reagent the ZnO NPs crystalized in roughly spherical shape. These differences may be attributed to 

the high polarization of acetate compared to propylene glycol, i.e. the huge amount of acetate present in the solution 

affects the oriented attachment growth of the ZnO NPs [2]. In addition the HR time played import rule on the optical-

band gap, (Eg) of ZnO NPs. Eg values determined by means of Kubelka-Munk model decreased from 3.31 eV to 3.28 

eV for short HR time and long HR time, respectively. This can be explained in terms of structural defects and mainly 

due to difference between particle sizes [3]. The X-ray diffraction (XRD) patterns revealed that all samples crystalized 

in the typical ZnO wurtzite structure. However, the (002) diffraction peak intensity of ZnO NPs synthesized only with 

zinc acetate was higher than those synthesized by using both zinc acetate and sodium acetate. This may be an indication 

that the c axis was the preferential crystal growth direction. Therefore, the ZnO NPs morphology can be tailored by 

using the polyol method, thus physical properties that are important for some technological applications were 

controlled. 
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Exfoliated nanocomposites consisting of polypyrrole (PPy) and molybdenum disulfide (MoS2) were synthesized. The 

MoS2 was first prepared in an exfoliated state by reacting molybdic acid with a huge excess of thiourea at 500oC under 

nitrogen flow [1]. The PPy-MoS2 nanocomposites were prepared by polymerization of pyrrole with ammonium 

peroxydisulfate, in the presence of the exfoliated MoS2 [2]. The amount of MoS2 in the reaction mixture was 

systematically varied to produce a range of nanocomposite materials ranging from 1 to 50% by mass of MoS2. The 

nanocomposites were characterized by Fourier transform infrared spectroscopy, powder X-ray diffraction, scanning 

electron microscopy, and van der Pauw electrical conductivity measurements. Powder X-ray diffraction provided 

evidence that the nanocomposites are exfoliated. The diffractograms of the nanocomposites were completely 

amorphous, suggesting lack of structural order in these materials and indicating the formation of genuine exfoliated 

systems. It was intriguing to observe that the nanocomposites exhibited enhanced electronic conductivity when 

compared to the pure polymer. 
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Recent investigations show that ceramic/ceramic joints have high potential for applications in industry.  Cost and 

difficulty in manufacturing complex components, either in one-step or by joining of ceramic-metal and ceramic-

ceramic, have inhibited more widespread use.  It is important to know how to join components without problems and 

understand the role of the interface as a main factor of controlling the properties in these joints. 

The main aim of preparing this paper has been investigating of joining two ceramics with metal fillers (Al2O3 to 

Al2O3), the interface of Al2O3/ Al2O3 with the same metal interlayer (Ag-Cu-Ti) and the effects on the properties as 

well. 

The results showed that the optimum joining of Al2O3/Al2O3 was obtained by applying a metal layer of Ag-Cu as well 

as an active metal of Ti-6Al-4V. The second filler was used to increase wet ability and improve strength.  

Microscopic investigations revealed penetration and activation of elements from the interface to bulk of ceramic body 

and it was the major reaction in the joints.  Both joints showed the deepest penetration of Ti atoms from interface into 

the ceramics.  According to the XRD results, TiO and V2O5 were the most important phases in the Al2O3/Al2O3 

interface. The strength of both joints increased until an optimum time and temperature condition and decreased after 

that by forming of other phases, which inhibited the formation of a stronger interface. The optimum time and 

temperature is suggested to be 900°C and 60 min for Al2O3/ Al2O3. 
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We have synthesized various quinone derivatives for the supercapacitor electrode with high capacitance and 

investigated the capacitance enhancement of activated carbon by physically blending it with a quinone derivative. The 

properties of the electrode designed were investigated in terms of amount of quinone derivative added, redox behavior 

and specific capacitance against scan rate and cycle life. The potential of physically mixing quinone with carbon 

materials simplifies the electrode design process and makes it more cost effective and environmentally friendly. 

Details on electrochemical properties will be discussed in the presentation. 
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In the present work, we have reported fabrication of Poly (Vinyl Alcohol)/ Graphene Oxide Nanocomposite 

incorporated Silver Nanoparticles (Ag NPs) via solution casting approach to make desired film membrane. GO-Ag 

Nanocomposite (NPs) has good Biological & Mechanical property which can be used in packaging applications. The 

obtained thin film was characterized by thermal & mechanical analysis. The melting point peak of the film is shown 

at 2600C observed by Differential Scanning Calorimeter (DSC) analysis.  Tensile strength as well as thermal stability 

of Nanocomposite was increased due to the existence of GO & Ag which has strong hydrogen bonding interaction 

within Nanofiller & matrix. Antimicrobial activity was carried out by employing E. coli bacteria against neat PVA 

and integrated Nanocomposite film.   
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As a key element in the RED process, the membrane influences the overall power output of the RED stack. Especially, 

the membrane resistance is one of important properties of the membrane. In this study, CEM and AEM consisting of 

cross-linked polymers in a porous polyolefin substrate were simultaneously used for application in RED. Physico-

chemically stable and ultrathin ion exchange pore filling membranes (cation exchange membranes and anion exchange 

membranes) with high ion transfer coefficients have been developed for reverse electrodialysis as an energy 

conversion system. The polymer electrolytes in both cases of cation exchangeable and anion exchangeable ones 

consisting of the whole hydrocarbon materials were introduced into porous hydrocarbon substrates and crosslinked 

by radical polymerization in this work. The thickness of the prepared pore filling membranes was controlled between 

16 and 23 micrometers to extremely lower membrane resistance and to increase ion transfer. All the properties of the 

prepared membranes were compared with commercial membranes obtained from Tokuyama, Fuji, and Fuma-Tech. 

Furthermore, RED cell performance and energy efficiency using the prepared pore filling membranes were also 

evaluated.  
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Recently, it’s popular to use composite tubes as energy absorbing components for car crashworthiness. In the present 

work, the composite tubes consist of polyurethane (PU) resin and carbon fiber fabric, because PU resin is superior in 

impact, viscosity, low curing temperature, and short curing time. Vacuum assisted resin transfer method is used to 

fabricate these braided composite tubes because of short cycle time. To investigate the mechanical behavior of these 

braided composite tubes, static compression loadings are applied to them until failure. In addtion to experimental tests, 

finite element analysis is executed to simulate the failure processes. Since they are braided composite, different braid 

angles are created by different tube diameters. To discuss the effect of different braid angles in finite element analysis, 

the effective elastic constants and strengths of the braided composites predicted by basic finite element analyses are 

adopted. When the tube diameters are 25, 28.5, and 33 mm, the measured failure loads are 49059, 46300, and 38500 

N, while the predicted values are 50897, 47026, and 37945 N. It shows that the simulation results are very close to the 

experiment values. In addition, the final failure scenarios are similar from both the experiment and the simulation. 

Therefore, it verifies the progressive failure simulation of the finite elment analysis for the braided composite tubes. 
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Energy harvesting using triboelectric generator (TEG), which converts external mechanical energy into electrical 

power, has attracted considerable attention as a viable route to meet rapidly increasing energy demands [1]. Until now, 

many attempts have been focused on improving the output power with variable frictive layers exhibiting a difference 

of distinct electron affinity [2]. To utilize the TEG as an environmental and more feasible energy harvester, eco-

friendly materials have also been searched for those frictive layers. 

In this study, we propose a triboelectric generator with a regular paper for the one side of the frictive layer which 

provides large enough electronegativity difference with polyimide (PI) film for the other side. A hydrophobic coating 

is applied with trichloro(1H,1H,2H,2H-perfluorooctyl) silane (FOTS) to increase generating power without 

degradation by humidity. The proposed TEG reached to 300 V for the maximum Vopen-circuit (Voc) and ∼175 mA/m2 for 

Jshort-circuit (Jsc) with the applied force of 0.12 MPa which are comparable to other conventional TEGs [3-4]. 

Furthermore, the TEG shows superior stability with maintaining uniform output during repetition operations over 

10,000 cycles. Finally, a visible performance of the output is successfully demonstrated with capability for lighting of 

150 red light-emitting-diodes (LEDs). 

Keywords: paper, triboelectric generator, energy harvesting 
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Developing new solid-state lighting host materials is one of the significant and intriguing aspects in the field of 

luminescence materials[1]. Herein, this paper reports a novel LiInTi2O6 host for phosphors in solid state lighting. The 

sub-solidus phase relationships, thermal stability, crystal structure, as well as composition-, and temperature-

dependent luminescence were investigated and discussed by means of various analytic techniques, including powder 

X-ray diffraction (XRD), differential scanning calorimetry (DSC), structure solution, photoluminescence excitation 

(PLE) and emission (PL) spectrum, decay lifetime, high-temperature luminescence, and chromaticity coordinate. 

LiInTi2O6 crystallizes in a trigonal unit cell with lattice parameters of a = b = 5.1058(7) Å, c = 28.568(4) Å, and Z = 

6 in space group R-3m (No. 166), consisting of an unusual 12-fold coordination hexagonal prisms structural 

framework. Taking LiInTi2O6 as host, a series of Dy3+/Tm3+ singly-doped and co-doped phosphors were 

successfully synthesized. With increasing Dy3+ concentration, emission colors of LiInTi2O6:Tm3+,Dy3+ phosphors 

can be appropriately tuned from blue to yellow going through the white region based on the principle of energy 

transfer. Energy transfer efficiencies were calculated and the mechanism was discussed. Configurational coordinated 

diagram was employed to explain the thermal quenching behaviour of the white lighting phosphor. 

Keywords: LiInTi2O6,crystal structure, energy transfer mechanism, luminescence properties 

[1] Bardsley, N.; Bland, S.; Hansen, M.; Pattison, L.; Pattison, M.; Stober, K.; Yamada, M., Solid-State Lighting R&D Plan. Solid-

State Lighting Program, Building Technologies Office, Office of Energy Efficiency and Renewable Energy, U.S. Department of 

Energy 2015, Washington D.C. 

Acceptance ID: WDKT-O 

  



 

 193 

Synthesis of Sulfonamide Derivatives and Application to Water Treatment System 

Seong Ik (Jeon)1, Cheol-Hee (Ahn)1* 

1Research Institute of Advanced Materials (RIAM), Department of Materials Science and Engineering, College of 

Engineering, Seoul National University, Seoul 151-744, Korea.  

meteor424@snu.ac.kr (Seong Ik Jeon) / chahn@snu.ac.kr (Cheol-Hee Ahn) 

Removal of metal ions in water for industrial use, called water softening, is an important procedure since ions are 

known to cause significant problems on operation and maintenance of equipment or piping in facilities. Though ion 

exchange or chelate resin is one of the widely used methods for desalination, it has some limitations in ion selectivity 

and regeneration. Especially, huge amount of salt or strong acidic/basic condition needs to be applied iteratively for 

reuse of the resin. In this research, sulfonamide-derived cation capturing system is suggested as an alternative to 

relieve these drawbacks. Sulfonamide derivatives show sharp transition from charged to uncharged form at certain 

pH, which alleviates the condition of regeneration. Moreover, chemical modification of sulfonamide had been fully 

established so that diverse functionalities such as antimicrobial effect, ion specificity or ion sensing property can be 

easily introduced in chelation system. Small molecular sulfonamide was synthesized with various Schiff bases to 

check the basic ion capturing property and product was analyzed with 1H NMR. Cation chelating capacity of product 

was quantified by solvent extraction method, and appropriate types of sulfonamides were chosen as candidates. The 

selected sulfonamide types were formulated into particular structure such as microbead, membrane, or hydrogel and 

the ratio of ion capturing moiety was defined with FT-IR. Finally, their metal ion capturing capacity in actual 

circumstances and regeneration property in moderate acidic pH were verified. In conclusion, we confirmed the 

potential of these sulfonamide-functionalized structures to be used for water treatment, which can overcome the 

disadvantages of conventional water softening system. 
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Ni-Mn-Ga ferromagnetic shape alloys (FMSAs) exhibit large magnetic-field-induced strain (MFIS) and are attractive 

for applications in sensors, actuators and dampers operating at high frequencies. The requirement of such devices with 

complex shapes is growing. However, the plastic forming of polycrystalline Ni-Mn-Ga alloys is difficult due to their 

intrinsic brittleness and thus low plasticity. Here, high-temperature deformation behaviors of a polycrystalline 

Ni51.3Mn27.6Ga21.1 alloy were investigated based on the processing map and microstructural observations. The 

processing map was built from the isothermal compressive curves tested at temperatures within 600 - 1000 °C and 

strain rates of 0.001 - 1 s-1. The corresponding microstructural evolution with temperature and strain rate was 

systematically analyzed. The hot deformation mechanism of the Ni-Mn-Ga alloy was strongly dependent on the Zener-

Hollomon parameter Z: the dynamic recrystallization was the dominant mechanism at low Z region in the disordered 

B2 state, then with increasing Z, dynamic recovery occurred and transition to ordered L21 state, and finally only 

dynamic recovery existed at high Z region. This proved that the intrinsic brittle polycrystalline Ni-Mn-Ga alloys are 

strikingly facile for large plastic deformation in the B2 state by dynamic recrystallization at temperatures 950 - 1000 

°C and strain rates 0.02 - 0.3 s-1, which opens a temperature and strain rate processing window for this intrinsic brittle 

alloys. 
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Two-way displacing Cu-Al-Ni Shape Memory Alloy/Polyimide composite films were developed by thermal 

evaporation. During actuation, the shape memory effect was observed and the return stroke during cooling was 

primarily due to the flexible substrate. Two different thicknesses of 25 μm and 50 μm Polyimide sheets were used as 

substrates. The fatigue life of the developed films was tested up to 1000 cycles. The results displayed no loss in shape 

memory effect, proving it can be used in MEMS devices. The actuation temperature of the Cu-Al- Ni film was around 

250°C and due to this high actuation temperature the micro-flapper mechanism is hardly affected by ambient 

temperature changes thus making it robust and highly reliable over a vast range of extreme/challenging environments. 

The actuation properties during joule heating were studied for voltages ranging from 3 V – 8 V. To control the flapping 

frequency of wings, an electronic system has been designed to provide desired voltages in square wave form with 

control over pulse width and amplitude. 
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Iron based fluorosulfate, MFeSO4F (M=Na, Li) compounds has been known as theoretical positive electrode material 

with high operating voltage [1]. The addition of Li ions engenders a charge difference and modification to the 

dimensionality of the lattice along with an redox potential, thus offering the new architectures and electrochemical 

behavior [2]. In this study, the crystal and magnetic structure of Na1-xLixFeSO4F fluorosulfates has been investigated 

with the XRD, VSM and Mössbauer analysis. The Na1-xLixFeSO4F (x=0.01, 0.05, 0.1) samples were synthesized by 

ionothermal method due to the poor hydrolytic stability. The prepared Na1-xLixFeSO4F samples have monoclinic 

strucutres with space group of  P21/c. The lattice constants and volume of the Na1-xLixFeSO4F samples decreased with 

increasing Li concentrations. According to the temperature dependent magnetic susceptibility of Na1-xLixFeSO4F 

samples showed abnormal antiferromagnetic behaviors with decreasing Néel temperture (TN) due to Li substitution. 

For Na1-xLixFeSO4F, the TN ordering temperatures, determined to be 33, 32.5, and 32 K for x=0.01, 0.05, and 0.1, 

respectively. In order to investigate the magnetic structure in terms of Fe nucleus, temperature dependent Mössbauer 

spectrum recorded at various temperatures ranging from 4.2 to 295 K. The Mössbauer spectrum of Na1-xLixFeSO4F 

at room temperature consists of two doublets, indicating the existence of Fe2+ sites. Each spectrum of Na1-xLixFeSO4F 

in the T< TN was fitted to two set(A, B-site) of asymmetrical 8 lines, considering the magnetic hyperfine 

field(Hhf) and electric quadrupole splitting(ΔEQ) interaction. The Hhf and ΔEQ values of 

Na0.95Li0.05FeSO4F at 4.2 K were determined to be Hhf ,A = 245 kOe, ΔEQ,A = 2.76 mm/s and Hhf,B = 312 

kOe, ΔEQ,B = 2.77 mm/s. From these results, these chagnes in Na1-xLixFeSO4F are originated from the strong 

electric crystalline field which can be enhanced the asymmetric Mössbauer spectra below TN. 

Keywords: Antiferromagnetism, Cathode, Mössbauer spectroscopy 
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Assessment of the optical and Solid State properties of MgS thin film using theoretical approach of beam propagation 

technique in which a scalar wave is propagated through the material thin film deposited on a substrate with the 

assumption that the dielectric medium has homogenous reference dielectric constant term, ref and a perturbed 

dielectric term,  p r representing the deposited thin film medium is presented in this work. These two terms, 

constituted arbitrary complex dielectric function that describes dielectric perturbation imposed by the medium of for 

the system. This is substituted into a defined scalar wave equation in which the appropriate Green’s Function was 

defined on it and solved using series solution technique in conjunction with Born approximation method in order to 

obtain a model equation of wave propagating through the thin film. This was used in computing the propagated field 

for different input regions of field wavelength such as ultraviolet, visible and infrared region respectively during which 

the influence of the dielectric constants of the thin film on the propagating field were considered. The results obtained 

from the computed field were used in turn to compute the band gaps, solid state and optical properties of the thin film 

such as reflectance, Transmittance and reflectance. The electrical and optical conductance was also computed. 

Keywords; Scalar wave, optical and Solid State properties, Manganese Sulphide thin film, Dielectric medium, 

Perturbation, Green’s function, Band gap, Transmittance Conductance. 
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Ag-decorated silica nanoparticles have been successfully fabricated by an aerosol method. The size of Ag 

nanoparticles (AgNPs) can be well controlled by tuning the precursor composition and calcination temperature and 

the AgNPs on the surface of silica can be gradually grown with the increase of the calcination temperature. The as-

prepared nanocomposites with well dispersed AgNPs possessed distinguished catalytic activities in catalysing for the 

reduction of 4-NP by NaBH4 in the aqueous phase. The nanostructured particles showed outstanding antimicrobial 

properties. Through the coupling of contact triboelectrification and electrostatic induction, the self-charging capability 

has been realized due to the ambient wind-induced vibrations of a triboelectric membrane between the two 

supercapacitors.  
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Novel research areas have been developed in the field of 

photonics: metamaterials and nanoplasmonics.  

By utilizing the ideas developed in these research areas and 

using specially-designed materials, unusual electromagnetic 

properties such as artificial magnetism, negative refractive 

index, cloaking and squeezing photons through 

subwavelength holes have been demonstrated. These novel 

fields need new material fabrication techniques, especially 

bottom-up approaches such as self-organization. Two novel 

bottom-up manufacturing methods will be presented: (i) 

method based on directionally-grown self-organized 

eutectic structures [1, 2]; and (ii) NanoParticles Direct 

Doping method (NPDD) [3] based on directional 

solidification of dielectric matrices doped with various nanoparticles. In both cases we apply one 

of the crystal growth methods - the micro-pulling down method - to create the material. We will 

discuss: (i) Volumetric materials based on bulk glasses doped with plasmonic nanoparticles 

obtained by NPDD, with localized surface plasmon resonance at visible and IR wavelengths [3]; 

(ii) Bi2O3-Ag eutectic-based composite exhibiting tunable localized surface plasmon resonance 

~600 nm [4, 5, 6], and second harmonic generation [7]; (iii) materials with enhanced luminescence 

eg. at 1.5 um wavelength, and up-conversion processes due to plasmonic resonances [3, to be 

published]; (iv) Eutectic material with subwavelength transmission at IR frequencies [8, to be 

published]; (v) Eutectic materials with enhanced Faraday effect [unpublished]; (vi) Pivotal for 

metamaterials structures such as split-ring resonators obtained in eutectic composites [2]. Utilizing 

Figure 1: Nanoplasmonic composite with a 
localized surface plasmon resonance at 405 
nm obtained by the Nanoparticle Direct 
Doping method [3] 
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crystal growth application for manufacturing of novel photonic composites may enable their easy 

application. 

Keywords: Nanocomposites, plasmonics, metamaterials, eutectic composites, nanoparticles 
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Due to water pollution with environmentally hazardous liquids, purifying technologies have attracted considerable 

interest. In the typical method, hydrophobic or oleophilic absorbents have been developed for selective removal of 

hydrophobic contaminants, including oils and organic solvents, in order to purify polluted water. In general, 

absorbents require a porous structure to increase absorption efficiency. Zeolite, fabrics, and sawdust have been used 

for the purifying process. To increase filtration efficiency, it is critical to develop a material that possesses high 

selectivity and capacity to absorb the polluted liquids from water. Besides microporous polymer-based materials, 

which have already been intensively studied for this purpose, graphene has recently attracted great interest as the most 

effective absorbent material due to its large surface area and strong hydrophobicity. Of the many approaches evaluated, 

graphene composites introduced into a porous substance using a facile dip-coating method with graphene oxide (GO) 

nanoparticles emerged as the preferred absorbent to increase the absorption of pollution liquids (34–140 times of its 

own weight for chloroform) [1-2]. The approaches should also contain a reduction process for converting hydrophilic 

GO to hydrophobic reduced GO (rGO) in order to increase the selective capturing capability.  

In this work, we propose an absorbent composed of hydrophobic graphene-sponge composite (GSC) by embedding 

graphene flakes (GFs) directly into a polyurethane sponge (PS) acting as a porous substance. With the self-aggregation 

nature of GFs in dispersion, the dip-coating method easily enhances graphene concentration, thereby increasing the 

capturing capability for polluted liquids. Furthermore, the hydrophobicity of the GFs directly reflected by the 

absorbent capacity is attributed to the selective capture of the polluting liquids mixed in the water, with no additional 

process to obtain the hydrophobic character. The adsorption capability and selectivity of the proposed absorbent was 

tested for various hydrophobic liquids common in water.   
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We have performed comprehensive studies on the photoluminescence properties of the carbon dots prepared from 

citric acid (C-dotsCA) and citric acid+ethylenediamine (C-dotsCA+EDA)[1]. The cryogenic experiment confirms that the 

excitation dependent fluorescence and the spectral relaxation dynamics of the C-dots are associated with the presence 

of multiple emissive states/species in the C-dots instead of solvation dynamics. Moreover, we have also compared the 

size of the C-dots estimated from the TEM images and fluorescence anisotropy methods. Our experimental results 

indicate that the fluorescence anisotropy method not only avoids the formation of aggregates during the sample 

preparation processes, but also selectively detects the size of the emissive C-dots in the solution; therefore, the 

fluorescence anisotropy method is ideal for studying the size dependent optical properties of the C-dots. 
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Development of wearable piezoresistive pressure sensors is an emerging field for various future applications, such 

as electronic skin and soft robotics [1]. As materials for these sensors, graphene/polymer composites are one of the 

best candidates because of its low-cost, super-elastic, superb electrical property, and easy fabrication. In this work, 

we propose a wearable pressure sensor using conductive graphene/PDMS composite especially for the application of 

pressure sensor which is expected to open a new route for low-cost pressure sensors with potential facile integration 

into future wearable sensors such as flexible touch-on displays, human–machine interfacing devices and prosthetic 

skins. 

The composite was fabricated by dispersing the graphene flakes and PDMS separately in hexane, thus reducing a 

percolation threshold to 0.87 vol% due to uniform dispersion. After configuring the pressure sensor by adding Pt 

electrodes on both sides of the composite, the sensor demonstrates sensitive responses in resistance for the vertically 

applied pressure to 100 Pa from 1 MPa which exceeds general human perception range for touch. The sensor also 

shows reliable characteristics with 1500 cycles of repeated measurements. Finally, after the attachment on biological 

skin, the sensor demonstrates to detect the movements of fingers and arms and to monitor the cardiovascular health 

from the detection of wrist pulse.  
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The synthesis of nanoparticles from plant extract through eco-friendly green chemistry has recently drawn attention 

of researchers with a view to develop TiO2 nanoparticles. Many plants extracts like Lemon Grass, Indian Gross berry 

and Neem Leaves have been tried for the synthesis of TiO2 nanoparticles. Neem has chosen because of its functional 

antinoceptive,antioxidant,anti-inflammatory, antidiabetic, antifungal and antimicrobial properties. In the present 

paper, we reported the synthesis of TiO2 Nanoparticles by using extracts of Neem Leaves and Titanium isopropoxide 

as a precursor. The characteristic properties of TiO2 nanoparticles were studied by XRD, SEM/EDX, TEM, UV-VIS 

and FTIR analytical techniques to confirm their structural, morphological and optical attributes. The sharp peak of 

XRD pattern exhibits the polycrystalline nature and formation of TiO2 rutile structured nanoparticles. SEM/EDX and 

TEM images revealed the spherical structure of nanoparticles with size varying in the range of 10-20 nm. UV-VIS 

spectrum recorded in 1100 – 200 nm region showed the excitonic emission peak at about 380 nm while IR transmission 

spectrum showed the characteristic stretching modes of TiO2.The green route approach increases the economic 

viability of a material. These results confirmed the synthesis of TiO2 nanoparticles via non-hazardous green chemistry 

route by using neem leaves extract 

Keywords: TiO2 Nanoparticles, Neem (Azadirachta Indica) Extracts, Titanium Isopropoxide, Green Chemistry 
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FRP(fiber reinforced polymer) is one of functional materials to replace steel such as reinforcing bar and tendon. Mostly 

FRP materials are applied in the repair and strengthening area. This study investigated on the flexural strengthening 

performance of reinforced-concrete beams strengthened with prestressed near-surface mounted (NSM) tendon. Two 

prestressing systems are used to introduce prestressing force to specimens in this study. One is pre-tension system and 

the other is new prestressing system with anchorage like post-tension. The test results revealed that the surface 

treatment of the CFRP tendon improved the strengthening performance by 13% and anchorage needed to enhance 

strengthening effect. Also in case of using the CFRP tendon with low bond strength, it shows that strengthening effect 

can be improved by executing beforehand surface treatment of the tendon on site. 

 

 Keywords: FRP, tendon, nsm, strengthening, prestress 
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Ultralow density foams with multifunctional and tunable properties are desirable for many engineering applications. 

We have previously demonstrated (and presented at AFM 2015) the ability to fabricate stable, ultralow density carbon 

nanotube (CNT) foams by stacking aligned CNT sheets and then coating with a conformal carbon coating [1]. While 

those foams are very interesting by themselves, there has arisen a need to hybridize them with other materials to 

optimize their properties for applications in energy absorption materials, filtration and separation, catalysis, sensors, 

supercapacitors and batteries. In addition, even though those foams were stable under pure compression loading, their 

overall durability needs improvement. Our presentation will detail two approaches using the CNT foams as the primary 

scaffold for the deposition of other functional and stabilizing materials.  

In the first, atomic layer deposition (ALD) was used to coat the interconnected CNT structure with thin coatings of 

ceramic oxide materials. Even thought the foam samples are large and have a significant surface area, their ultralow 

density enables very conformal deposition throughout the foam. Even when ceramic coated, the hybrid foams 

continued to exhibit elastic recovery due to the underlying CNT network. The compressive mechanical properties of 

the foams became, to a degree, tunable by changing the thickness of the oxide. The thermal stability increased and the 

hybrid was demonstrated as a catalytic material.  

In the second approach, a new technique was used to solution coat the ultralow density CNT foams with polymer 

coatings. Low viscosity polymer solutions were used to fully wet and fill the foam structure. As the solvent was rapidly 

evaporated, the CNT foams remained dimensionally stable. This resulted in very low density CNT structures where 

the individual CNTs in the CNT foam network were coated with polymer. Composite foams were prepared with 

polydimethylsiloxane solutions concentrations ranging from 2.5% to 50% by weight.  This method dramatically 

increases the durability of the materials and allowed for a wide range of composite foam densities and mechanical 

properties.  

Keywords:  Carbon nanotube, foam, anisotropic, tunable, multi-functional 
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The electromechanical properties of relaxor ferroelectric polymers (RFPs) such as poly(vinylidene fluoride-

trifluoroethylene-chlorofluoroethylene) [P(VDF-TrFE-CFE)] and poly(vinylidene fluoride-trifluoroethylene-

chlorotrifluorethylene) [P(VDF-TrFE-CTFE)], can be strongly influenced by blending with a small amount of normal 

ferroelectric polymers (NFPs) such as poly(vinylidene fluoride-trifluoroethylene) [P(VDF-TrFE)]. NFPs with 

different compositional ratios of VDF and TrFE were blended into RFPs with different compositional ratios of VDF, 

TrFE and CFE or CTFE monomers, with which bimorph actuators were fabricated. Dynamic strain response of 

blended polymer bimorph actuators was measured with a confocal laser displacement sensor, from which strain 

amplitude, frequency response, and phase delay were evaluated. Interestingly, the effect of P(VDF-TrFE) (75:25) and 

P(VDF-TrFE) (55:45) on the electro-dynamic responses of the blended polymers is quite opposite even they are both 

normal ferroelectric. The P(VDF-TrFE) (55:45) enhances the strain amplitude and mechanical energy density of the 

blended polymers, but the P(VDF-TrFE) (75:25) reduces. The optimum combination of NFPs and RFPs was proposed 

for enhanced electro-dynamic responses of the blended polymers. 
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Au modified tin dioxide(SnO2) nanoflowers were synthesized by a hydrothermal process and a solution reduction 

process. The obtained products were characterized by X-ray diffraction(XRD), scanning electron microscopy(SEM), 

X-ray photoelectron spectroscopy(XPS), photoluminescence spectra(PL), electron spin resonance(ESR) and in-stiu 

diffuse reflectance FTIR spectra technique. Results demonstrated the Gold nanoparticles(AuNPs) were perfectly 

embedded in the surface of SnO2 nanoflowers. The sensor based on the Au-SnO2 nanoflowers showed a high 

sensitivity about 10 to 20 ppm of sulfur dioxide and the minimum detectable concentration about 1 ppm at the work 

temperature of 200°C. The enhanced SO2 sensitive properties of Au-SnO2-based sensor could be attributed to the 

appropriate content of oxygen vacancies and the potential spillover effect of AuNPs. Therefore, this work 

demonstrates that the appropriate amount of oxygen vacancies in Au-SnO2 nanocomposites can efficiently improve 

the response of sensor for detection of the harmful and poisonous sulfur dioxide. 
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Zn-PANI secondary batteries have shown many excellent characteristics, such as high reversible energy density and 

columbic efficiency, long cycle life and low self-discharge rate [1-3]. However, polyaniline has an electrochemical 

activity and low conductivity at pH > 4, while zinc is easily corroded in acidic aqueous electrolytes (pH≤4), which 

limits the commercialization of the secondary batteries. Synthesizing new types of the aniline-based copolymers 

has greatly attracted the recent researchers. The copolymerization of aniline and other monomers (such as -OH, -

SO3H, -COOH) have been widely used for the synthesis of aniline-based copolymers with improved electroactivity. 

The copolymer, poly(aniline-co-5-aminosalicylic acid), was prepared by the methods potentiostatic electrochemical 

copolymerization in a three-electrode cell. The poly(aniline-co-5-aminosalicylic acid), A zinc sheet and polypropylene 

non-woven fabric were mounted in a transparent vessel. The structure diagram of the Zn-poly(aniline-co-5-

aminosalicylic acid) secondary battery is as follows (Fig.1). The relationship between coulombic efficiency and cycle 

number was shown Fig.2. 

   
Fig.1 The structure schematic of the battery; Fig.2 The relationship between coulombic efficiency and cycle number 

The Zn-poly(aniline-co-5-aminosalicylic acid) secondary battery has an output large-capacity of 

145 mAh g-1 with a Columbic efficiency of >97% after 150 cycles between 0.75 V and 1.5 V. 

The new secondary battery will possess broad commercial application prospect. 
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Atomic clusters consist of a few to thousands of atoms and/or molecules, and attract a great attention in nanoscience 

and nanotechnology since they can be used as building blocks to assemble various kinds of nanostructures with novel 

properties. One of strategies for growing nanostructures with cluster beams consists in depositing low-energy particles. 

Ideally, by depositing the clusters with low kinetic energies, one would like to conserve the memory of the free-cluster 

phase to form thin films with their original properties. Since the kinetic energy is of the order of eV per cluster, i.e., a 

few meV per atom, which is negligible compared to the binding energy of an atom in the cluster, no fragmentation of 

the clusters is expected upon impact on the substrate [1]. In this talk we would like to present some of our work as 

examples to show how this can be realized. 

1)  Quantization of surface modes of silicon clusters 

2)  Multi-channel Conductance Resonance of Au cluster-based nanostructures 

3)  Strong magnetoelectric effect in Tb-Fe/(Zr0.52Ti0.48)O3 heterostructures by alloy clusters.  

4)  Coupling enhancement of plasmon between Ag nanoclusters 

5)  Quantum modification on surface states of Dirac systems by atomic clusters. 

It demonstrated that production, manipulation and deposition of gas phase clusters is of primary importance for the 

synthesis of nanostructured materials and for the development of industrial processes based on nanotechnology [2]. 
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The main aim of our work is to develop wafer-scale nanofabrication strategies for formation of small (down to sub-

10 nm level) and complex 3D-nanostructures in mono-crystalline substrates. By combine anisotropic etching of silicon 

with so called “corner lithography” we have shown the formation of 2D-extruded (fig. 1a) as well as full-3D concave 

fractal structures in silicon [2, 3]. For example, based on only one micro-sized photo-lithographic opening, we were 

able to machine a template for formation of a folded silicon oxide shell having 625 nano-apertures on all the apices 

(fig. 1b). These 3D-fractal structures can be formed in large numbers in parallel (fig. 1c)Currently, we would like to 

introduce the formation of convex 3D-fractal structures in silicon based on a modified corner lithography process, fig. 

2. Starting with the formation of a micron sized tetra-hedron on a {111} silicon wafer [4], we are able to selectively 

open the silicon oxide mask at the apex, and form three tetrahedrons with a size of the order of 100 nm (fig. 2a, b). In 

a similar fashion we can form two nano-ridges from a single ridge (fig. 2c, d). This is the first and essential step 

showing that multiple self-similar substructures can be formed from a convex silicon structure.   

a)            b)   

c)                                        
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Fig. 1: a) Self-multiplying channel structure fabricated in silicon, b) 3D-octahedral fractal structure (silicon oxide shell formed in a 

concave silicon mold) [2, 3], c) Overview of many fractal structures which were fabricated in parallel. 

a)        b)   

c)          d)  

Fig. 2: a) Original tetrahedral silicon structure, b) After formation of self-similar substructures. c) Original nano-ridge silicon structure, 

d) After formation of two self-similar nano-ridges.   

The significance of the proposed fabrication route is the self-multiplying formation of convex nanostructures in 

crystalline materials such as silicon. This is important for applications where such small convex sub-structures are 

essential for a specific functionality. One could think of silicon nanocrystals, employed in components like single 

electron transistors and quantum dots, and silicon nanowires as transistors or chemical sensors. Strategies for self-

multiplying 3D-nanostructuring are expected to have significant impact in the field of energy storage and energy 

conversion. 
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Graphene, a single atomic layer of graphite, demonstrate remarkable electronic properties due to its energy band 

structure. Graphene is a perfect electronic and thermal conductor, and that is why graphene-based materials have been 

proposed for many applications ranging from transparent conductors, thermal interface materials to barristor 

transistor-like devices [1-4]. A large number of other layered materials can be thinned down into two-dimensional 

nanostructures and monolayers [1-3]. Two-dimensional (2D) materials can be assembled layer by layer to form a van 

der Waals heterostructure [3,4]. As a member of the 2D materials family, Bi2X3 (X= Se, Te) has been widely 

investigated for thermoelectricity [5]. Moreover, they have been discovered to be topological insulators and have led 

to an intensive research [6]. Bi2X3 based chalcogenides exhibit a layered, rhombohedral crystal structure, each layer 

consists of five covalently bonded atomic planes, X-Bi-X-Bi-X, known as a quintuple layer. Experimentally, it was 

stated that 3D materials which are held together by the weak van der Waals forces can be exfoliated into thin flakes 

by mechanical or chemical exfoliation methods, a method known as a top-down process. Thus, it is possible to create 

few quintuple layers from bulk Bi2Se3 with ‘‘graphene-inspired’’ exfoliation methods as bulk Bi2Se3 possesses the 

graphene-like layered structure [7]. Miniaturizing the source bulk materials down to few nanometers would result in 

a significant enhancement of light transmission through the prepared layers. In our work, thickness reduction as well 

as simultaneous annealing led to an optical transmission of 99.6%. Such significant enhancement can be ascribed to 

nanophotonic effect of zero-wave anti-reflection unique to ultra-small thicknesses. With such kind of transmissivity 

enhancement, optoelectronic applications including transparent electrode can be met. 

Keywords: 2D Chalcogenides; light transmission; thickness reduction; annealing; band gap. 
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There are ingenious approaches for fabricating novel electrical or optical sensing platforms with enhanced sensitivity 

and selectivity by incorporation of a functional thin film of organic transducing molecules in the device architecture. 

Electroactive polymers, which are capable of transporting redox species on their side chains, are becoming promising 

film materials for the construction of electron transferring interfaces for electrochemical sensing. The attractiveness 

of such an inherently conductive polymeric thin film interface between a metal measurement electrode and a biological 

system lies in its unmatched surface tailoring convenience through derivatization of the polymer backbone with a 

range of different chemical functional groups.  

We used electroactive copolymers of thiophene (Th) , 3-thiophene carboxylic acid (3-ThCA), and 3,4-thiophene 

dicarboxylic acid (3,4-ThDCA) grown on a gold coated glass by electro-oxidative polymerization.  Electrochemical 

co-polymerization of these monomers was characterized by electrochemical impedance spectroscopy (EIS), FTIR, 

FE-SEM and AFM.  The film morphology of the Poly(Th-co-,3.4-ThDCA) and Poly(Th-co-,3-ThDCA) copolymers 

was found to be different. While the surface morphology of Poly(Th-co-,3-ThDCA) layer was reminiscent of typical 

cauliflower like spherical growth of conductive polymers in low donicity solvent, acetonitrile, the polymer film of 

Poly(Th-co-,3.4-ThDCA) copolymer exhibited a porous columnar structure. The carboxylic groups in the film were 

well characterized from the C=O stretch in the IR spectra. EDC/NHS chemistry was used to attach a well known 

biorecognition element, strepatvidin, to the electroactive polymer film. FTIR and FE-SEM were employed to 

characterize chemical attachment of this protein to the polymer surface. The surface morphology has found to be 

changed after the protein attachment, making the surface smoother. This interface was also screened by impedimetric 

methods to investigate the electrochemical sensor potential of the system. 

This talk will cover growth of thin electroactive copolymer films from two different carboxylic acid functionalized 

monomers. The morphology of these copolymer films will be compared using AFM and FE-SEM images. The 

substitute dependent polymer film properties will be discussed, illustrating their protein anchoring capacity. 

Techniques employed for incorporation of a biorecognition layer made up of streptavidin to the copolymer film and 

its characterization will be introduced. The talk will discuss the potential of this biorecognition element modified 

electroactive copolymer film as a capacitive sensor for non-faradaic impedimetric analysis of biotinylated target 

molecules.  
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BiFeO3 is a multiferroic material with ferroelectricity and antiferromagnetism. A great deal of recent research activity 

on BiFeO3 has been triggered by an article published in Science [1]. It demonstrated that the ferroelectricity of BiFeO3 

can be enhanced more than ten times when BiFeO3 is epitaxially grown as thin film. Ever since, extensive studies 

have tried to further enhance its physical properties as well as to interpret the reason for physical properties 

enhancement found in thin film BiFeO3. When BiFeO3 grows epitaxially, it inevitably goes through lattice stress/strain 

imposed by the substrate materials that usually have different crystal structure and/or lattice parameter. Thus, a number 

of studies have tackled this challenging task of understanding of structural modification occurring within BiFeO3 thin 

films. While BiFeO3 thin films’ physical properties are rather well established in terms of epitaxial growth conditions, 

film thickness, and the types of substrate materials, the fundamental question of “what is the mechanism of physical 

property enhancement?” still remains elusive. In order to answer this question, precise structural analysis about 

stress/strain effect on epitaxially grown BiFeO3 film is imperative. It is worth noting that a couple of recent review 

articles pointed out that despite extensive theoretical and experimental studies, the crystal structure(s) of BiFeO3 thin 

films are still unclear owing to its crystallographically complex nature [2,3]. As a result, publications dealing with the 

structural characterization have not waned at all over the years [3]. In this study, we investigate, for the first time, the 

complete crystallographic detail of so called “highly strained BiFeO3” grown on LaAlO3 substrate by using multi 

zone axes transmission electron microscopy, (= experiment), combined with first-principles calculation (= theory). 

Detailed electron diffraction analysis combined with first-principles calculation allow us to determine the highly 

strained BiFeO3 exhibits a monoclinic structure with space group of Cm. Complete crystallographic information 

including the locations of all the basis atoms within the monoclinic unit cell will be presented. We will further discuss 

the growth mechanism as well as electronic structure of the “highly strained BiFeO3” using advanced electron 

microscopy techniques such as aberration corrected transmission electron microscopy and electron energy loss 

spectroscopy.  

Keywords: highly strained BiFeO3, crystal structure, transmission electron microscopy, structure factor calculation, 

first-principles simulation. 
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For each accelerator facility, e.g. the light source and the future electron-ion collider, the development of the photo 

injector is a key technology. Semiconductor photocathodes are widely used in various scientific experiments for the 

generation of ultracold, short bunched, and spin-polarized high-density electron beams. 

Phosphorus doped silicon carbide films were deposited on silicon substrate for structural characterization and on 

double side polished quartz glass (10x10 mm) for transmission photocathode preparation. Thickness of the films was  

in  the region 250-2000 nm. On one side of quartz glass was deposited Ti very thin film, thickness 5 nm, as adhesion 

film, before SiC film deposition. Ti film was deposited by electron beam evaporation. PECVD technology was used 

for SiC thin film growth. Concentration of elements in the films was determined by RBS and ERD analytical method 

simultaneously. The quantum efficiency was calculated from the measured laser energy and the measured cathode 

charge. RBS and ERD analysis indicated that the films contain silicon carbon, hydrogen, phosphorus and small amount 

of oxygen. Lift off technique was used for Al mesh preparation on SiC/quartz structures. Dry etching was used for 

SiC mesh preparation on quarzt glass using Al mask prepared by photolitography and lift off technique. Lift off 

technique was used for Al mesh preparation as contact on SiC mesh/quartz structures (transmission photocathode).  

The prepared transmission photocathode is placed on the hollow cathode assembly of the Pierce structure DC gun to 

produce photoelectrons.  The 15 ns UV laser pulses (quadrupled Nd:YAG laser, 266 nm) with laser spot size  5 mm 

are used to backside photocathode illumination. To draw the electrons from the photocathode a negative voltage was 

placed on the cathode. The bunch charge is measured by using Faraday cup (FC). Perspectives for implementation of 

P-doped SiC thin films on quartz glass transmission photocathode in DC gun technology and vectorial effect of laser 

pulse interaction with different thickness SiC wall mesh are discussed. 

This research has been supported by the Slovak Research and Development Agency under the contracts APVV-0443-

12 and  has been executed in the framework of the Topical Plan for JINR Research and International Cooperation 
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Ternary organic solar cells (OSCs), with a simple structure, can be easily adopted as sub-cells in a tandem design, 

thereby further enhancing the power conversion efficiency (PCE) [1, 2]. Ternary blend OSCs comprising two donors 

and one acceptor (or one donor and two acceptors) are emerging as a fascinating alternative to overcome the challenges 

encountered during spectrally broad light harvesting using multi-junction OSC processing while retaining the 

simplicity of a single-step processing of the active layer. Despite some successful examples of ternary OSCs achieved 

by carefully selecting multiple components [3, 4], the current PCEs generally continue to be far less than the state-of-

the-art binary and tandem systems. This is because the third component within the host binary systems can act as a 

recombination center or a morphological trap rather than a control agent to extend the absorption of the solar spectrum, 

since unfavorable interactions between the third component and host blend are inevitable. Therefore, the molecular 

compatibility of the active materials used in ternary OSCs is believed to be critical in achieving high PCEs [5, 6]. We 

speculate that in a vast pool of available active materials, the use of an archetype of high-performance  poly(4,8-bis(5-

(2-ethylhexyl)thiophen-2-yl)benzo[1,2-b;4,5-b']dithiophene-2,6-diyl-alt-(4-(2-ethylhexyl)-3-fluorothieno[3,4-

b]thiophene-)-2-carboxylate-2-6-diyl)) (PTB7-Th):[6,6]-phenyl-C71-butyric acid methyl ester (PC71BM) binary host 

can pave a shortcut for discovering ideal ternary systems. In addition to its appropriate energy level alignment and 

high-crystalline characteristics, a benzo[1,2-b;4,5-b']dithiophene (BDT)-based small molecule, namely DR3TSBDT, 

is intuitively expected to have good compatibility with PTB7-Th because of the molecular similarity in their 

backbones, which is based on identical BDT units. 

Given this background, a ternary OSC was designed and fabricated by incorporating DR3TSBDT as the additional 

donor into the PTB7-Th:PC71BM host matrix. The photovoltaic performance of OSCs fabricated using different 

DR3TSBDT concentrations was evaluated using a conventional architecture of indium-tin oxide 

(ITO)/PEDOT:PSS/active layer/Al under simulated AM 1.5G irradiation (100 mW cm-2). This paper presents a 

discussion on the representative ternary blend systems (0, 10, 25, 30, 40, and 100 wt.% DR3TSBDT loading ratios). 

PCEs of additional DR3TSBDT loading ratios are also examined in this study. Using highly optimized conditions for 

PTB7-Th:PC71BM binary OSCs, a maximum PCE of 10.10% was obtained, The PCE value reported in this study is 

comparable with that of the previous best OSCs based on PTB7-Th:PC71BM. Upon the addition till 25 wt.%  

DR3TSBDT into the host system, JSC increases continuously together with a moderate enhancement in FF (up to 

70.44%), whereas a marginal decrease in VOC was observed in the range of 0.794–0.772 V. Meanwhile, at DR3TSBDT 

loadings higher than 30 wt.%, a large drop in JSC was observed. Therefore, ternary OSCs with a 25 wt.% DR3TSBDT 

content exhibited the best photovoltaic performance with an unprecedented PCE of 12.1% (average PCE = 11.78 ± 

0.34%). The best device was sent to confirm the notable PCE from an independent laboratory.  Our in-depth study 

reveals that the exceptionally high PCE results from not only improving the photon absorption range but also 

facilitating charge transport while reducing recombination. This is achieved through a combination of cascade energy 

levels and optimized morphology. To understand the working mechanism and the different photovoltaic performances 

in the tested OSCs, we characterized the charge transport property and recombination dynamics. The similar surface 

energies of 28.4 and 30.6 mJ m-2 for DR3TSBDT and PTB7-Th:PC71BM host blend, respectively, calculated using 

Young’s equation provide additional proof of the good miscibility in ternary systems. This is further evidenced from 

energy dispersive X-ray analysis (EDAX) and optical microscopy. The EDAX elemental mapping indicates that the 

nitrogen signals from DR3TSBDT are well-spread and are adjacent to the fluoride peaks of PTB7-Th in the ternary 

blends. Each ternary film appears to be uniformly blended, at least at the scale shown in the optical microscopy, 

lacking any gross aggregation. The morphology and microstructure of the blend films were further characterized using 

atomic force microscopy (AFM), high-resolution transmission electron microscopy (HR-TEM), and grazing incidence 

wide-angle X-ray scattering (GIWAXS). Unlike common high-performance OSCs that favor face-on orientation, our 
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ternary OSCs have a mixed orientation, which is a combination of face-on and edge-on orientations, thus enabling 

much higher PCEs compared to the preferentially face-on orientated host system. 

Keywords: Ternary blend, high efficiency, face-on and edge-on, organic solar cell 

[1] CHA, H., CHUNG, D. S., BAE, S. Y., LEE, M.-J., AN, T. K., HWANG, J., KIM, K. H., KIM, Y.-H., CHOI, D. H. & PARK, 

C. E. 2013. Complementary Absorbing Star-Shaped Small Molecules for the Preparation of Ternary Cascade Energy Structures in 

Organic Photovoltaic Cells. Adv. Funct. Mater., 23, 1556-1565. 

[2] LU, L., CHEN, W., XU, T. & YU, L. 2015. High-performance ternary blend polymer solar cells involving both energy transfer 

and hole relay processes. Nature Commun., 6, 7327. 

[3] LU, L., XU, T., CHEN, W., LANDRY, E. S. & YU, L. 2014. Ternary blend polymer solar cells with enhanced power conversion 

efficiency. Nature Photon., 8, 716-722. 

[4] XIAO, L., GAO, K., ZHANG, Y., CHEN, X., HOU, L., CAO, Y. & PENG, X. 2016. A complementary absorption small 

molecule for efficient ternary organic solar cells. J. Mater. Chem. A, 4, 5288-5293. 

[5] AN, Q., ZHANG, F., ZHANG, J., TANG, W., DENG, Z. & HU, B. 2016. Versatile ternary organic solar cells: a critical review. 

Energy Environ. Sci., 9, 281-322. 

[6] ZHANG, J., ZHANG, Y., FANG, J., LU, K., WANG, Z., MA, W. & WEI, Z. 2015. Conjugated Polymer–Small Molecule 

Alloy Leads to High Efficient Ternary Organic Solar Cells. J. Am. Chem. Soc., 137, 8176-8183. 

Acceptance ID: 4T2B-O 

  



 

 221 

Ultra-low Operating Voltage of Thin-Film Transistors Enabled by Sputtered 

Electrolyte Dielectrics  

Xiaochen (Ma)1, Hanbin (Wang)2, Qian (Xin) 2, Aimin (Song) 1,2  

1School of Electrical and Electronic Engineering, University of Manchester, Manchester, M13 9PL, United 

Kingdom  
2 Center of Nan electronics and School of Microelectronics, Shandong University, Jinan, 100083, China  

E Mail: xinq@sdu.edu.cn; A.Song@manchester.ac.uk  

In the last decade, oxide-semiconductor based thin-film transistors (TFTs) have attracted much attention for large-

area applications such as flat-panel display drivers thanks to their high performance, low deposition temperature and 

low cost. In many of these applications, particularly portable/wearable electronics and low-power electronics, it is 

highly desirable for the TFTs to be capable of operating at low voltages. This generally requires a very thin gate 

dielectric layer, which however may cause gate leakage and low yield due to material surface inhomogeneity issues 

or in some cases mechanical stress when flexibility is required. High k dielectrics are also used to increase the gate 

specific capacitance and hence reduce the voltage required to switch TFTs on and off. However, they are typically 

grown by atomic-layer deposition (ALD) and require either an elevated substrate temperature during deposition or in 

post-deposition annealing. Furthermore, despite producing high-quality highly-conformal films, it is still challenging 

to apply ALD technique in high-throughput manufacturing with large-sized substrates.  

One interesting approach to achieving low-voltage operation is the use of ionic liquid or polymer electrolyte as gate 

dielectric, which can form an electric double layer with very high gate capacitance. However, in real applications, it 

is challenging to pattern and control the shape of ionic liquids or polymer electrolytes. Here, we present a controllable 

oxide electrolyte deposited by sputtering technique as the gate dielectric in InGaZnO TFTs. The TFTs show excellent 

properties with a threshold voltage close to 0 V, a low operating voltage of 1V, a low subthreshold swing below 

80 mV/dec, and a high on/off ratio. The structure of the sputtered electrolyte was characterized by scanning electron 

microscopy and transmission electron microscopy. The results demonstrate the promise of high-performance, fully-

sputtered oxide-semiconductor TFTs for low-power applications. 
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Nowadays, volatile organic compounds(VOCs) became a kind of important environmental pollutes, and the detection 

and treatment of which was very significant for environmental protection and human health. This work focused on 

the design and construction of inorganic/organic composited thin films formed by organic luminescence molecules 

and layered double hydroxides(LDHs) nanosheets. This composite thin film exhibited the outstanding luminescence 

properties, and aggregative/restrict induced luminescence and 2D Föster energy transfer process were realized within 

the LDHs interlayers. This composite thin film showed the prominent luminescence response for the occurrence, 

polarity of common VOCs, and have the ability to selective probe for four VOCs vapor. 
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Electrodes of the mogul-patterned structure are characterized by high degree of flexibility compared to other 

configurations. The flexibility performance is an important design factor in the semiconductor and biomedical devices. 

In this study, the structural characteristics of a mogul-patterned electrode were investigated with various geometrical 

aspect ratios and film thicknesses under the influence of external tensile force or compressive force applied to the 

heater. In addition, structural stability of the mogul-patterned electrode was evaluated using von Mises stress criterion. 

Numerical analysis was carried out using COMSOL ver. 5.2, and the results were graphically depicted. 

Keywords: Mogul-patterned structure, Aspect ratio, Mechanical characteristics 
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The copper is deteriorated by the grain boundaries (GBs) and the oxidation at GBs. So, the growth of the thin film 

without any GBs and any defects has been a dream for a long time. Especially, the fabrication of GB-free wafer scale 

metal film has never been reported. Therefore, our realization of the single crystal copper film of wafer-scale with 

RMS of 1Å and FWHM of 0.018˚ using conventional sputtering system is considered to be mysterious. Our detailed 

structural study on the copper thin film reveals how the nucleations initially build up, connected each other by epitaxial 

lateral overgrowth (ELO) and GBs disappear, which finally leads to single crystal film.  This study is applied to 

making transparent conducting electrode, meta material, growing single crystal graphene and also the grain-free wafer 

scale growth of other metal films such as silver, aluminum and nickel.  

Keywords: Single crystal thin film, copper, sputtering, grain-free, wafer scale 
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p-type transparent conductive oxides (TCOs) have aroused people’s attention due to their potential applications in the 

fields of photovoltaics, transparent displays, sensor arrays, photocatalysts and invisible integrated circuits [1]. Among 

various p-type TCOs, NiO is an attractive candidate. Its advantages include: wide bandgap above 3.6 eV, intrinsic p-

type conductivity, abundant availability, chemical stability, non-toxicity, low-cost, easy to produce etc. [2]. Recently, 

it was proposed that interstitial oxygen plays an important role on NiO film’s electrical properties. Holes can be 

generated from interstitial oxygen and are responsible for the film’s p-type conductivity [3]. Thus, how to introduce 

interstitial oxygen into NiO films has become a hot subject for researchers. In the current work, oxygen ion beam 

assisted RF sputtering is employed to deposit NiO thin films. Through this technology, O-rich NiO films are realized. 

The influence of the oxygen flow ratio (fO2) on the films’ optoelectronic properties is studied. The films’ structural, 

morphological, optical and electrical properties are investigated by X-ray diffractometer (XRD), field emission 

scanning electron microscope (FE-SEM), UV-Vis spectrophotometer and Hall measurement, respectively. The results 

show that with an increase in fO2, a degradation in the film’s crystallization is detected, which is assumed to be caused 

by the introduction of interstitial oxygen. Meanwhile, the carrier concentration enhances significantly and the carrier 

mobility reduces, and the film’s conductivity improves. Whereas, the films’ optical transmittance decreases when the 

fO2 rises. This is attributed to more scattering of the visible light in the films with poor crystallinity deposited under 

higher fO2. When the fO2 reaches 100%, the optimal p-type conductivity of 25 S·cm-1, with a carrier concentration of 

8.1×1019 cm-3 and a carrier mobility of 2.0 cm2V-1s-1 is achieved. In this condition, the film’s optical bandgap is around 

3.95 eV. 

Keywords: NiO films, oxygen ion assisted, optoelectronic properties, p-type conduction 
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Recently, glass-based transparent conductive electrodes (G-TCEs) with high electrical conductivity and optical 

transmittance in the ultraviolet (UV) region have been reported and successfully applied to AlGaN-based UV light-

emitting diodes (LEDs) as top electrodes [1]. In this device scheme, direct ohmic contact to p-AlGaN was obtained 

via conducting filament (CF) formed between the metal and p-AlGaN using an electrical breakdown (EBD) method. 

During the EBD process, metal atoms can be diffused and electrically doped in the p-AlGaN layer across the G-TCE 

such as AlN film. This electrical doping not only provide a channel for carrier injection but also improve ohmic 

behavior on p-AlGaN layers by electrical doping effects. In this study, we report electrical doping effects using various 

metals such as Pt, Ni, Ti, and Mg for 365 nm near-UV LEDs with AlN TCEs and demonstrate the improved 

performance when compared to the LEDs with typical ITO TCEs. 
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In contrast to well-studied oxide semiconductor based thin film transistors, very limited efforts have been made on 

oxide based diodes, although they are essential for transparent and low cost integrated circuits. Here, high performance 

Schottky diodes based on 100-nm InGaZnO (IGZO) and 50-nm Pd anode on SiO2/Si substrate have been realized.[1,2] 

Our results indicate that substrate annealing (300 oC, 30 min, in air) decreases Pd surface roughness and lead to 30 

meV increase in Schottky barrier height (B) and one order of magnitude increase in rectification ratio (Ion/off). 

Oxidation treatments, including oxygen plasma and UV-Ozone treatments, on Pd anode improve diode performance. 

Oxygen plasma treatment is more effective than UV-ozone treatment,  and it leads to 150 meV increase in B and two 

orders of magnitude increase in Ion/off. X-ray photoemission spectroscopy results show that oxygen plasma treatment 

induces more complete Pd oxidation, and thus ensures better oxygen stoichiometry at Schottky interface and higher 

anode work function. Using the optimized substrate and Pd treatments, we have achieved high performance IGZO 

diode with an extremely high Ion/off of 7.2×107 and a near unity ideality factor of 1.09. This is, the highest performance 

among the reported as-deposited IGZO Schottky diodes.  

Keywords: InGaZnO(IGZO), Schottky diode, annealing, oxidation treatments. 
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In the last years, a particular attention has been devoted to hydrogen detection. Hydrogen is the most promising clean 

renewable energy for the new transportations based on fuel cells. We fabricated Pd/metal-oxides/SiC-based hydrogen 

sensors operating directly at high temperatures around the vehicle engine. In this work, silicon carbide (SiC) was used 

as a substrate instead of silicon as the maximum operating temperature of the silicon for electronic devices is limited 

below 250 ℃ owing to its narrow bandgap energy. We investigated different thin metal oxides, such as Ta2O5, TiO2, 

and SiO2 layers, on a SiC substrate. To estimate response characteristics of the sensor, variations in capacitance and 

current-voltage characteristics after exposure to different hydrogen concentrations up to 2,000 ppm were examined at 

temperatures ranging from room temperature to 600 ℃ which is the maximum operating temperature of the SiC 

substrate. 

Keywords: hydrogen sensor, high temperature, metal oxides, SiC, palladium 
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Gallium nitride (GaN) semiconductor is one of the popular functional materials due to its various applications in 

optoelectronic and electronic devices. GaN films can be deposited by plasma-assisted molecular beam epitaxy 

(PAMBE) on different substrates, i.e. Si (111), Sapphire (0001) and 4H-SiC. Due to the lattice mismatch between 

GaN films and substrates, the substrates profoundly affect the growth mechanism of GaN films during the epitaxy[1]. 

Recently, two-dimensional layered transition metal dichalcogenides has attracted significant attentions for their 

potential applications in nanoelectronics, optoelectronics and spintronics. Layered growth molybdenum disuphide 

(MoS2) can be grown by pulsed laser deposition (PLD), chemical vapor deposition, or two-step sulfurization with 

molybdenum oxide [2]. This two dimensional material can be integrated in the growth of GaN films on c-Sapphire, 

but the limitation of growth temperature. In this work, GaN films were grown at low temperature (750 oC) by PAMBE 

on c-sapphire substrates with two-dimensional MoS2 which can be prepared by PLD and two-step sulfurization 

methods. The surface condition of the substrates and epi-layers were investigated by in-situ reflection high energy 

electron diffraction (RHEED) as shown in Figure 1. Scanning electron microscopy (SEM) and atomic force 

microscopy (AFM) were used for the observation of surface morphorlogy. High resolution X-ray diffraction 

(HRXRD) was also conducted to determine crystal orientations and defect densities of the GaN films. Their residual 

strains and optical properties were studied by photoluminescence (PL) spectra. X-ray photoelectron spectroscopy 

(XPS) was used for the analysis of surface composition of GaN epi-layers. The purpose is to study the influence of 

these MoS2 layers on the growth mechanism of GaN films by PAMBE for the diverse applications in the future. 

Keywords: GaN, molecular beam epitaxy, MoSs, pulsed laser deposition, sapphire 

 

Figure 1. RHEED patterns of PLD MoS2/c-sapphire, two-step sulfuriczation MoS2/c-sapphire and c-sapphire as substrates for the 

epitaxy of GaN films. 
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Non-linear optical (NLO) response of materials is opening new technological applications, in optical communications, 

data storage and development of new sensors, for example. The presence of a mesostrucure in the material can change 

its NLO response. We prepared films of SiO2:DR1 with a hexagonal structure by using CTAB surfactact. The 

surfactanct was taken out by thermal and chemical treatment. The mesostructure was probed by X-ray diffraction. The 

thickness of the films was determined by SEM. We studied the second harmonic generation (SHG) of these films at 

different incident angles, under a Corona poling. The time response of SHG is reported at each angle. These results 

show a saturable curve as function of the angle.  
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Corrosion is a major problem in modern societies costing nations more than billions of dollars every year. Various 

approaches are undertaken for corrosion protection, protective coating being one of them. The different types of 

protective layers used, metallic or alloy based organic layers, polymeric films, paints and varnishes, anodized oxide 

layers etc., depend upon their ability to form a barrier between the active metal surface and the atmosphere [1-3]. 

Apart from general coating failures like flaking or cracking disposal of coating baths, like chromates, have serious 

environmental impacts. Moreover, most of the conventionally used protective coatings result in increased thickness 

as well as changes in optical, electrical and thermal properties of the base material. Graphene, in single and multilayer 

form has the potential to form ultrathin coatings which does not alter the properties of the underlying material [4-6]. 

Graphene is considered to be inert under various atmospheres along with being impermeable to gas molecules thereby 

forming a natural diffusion barrier [7]. These properties make graphene a potentially important candidate for 

anticorrosion films. Graphene layers have been investigated on copper, nickel, aluminum and stainless steel substrates 

using CVD, Langmuir-Blodgett method, electrophoretic deposition, electrospray etc. [4-6] of which CVD has 

emerged as the most favored method. Elaborate and expensive experimental arrangements and precise control of 

temperature, concentration of precursor material and time of exposure is required to generate good quality films using 

CVD. However, to make use of graphene films for anti-corrosion properties more viable it is necessary to develop a 

low temperature, fast and effective method of film deposition so that all kinds of substrates can be easily coated. 

We report a simple low temperature cost effective method of fabricating anti-corrosion films of graphene prepared 

through wet chemical synthesis. Graphene/graphene-TiO2 films were developed on low alloy steel coupons via dip 

coating technique and were subsequently dried in air oven at 75oC. The process was repeated to develop multiple 

coating layers. The formation of graphene was confirmed using XRD and Raman spectroscopy. The coated substrates 

were tested for their corrosion resistance under different environments. The corrosion rate was determined using Tafel 

extrapolation method. Cyclic voltammetry studies were conducted to study the oxidation behavior under corrosive 

environments and AC impedance spectroscopy analysis was carried out to estimate the polarization resistance. 

Reduction of up to 70% in corrosion rate was noticed for composite graphene coatings. 
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Mechano-responsive luminescent materials are a class of “smart” materials with luminescent properties that change 

in response to external force stimuli. These materials are widely used in sensors, memory chips, and security inks. 

However, organic mechano-responsive luminescent materials were very limited several years ago. In recent years, our 

group have synthesized many organic mechano-responsive luminescent materials covering fluorescence, 

phosphorescence and thermally activated delayed fluorescence (TADF), including mechanoluminochromic materials, 

mechanoluminescent materials, and mechano-responsive afterglow materials. 

 

Figure 1 (a) Mechanoluminescence, (b) Mechano-responsive AIE-TADF dual-emission, (c) Mechano-responsive 

fluorescence/phosphorescence dual-emission, (d) Mechano-responsive afterglow. 
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Recently, vanadium dioxide (VO2) has been extensively concerned and studied for its insulator-to-metal transition 

(IMT) near the room temperature at picosecond time scales. This phase transition can be induced thermally, optically 

or electrically. As a result of IMT, the conductivity of VO2 can increase by four orders of magnitude and the optical 

transmission in the near-IR will decrease significantly. Utilizing the IMT in VO2, frequency-tunable metamaterials 

with arrays of Ag split ring resonators (SRRs) have been reported in the near-IR range from 1.5 to 5 microns [1]. 

Mikhail A. Kats fabricated Y-shaped antennas on a 180-nm-thick VO2 film deposited on sapphire substrate, and 

achieved approximately 10% tunability of the resonance frequency at the center wavelength of 10 μm [2]. With the 

development of practical application of VO2, VO2 has been used in many research hotspots. For example, a 

sandwiched structure ZnO/VO2/ZnS forming a VO2-based smart window exhibited a high solar modulation ability 

(∆Tsol = 13.01%), and maintained a high Tlum at 63.24% and 57.39% both in semiconducting and metallic phases [3].  

However, most of the reported metamaterials based on VO2 are worked on the complete IMT effect. As a matter of 

fact, it has been proved that the insulating and metallic phases coexist in VO2 around the phase transition temperature 

Tc [4]. Dielectric properties determined by the volume fractions of insulating and metallic phases in VO2 should also 

change correspondingly. Utilizing this property of VO2, ultra-thin perfect absorber with a single VO2 layer of thickness 

much smaller than the incident wavelength on an opaque sapphire substrate realized a large continuous tuning range 

(from ~80% to 0.25% in reflectivity) at λ = 11.6 μm [5]. Moreover, our recent work [6] has found a new Raman peak 

at 166 cm-1 in over oxidized VO2, which was attributed to the characteristic peak of V4+/V5+ mixed valence states. 

Therefore, it becomes more significant and interesting to have further study on the dielectric properties of VO2 and 

utilize them to redesign our tunable or active devices.  

In this work, effect of the retarded IMT of VO2 caused by the dual-phase properties were concentrated on the thermal 

tuning of mid-infrared absorption. Here, we firstly deposited the over oxidized VO2 by pulsed laser deposition (PLD), 

and conducted the dielectric analysis by a Drude-Lorentz classical oscillator model [7]. Secondly, the dielectric 

constants with different metallic phase volume fraction were calculated by the Bruggeman formula [8]. Then, the 

VO2-based infrared metamaterial absorber was fabricated, tested and studied to support the retarded IMT in VO2 near 

Tc.  
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Growing plasmonic materials as cermet composites is attractive for selective solar absorbers.  Silver 

nanoparticles/alumina cermet shows reasonable resistance to high-temperature oxidation; however, an inherent long-

range inter-layer diffusion confines their applications at elevated temperatures. In this work, a well-designed Ag-

TiAlN and AgAl-TiAlN nanocermets exhibit stable plasmonic absorption characteristic with ignorable degradation at 

550 °C for 6 h in air. Based on this cermet, TiAlON/Ag-TiAlN/AgAl and TiAlON/AgAl-TiAlN/AgAl tandem 

absorbers were constructed successfully, representing a high solar absorptance (≈94%) and a low infrared emittance 

(≈8%) in the whole spectrum of solar light. Thermally induced out-diffusion of Al atoms and their oxidation in air 

afford an opportunity to form alumina capped Ag nanoparticles. Alumina capped Ag nanoparticles agglomerate 

together suppressing the long distance diffusion of active layer. TiAlN layer acts as an absorber layer as well as 

diffusion barrier for the base layer. Photoluminescence and ellipsometery techniques were employed to study the 

optical properties of the cermet absorber. UV-Visible spectroscopy, micro-Raman spectroscopy and X-ray 

photoelectron spectroscopy techniques were used to test the thermal stability. These results proved that the cermet 

absorber is highly efficient for low-mid-high temperature applications. 
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Polymer based materials face severe damage from atomic oxygen (AO) in low earth orbit (LEO). In this work, a novel 

solution based coating method has been proposed, which adopted the inorganic polymer of 

perhydropolysilazane(PHPS) as precursor material, then coated it on the polyimide film by dipping process, and 

finally cured the coating under moisture atmosphere. The cured PHPS converted into silica with O/Si ratio of 1.9. The 

coating is dense and transparent with excellent adhesion to the commercial Kapton polyimide film. The coated Kapton 

film exhibited not only excellent atomic oxygen resistant properties with only 4% weight loss under radiation of 

atomic oxygen with fluence of 1.2E21 atoms/cm2, but also superior abrasion resistant ability with only slight scratches 

after 2000 times abrasion test under load of 15000N/m2 with a face to face testing mode. This work has provided a 

new choice for robust, easy-implement, atomic oxygen resistant coating for the polymer based materials used on the 

spacecrafts. 

 

Fig.1 (a) The SEM image of the obtained coating, (b) The SEM image of the coating after AO radiation test, (c) The cross-section the 

coating, (d) The weight loss of the bare Kapton film and coated Kapton film with coating thickness of 600nm under AO radiation, (e) The 

SEM image of the coated Kapton after abrasion test, (f) The EDS spectrum of trench area caused by friction, inset is the element 

composition.    
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Transition metal nitrides exhibit many important mechanical and chemical properties for technological applications, 

such as superconductivity, extreme hardness and wear resistance. The attractive structural properties of niobium 

nitride make it possible for many applications. As is well known, niobium nitride thin films could be used as gas 

sensors, diffusion barriers in Josephson junctions, possible cathode materials in vacuum microelectronic devices and 

coatings for superconductive cables. NbNx crystallize in different phases, including β-Nb2N (hexagonal), γ-Nb4N3 

(tetragonal) δ-NbN (face-centered cubic), δ´-NbN (hexagonal), -NbN (hexagonal) and η-NbN (hexagonal) structure. 

The diffusion of nitrogen onto the niobium surfaces can be created by high substrate temperature with suitable nitrogen 

background gas pressure.  

In the present work the nitridation of niobium films by thermal processing at 1300°C in different  nitrogen pressures 

ranging from 2.610-4 to 3.3 Pa  was investigated. The NbNx films were successfully deposited by thermal heating on 

niobium substrates. The effect of nitrogen background pressure was compared with regard to NbNx phase and reaction 

with the Nb substrate. The formed phases were characterized by X-ray diffraction (XRD) and atomic force microscope 

(AFM). Electronic structure of the NbNx films was investigated by X-ray absorption near edge structure (XANES).  

The phase transition followed a sequence of -NbN -Nb2N when nitrogen pressure was increased. As pressure 

increases to more than 0.13 Pa the samples are having -NbN phase mixed with β-Nb2N phase. Increasing nitrogen 

pressure results more -phase concentration accompanied with increase of other phases.  
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Solid particle erosion influences many industries such as aerospace, power generation, coal mining, as well as in 

manufactured goods like pipe line in petroleum refining, helicopter rotor blades, pump impelling blades, rocket 

nozzles in jet engines, which caused great economic losses. Therefore, many researchers have investigated the solid 

particle erosion behavior of metal, polymer and their composite materials worn by solid particle. While fiber 

reinforced polymers take place in most of the studies conducted on solid particle erosion of composites, studies 

involving erosion on composites with coating materials can hardly be encountered. The poor erosion resistance of 

thermoplastic composites causes severe problems if the material is subjected to solid particle erosion. To overcome 

this problem, erosion resistant magnetron sputtered PVD coatings were deposited on GF/EP and CF/EP substrates. 

This is due to the fact that it is not easy to clearly understand erosion mechanisms of these types of composites, 

properties of their components and their interface interactions. The world of advanced science and technology has 

always been in need of materials with superior properties for better operational performances. Parallel to such needs, 

the importance and industrial usage of polymer composites have tremendously increased. The composites are 

extensively used as structural materials in various components and engineering parts in automobile, space craft 

industry, marine and energy conversion systems due to their excellent specific properties. The underlying reason for 

this is the fact that these composite materials exhibit high strengths, possess better coating properties and are economic 

as well. Meanwhile, advanced scientific researches on these materials are progressively carried out. Protective 

coatings produced by Physical Vapour Deposition (PVD) can increase the life time of the components. Therefore; in 

this study, ≈0.15 m thickness ZrN coatings are applied on GF/EP and CF/EP by magnetron sputtering to gain an 

improved understanding of the erosion resistance. The impingement angles used in the tests were 30, 60 and 90, 

while the impact velocity was 34 m/s. Al2O3 particles with an average diameter of 400 m was used. All test specimens 

regardless of their various properties exhibit maximum erosion rates at 30 impingement angle and thus exhibiting 

similar behavior as that observed for ductile materials. SEM views were performed on the surfaces in order to 

characterize the erosion mechanism. The erodent particles of the both coating layer and composite matrix were found 

of main role in governing the wear progression. The measured erosion rates were sensitively correlated with the 

material removal process in order to explain the changes within the interfaces. 

Keywords: Solid particle erosion, ZrN coating, GF/EP, CF/EP, PVD, Erosion rate. 
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Since the first report on the organic field-effect transistor (OFET) in 1986, conjugated semiconducting polymers have 

attracted significant attraction as active layers of field-effect transistors (FETs) in recent years because of their 

excellent charge carrier transport ability, simple solution processibility, and uniform large-area printability. In 

addition, mechanical durability, flexibility and facile chemical structure modification of semiconducting polymers 

make them an emerging candidate material for next-generation optoelectronic devices. In order to minimize power 

consumption of integrated circuits in electronic devices driven by PFETs, particularly for portable devices, lowering 

Vths or precise adjustment of Vths of PFETs is necessary. So far, a number of experimental approaches have been 

envisioned for reducing Vths, such as employing floating gate, high-dielectric constant (k) gate insulators, layered 

device structures, and photo-induced charge-transfer effect. Among them, because of its effectiveness, photo-induced 

charge-transfer, which utilizes inducing enhanced mobile charge carrier concentration in the FET channels for the Vth 

modulation, has received particular attention. In this work, we have studied photo-induced optoelectronic properties 

of conjugated polymers from device characterization and quantum calculation on the polymers. It was demonstrated 

that the photo-sensitive conjugated polymer with electron donor-acceptor dyads can modulate charge accumulation 

by photo-irradiation resulting in threshold voltage shift in the polymer field-effect transistors (PFETs) while this effect 

of the photo-inactive polymer is relatively low. These results suggest that the feasible molecular design strategies can 

provide an effective platform to achieve controllable threshold voltage modulation in PFETs. 

Keywords: Conjugated polymers, Polymer field-effect transistors, Threshold voltage, Photo-induced charge-transfer 
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Recently, the growing demand for ultraviolet optoelectronic devices, such as UV-LEDs, promotes call for suitable 

transparent conductive material. Tin-doped indium oxide (ITO) with low resistivity and high transparency has been 

widely used as transparent conductive layer in visible region[1]. However, the traditional ITO shows serious 

absorbance in the UV range because of an optical bandgap of 3.8 eV[2]. By extending the transmission window into 

UV range, ITO would become a promising UV-TCL material. In this work, we studied the electrical and optical 

properties of the ITO thin films grown by metal-organic chemical vapor deposition (MOCVD) and their application 

to UV-LEDs. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 (a, b) Cross-sectional (High Resolution) TEM measurements; (c) 

The comparison of the optical bandgap of ITO grown by different 

techniques; (d) Transmittance spectrum of ITO deposited by MOCVD and sputtering; (e) I-L measurement of UV-LEDs with MOCVD-

ITO and Sputter-ITO TCL. 

 

ITO thin film was grown on double-side polished c-plane sapphire by MOCVD. The as-grown ITO is polycrystalline 

(Fig. 1(a)&(b)) and the resistivity of the film is 2.75×10-4 Ω⋅cm. Significant widening of optical bandgap from the 

well-known 3.8 eV to 4.7 eV have been observed. Because of the difference in preparing methods and conditions, the 

reported optical bandgap of ITO thin films conflicts seriously even for samples with similar electron concentration 

and conductivity. In Figure 1(c), the optical bandgap Eg is, together with some results reported by other groups, plotted 

as a function of carrier concentration n. For the samples grown by MOCVD in our work, the widening of bandgap as 

large as ΔEg=0.98 eV is at least 0.4 eV larger than the reported value [3-8]. Thus, high transmittance at UVA/UVB 

region is achieved, which make it promissing for UVA/UVB optoelectronic device application. 

 

 

Table 1. Comparison of UVA transmittance for different conductive materials. 

 Thickness 

(nm) 

Sheet Resistance 

(Ω/sq) 

Averaged UVA 

Transmittance (%) 

Textured ITO (this work) 90 30.6 94 

MgZnO:Al 500 49 70 

Silver Nanowire  32 89.9 

Carbon Nanotube 100 53 <50 

Graphene 3.5 520 <85 
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Correlated Metal SrVO3 10 45 40 

Furthermore, we fabricated UV-LEDs with two different ITO layers, one is grown by MOCVD and the other one is 

deposited by magnetic sputtering. As shown in Fig. 1(d), the ITO deposited by MOCVD shows show great 

enhancement in UVA/UVB transmittance. The I-V characteristics of two LED sampes are similar while the sample 

with MOCVD-grown ITO has slight lower foward voltage. The I-L measurement shows that the light output power 

of the UV-LEDs with MOCVD-grown ITO increased by 16.8% at 600 Ma (Fig. 1(e)). These results strongly suggest 

that ITO is a promising transparent conductive material for optoelectronic devices. 

Keywords: ITO, UV transparent conductive, UV light emitting diode 

[1] CHANG, S. J., SHEN, C. F., CHEN, W. S., KUO, C. T., KO, T. K., SHEI, S. C. & SHEU, J. K. 2007. Nitride-based light 

emitting diodes with indium tin oxide electrode patterned by imprint lithography. Applied Physics Letters, 91, 3. 

[2] KUO, C. H., CHEN, C. M., KUO, C. W., TUN, C. J., PAN, C. J., PONG, B. J. & CHI, G. C. 2006. Improvement of near-

ultraviolet nitride-based light emitting diodes with mesh indium tin oxide contact layers. Applied Physics Letters, 89. 

[3] FUJIWARA, H. & KONDO, M. 2005. Effects of carrier concentration on the dielectric function of ZnO : Ga and In2O3 : Sn 

studied by spectroscopic ellipsometry: Analysis of free-carrier and band-edge absorption. Physical Review B, 71. 

[4] HAMBERG, I., GRANQVIST, C. G., BERGGREN, K. F., SERNELIUS, B. E. & ENGSTROM, L. 1984. Band-gap widening 

in heavily Sn-doped In2O3. Physical Review B (Condensed Matter), 30, 3240-9. 

[5] KIM, H., GILMORE, C. M., PIQUE, A., HORWITZ, J. S., MATTOUSSI, H., MURATA, H., KAFAFI, Z. H. & CHRISEY, 

D. B. 1999. Electrical, optical, and structural properties of indium-tin-oxide thin films for organic light-emitting devices. Journal 

of Applied Physics, 86, 6451-6461. 

[6] KIM, H., HORWITZ, J. S., KUSHTO, G., PIQUE, A., KAFAFI, Z. H., GILMORE, C. M. & CHRISEY, D. B. 2000. Effect 

of film thickness on the properties of indium tin oxide thin films. Journal of Applied Physics, 88, 6021-6025. 

[7] RAY, S., BANERJEE, R., BASU, N., BATABYAL, A. K. & BARUA, A. K. 1983. Properties of tin doped indium oxide thin 

films prepared by magnetron sputtering. Journal of Applied Physics, 54, 3497-501. 

[8] TUNA, O., SELAMET, Y., AYGUN, G. & OZYUZER, L. 2010. High quality ITO thin films grown by dc and RF sputtering 

without oxygen. Journal of Physics D-Applied Physics, 43. 

Acceptance ID: G53V-P 

  



 

 246 

Effects of Thermal Annealing on Electrostatic Capacitance Properties for High-k 

ZrO2 Layers Grown on Ge 

Youngmin Lee,1 Dong Jin Lee,1 Hwauk Lee,2 Sejoon Lee1,2,*  

1 Quantum-functional Semiconductor Research Center, Dongguk University, Seoul 04623, Korea 
2 Department of Semiconductor Science, Dongguk University, Seoul 04623, Korea 

*E-Mail: sejoon@dongguk.edu 

We investigated the effects of thermal annealing on the electrostatic capacitance properties of the high-k ZrO2 layers 

grown on p- Ge at 500C by r.f. magnetron sputtering. During the growth of ZrO2, we maintained the higher oxygen-

partial pressure (i.e., O2/Ar > 1) so as to avoid oxygen deciciencies in ZrO2. The samples were subsequently annealed 

at 600-700C for 60 s in Ar ambience. For the as-grown ZrO2 layer, the maximum capacitance (i.e., Cmax at the 

accumulation mode) was observed to drastically decrease with increasing frequency of ac signals. After thermal 

annealing at temperatures above 600C, however, the dielectric characteristics of the ZrO2 layers were much 

improved. Namely, after annealing at 600 - 650C, Cmax was more than 3-times-increased and was much stabilized at 

wide frequency ranges. These indicate that the defect density was effectively decreased through thermal annealing. 

From results of x-ray photoelectron spectroscopy, we confirmed the above features to arise from the stabilization of 

Zr-O bonds. The best electrostatic permittivity was ~24, the equivalent-oxide-thickness was <4 nm, and the dielectric 

breakdown field was >1 MV/cm. The results suggest that the dielectric characteristics of ZrO2 can be effectively 

improved through thermal annealing. 

 
Fig. 1. C-V characteristic curves of (a) as-grown, (b) 600C-annealed, (c) 650C-annealed ZrO2 layers. (d) Dependence of Cmax on 

frequencies for the as-grown and annealed ZrO2 layers. 
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Secondary electron emission (SEE) materials have broad applications in various vacuum electronic devices, such as 

electron and photoelectron multipliers and plasma display panels. Among various SEE materials, Ag-Mg alloy has 

been utilized due to the advantage of high secondary electron yields (δ) of MgO film developed on the alloy 

conventionally through a thermal activation process in various atmospheres, such as oxygen, carbon dioxide and water 

vapor. Depending upon the activation parameters, Ag-Mg alloys with MgO films of 20-200 nm thick and δ values in 

the range of 3-12 can be obtained. However, poor resistance to electron/ion bombardment and short lifetime of the 

Ag-Mg alloy cathodes restrict their practical application. In this study, MgO thin film of ~50 nm containing alumina 

were developed on a Ag-Mg-Al alloy through an activation process performed at 550°C for 30 min under oxygen 

pressures of 20.0 Pa. Surface film composition and component distribution for the alloy are also characterized by 

Auger Electron Spectroscopy (AES). SEE property and preliminary electron bombardment testing for the alloy after 

proper activation are also investigated. Element depth profiles of the activated alloy derived from AES reveal that the 

top surface consists of pure MgO and alumina locates beneath the top surface MgO layer, which is due to higher 

migration rate of magnesium than aluminum during activation. The activated aluminum-containing alloy exhibit 

superior secondary electron yield of 7.9 and better resistance to electron bombardment comparing to conventional Ag-

Mg alloy cathode, which is attributed to the alumina present in the surface MgO film, resulting in increased bonding 

energy and consequently better working stability of the film.  

Keywords: MgO thin film; Ag-Mg-Al alloy; activation; secondary electron yield; electron bombardment 

 

Fig. 1 Element depth profiles of the Ag-2Mg-2Al activated at 500°C for 30 min at PO2=20 Pa. 

Fig. 2 Secondary electron yields for the activated alloy specimens under constant electron bombardment for 50 h.  

References 

[1] F. Yang, J.S. Wang, W. Liu, X. Liu, M. Zhou, “Studies on the pressed yttrium oxide-tungsten matrix as a possible dispenser 
cathode material” Mater. Chem. Phys., vol. 149-150, pp. 288-294, October 2015. 

[2] P. Wargo, B.V. Haxby, W.G. Shepherd, “Preparation and properties of thin film MgO secondary emitters” J. Appl. Phys., vol. 
27, pp. 1311-1316, November 1956. 

[3] Q. Zhang, J.S. Wang, F. Zhou, W. Liu, F.F. Wang, C. Lai, “Influence of activation parameters on the thickness of MgO thin 
film on Ag-3Mg alloy and its secondary eelctron emission property” Mater. Res. Bull., in press. 

 

 

0 30 60 90 120 150 180

0

20

40

60

80

100

Mg

O

Al

A
to

m
ic

 C
on

ce
nt

ra
ti

on
 (

%
)

Depth (nm)

 Mg

 O

 Al

 Ag

Ag

 

0 10 20 30 40 50
0

2

4

6

8

S
ec

o
n

d
ar

y
 e

le
ct

ro
n

 y
ie

ld
, 


Bomdment time (h)

 Ag-2Mg-2Al

 Ag-3Mg

1 2 

mailto:zhoufan@bjut.edu.cn


 

 248 

Acceptance ID: HCB8-O 

  



 

 249 

Black diamond: A piece of jewelry for science and technology 

Gufei Zhang1*, Tomas Samuely2, Jozef Kacmarcik2, Paul W. May3, Evgeny A. Ekimov4, Johan 

Vanacken1, and Victor V. Moshchalkov1 

1INPAC-Institute for Nanoscale Physics and Chemistry, KU Leuven, Belgium 
2Centre of Low Temperature Physics, Institute of Experimental Physics, Slovak Academy of Sciences & Faculty of 

Science, P. J. Safarik University, Slovakia 
3School of Chemistry, University of Bristol, UK 

4Vereshchagin Institute for High Pressure Physics, Russian Academy of Sciences, Russia 

 

Since the preparation of synthetic diamond by Dr. H. T. Hall at General Electric in 1954, industry has benefited more 

and more from this material. With a low fabrication cost, synthetic diamond brings in nearly all the unique advantages 

of natural diamond, e.g., the robust mechanical strength, the extraordinarily high thermal conductivity, the remarkable 

resistance to contamination and chemical etching, and so on. Besides, the remarkable electronic properties of blue 

diamond (lightly boron-doped diamond), has made this cost-effective semiconductor a promising candidate for the 

21st-century microelectronics and power electronics. After 2004, the application range of artificial diamond has been 

further extended owing to the superconductivity discovered in black diamond (heavily boron-doped diamond). For 

example, well functional superconducting quantum interference device (SQUID) and local probing tips have been 

made of black diamond. 

Black diamond also provides a powerful stage for solving some interesting puzzles, which are not only relevant for 

practical concerns but also significant in fundamental science. The observation of superconductivity in bad conductors 

(doped insulators such as high temperature superconductors and black diamond) is an intriguing question directly 

linked to the origin of superconductivity. In addition, the influence of disorder on the quantum condensate of Cooper 

pairs still remains an attractive topic, after accompanied the ever growing list of superconductors for nine decades. 

Note that as a result of the used preparation method, synthetic black diamond is generally granular disordered. Here 

we present the observation of a series of anomalous electrical transport, magnetic, specific heat and local 

superconducting properties of granular black diamond. These anomalies, demonstrating a bosonic nature, are 

interpreted as a result of quantum confinement and coherence effects in the presence of intrinsic and extrinsic 

granularity. Our data, obtained for black diamond, provide a reference for understanding the superconductivity in 

other granular disordered systems. 
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Electroforming process is a specialized electroplating technology for the development of micronscale-sophisticated 

metal architectures using a cathode mandrel or template.[1] In combination with lithography technology, 

electroforming has been widely used for development of microelectromechanical systems (MEMS), as part of a 

process called LIGA.[2] In order to fabricate metal thin structure, the separation of the metal film from the mold 

without deformation or damage is one of the most important steps in the electroforming process. In addition, the mold 

has to be electrically conductive to draw metal ions from the solution, while the deposited metals must have less 

adhesion with the mold to facilitate its removal. 

In this study, we introduced a chemical vapor deposition (CVD) graphene grown on a Cu foil as a template, which 

provides high electrical conductivity and low adhesive force with the template, thus enabling an effective 

electroforming process. Graphene provides the required conductivity for electrodeposition, as well as a low adhesive 

force for effective delamination from the  thin film, which enables continuous processing. The adhesion between an 

electroplated Cu film and graphene is much less than that between graphene and the Cu foil that was used for CVD. 

The surface morphology of the deposited Cu film resembles the flat surface of the graphene/Cu template. This study 

effectively connects the electroforming process aided by graphene to the concept of flexible electronic devices and 

provides an approach for the practical implementation of a conducting line or frame in electronics packaging of a 

flexible circuit board for LED arrays.[3] 

 

Figure 1. Free-standing Cu thin film from an electroforming process. 

Keywords: Electroforming process, graphene, copper, electrodeposition, flexible circuit board  
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TiO2 has been widely investigated due to its versatile functional properties for applications energy and environment. 

Recently, black and colored titania oxides  exhibiting exceptional photocatalytic properties were reported. A series of 

TiOx (0<x≤2) thin films with different Ti/O ratio were deposited on Si substrates by reactive magnetron sputtering of 

Ti metal in the Ar+O2 plasma. The influence of the deposition/annealing temperatures and oxygen flow rate on the 

structure, and mechanical, electrical and photocatalytical properties of the films was studied. With increasing the 

oxygen flow rate, the following phases appeared in the following order: Ti metal, Ti-O solid solution, TiO, Ti2O3, 

Ti3O5, Magnéli phases (Ti4O7 and Ti5O9) and rutile and anatase TiO2.  With increasing the processing (deposition or 

annealing) temperatures, the crystallinity of the films was improved, which resulted in changes of film properties. The 

trends of hardness and electrical conductivity of the ceramic TiOx films were TiO>Ti2O3>Magneli phases and then 

the rutile phase. The mixed Magneli films exhibited superior photocatalytical properties to those of pure titania films. 

 

Keywords：Titania; TiOx, Titanium suboxide; Reactive sputtering; Magneli phase; Nanoindentation. 
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Molecular Self-Assembly on Two-Dimensional Atomic Crystals 

 

Organic molecular self-assembly on two-dimensional (2D) materials has wide potential applications, such as 

passivation layers, organic electronics, photonic devices, solar cells, and graphene-based devices, while understanding 

the dynamic mechanism of the self-assembly falls far behind its application. Therefore, it is crucial and urgent to 

understand the physical mechanisms on the self-assembly. Via molecular dynamics simulation, we successfully 

visualize the nanoscale self-assembly of organic molecules on graphene and boron nitride monolayer from a 

disordered state to an ordered structure.1,2 On the basis, we reveal that the intermolecular hydrogen-bonds play a key 

and positive role in the self-assembly.3 They can significantly broaden the nucleation area, raise the stability-

metastability critical temperature, accelerate the nucleation process, and guide the nucleation direction.3 Moreover, 

we propose an effective passivation approach, self-assembly of organic molecules on black phosphorus (BP), to 

protect BP from the degradation without breaking the original electronic properties of BP.4 
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We have proposed an improved Pentacene-based Organic Thin Film Transistor (OTFT) with oxidized MoO3/Au 

bilayer source-drain. A low-cost deposition method developed in the laboratory is used to prepare oxidized MoO3/Au 

bilayer source-drain. OTFT devices with the oxidized MoO3/Au bilayer source/drain electrode exhibit better 

performance than the lab made MoO3/Au bilayer source/drain OTFT devices. The field-effect-mobility, on-off ratio, 

threshold voltage and subthreshold slope of devices with oxidized MoO3/Au bilayer source/drain electrode OTFT are 

1.7cm2v-1s-1, 2.5×106, -3.5 volts and .39 v/decade respectively. 
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The surface properties of a thin film were determined by dynamic-nano indentation method, which was verified by 

finite element analysis. The specimens were magnetron sputtered Cu thin film on Invar (Fe-35%Ni) sheet which was 

prepared by electroforming. The deposit rate of copper on electroformed Invar thin sheet increase with sputter power. 

The surface resistance of Cu/Invar sheet was reduced to 67% comparing to that of Invar sheet. The elastic stiffness, 

friction coefficient and fatigue limit of the Cu/Invar were 45, 0.130, 0.093, respectively. The load-time-displacement 

curves of the bulk, the hard coating deposit and the thin film determined by dynamic-nano indentation method well 

described their elastic stiffness. The micro-Vickers hardness of the Cu thin film was 240 [Hv], respectively. The 

empirical equation between micro-Vickers hardness and nano-hardness was Y[GPa]=9.18x10-3X[Hv]. The finite 

element analysis of a load distribution at the nano indenter tip based on static linear and non-linear conditions showed 

that 1 mN-loading made 486 [mN] at copper. The load estimation by finite element analysis was well agreement with 

the dent deformation observed by surface probe microscopy. 
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The novel physical properties of two-dimensional and layered “beyond graphene” chalcogenide materials suggest a 

strong base to study new fundamentals underlying condensed matter physics. Among these materials layered arsenic 

monosulfide is a key to advancing 2-D photosensitive devices [1, 2] such and quantum computer [3]. Here we 

demonstrated the synthesis of two dimensional arsenic monosulfide (As4S4) via interaction of elemental arsenic and 

sulfur in low-temperature non-equilibrium plasma discharge at low pressure.  

Plasma samples were prepared by a set-up with scheme shown on Fig.1.  

 
Fig. 1. Principal scheme of the PECVD setup. 

The study of the samples macro-composition was carried out by X-ray microanalysis using a scanning electron 

microscope JSM IT-300LV (JEOL) with an energy-dispersion detector for elemental analysis X-MaxN 20 (Oxford 

Instruments) under high vacuum and at accelerating voltage of 20 kV. 

IR spectrum of prepared on sodium chloride substrate As4S4 thin film is presented in fig. 2a. There are no lines of own 

or selective absorption bands in the range of 2-17 microns and degree of transparency reaches the value of 90 %. High 

parameters of IR transparency may be explained by high purity of the initial substances, their additional purification 

in plasma discharge and small thickness (about 500 nm) of the thin film. Strong structural photoluminescence of As-

S thin films deposited on SiO2 and NaCl substrates with maximum on 575 nm was measured at excitation of 473 nm 

laser (fig. 2b). 
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Fig. 2. IR absorption spectra of prepared As4S4 thin films (a) and photoluminescence of As-S thin films deposited on SiO2 and NaCl 

substrates (b) 

The surface of thin film was studied by Atom Forced Microscopy (figure 2). Thin film consists of structural units of 100 

nm size and roughness value is equal to 3 nm. 

 
Fig. 3. The results of AFM surface study 

According to the data obtained the surface quality of the thin film obtained by PECVD via elemental arsenic and sulfur is 

comparable with the same for the other methods [3]. 

The results of Electron Scanning Microscopy investigations a presented on fig .4.  

 

Fig. 4. The results of ESM 

It is shown that the obtained As4S4 films possess 2-D layered structure. 
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Tellurium-based chalcogenide materials are of proper interest, since they possess a wider transparency window in IR 

region and lower phonon energy values compared with sulfur and selenium based glasses [1-6]. In combination with 

a relatively narrow bandgap, these materials have got a great potential for application in IR optoelectronics and 

photonics. The effect of threshold switching was first noted for the As-Te-I glasses in 1964 [7], and for the As-Te-Se 

glasses in 1966 [8]. However, exactly the As-Te binary system causes the particular interest of researchers because it 

seems, in fact, to be a model for understanding of the glass-forming properties of the entire family of the chalcogenide 

tellurium based materials [9]. In this paper we report that first time As-Te phase-changing materials were prepared 

via plasma-enhanced chemical vapor deposition (PECVD) by low-temperature non-equilibrium RF plasma at low 

pressure. First time volatile elements As and Te were the initial substances. Fine phase tailoring of As-Te films was 

implemented by means of changing of the parameters of deposition. Phase modification of the films by 632.8 nm laser 

irradiation was demonstrated. 

The synthesis was carried out by the plasma-chemical setup shown in Fig1.  

 

Fig. 1. Scheme of the plasma-chemical setup for As-Te film preparation. 

Keywords: tellurium-based glasses, phase-changing materials, chalgogenides, PECVD 
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Metal thin films as a most essential materials in numerous present electronics has been evolving over the decades. 

However, their use in future electronics including biological and photonic electronics is limited due to its opacity and 

low flexibillity. Changing the thickness of metal to the nanometer scale, approximately to underneath 10 nm, can 

cause them to display unexpected properties, which may be a semi-transparency and bendability. However, most metal 

growth mechanisms (e.g. Island growth model) lead to conductivity loss within the thikcness-scale because of those 

high cohesive energy. In this study, we present that graphene may be seen as a template for realizing laterally 

continuous ultrathin metal films by suppressing the island formation, which become conducting at a thikncess much 

smaller than the percolation threshold. Graphene that is atomically flat as well as chemically inertness can make the 

incident metal atoms to minimize surface diffusion and nucleation density. Furthermore, as motivated by graphene’s 

transparecy, the percolation threshold thinkness of metal thinfilm is strongly influenced by the chemical functionallity 

of underlying substrate. Finally, we demonstrated that the resulting ultrathin metal film exhibits a superior thermal-

heater performance with low operating voltage, which allow to be used in bio- implantable thermal heater for 

crytherapy or thermotherapy.  

 
Fig. 1. AFM topographic images of 6 nm gold thin film deposited on Graphene.  

Ultrathin and smooth gold thinfilm was achieved on graphene template over large area (left). Graphene that is 

atomically flat can allow the incident metal atoms to minimize surface diffusion and nucleation density, which result 

in ultrathin smooth metal film formation (right) as comparison that on bare SiO2 substrate (inset). 
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Recently, a protective thin film coating for organic devices has drawn great attention due to their vulnerable nature 

against humidity and atmosphere. The protective coating on glass substrates is now readily commercialized. However, 

the coatings on flexible substrates for the application of foldable devices are still huge technical challenges.  

To impose a flexibility to inorganic thin films they must have the lowest possible thickness yet maintain physical 

protection requirements against environmental issues. Multilayer inorganic thin films were deposited by means of 

atomic layer deposition(ALD) technique. The layer consists of Al2O3(50nm)/TiO2(5nm)/Al2O3(50nm) thin films. 

Measured water-vapor transmission rate(WVTR) by means of MOCON Aquatron2 has shown well below its detection 

limit which is known to be 5 x 10-5 g/m2 day. Two different examinations were performed to figure out origin of the 

physical capabilities of environmental protection of the coatings. Is it from densities of each coated thin films or layer 

boundaries normal to penetration direction of the multilayered thin films?  
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Recently, perovskite materials have attracted great attention due to its outstanding light-harvesting characteristics. 

Especially, methylammonium lead halide perovskites are a new family of photovoltaic materials with advantages of 

efficient light absorption, easy solution processability, extremely long ambipolar carrier diffusion lengths, etc. In this 

work, we have tried to improve current density and efficiency via glass texturing, soft-lithograph and solvent 

engineering technique in two different cell structures, based on mesoscopic metal oxides and planar heterojunction 

solar cells. The glass substrates were textured by wet etching process using diluted HF solution at a constant 

concentration of etchants (HF:H2O=1:1). Then, the light trapping properties of suitable films were controlled over a 

wide range by varying the etching time (1~5 min, interval 1 min). The surface texturing changed the reflected light in 

an angle that it can be reflected by substrate glass surface. As a result, current density and cell efficiency were affected 

by light trapping layer. We also fabricated perovskite solar cell with a high-quality three dimensional photonic crystal 

nanostructures embossed in the mesoporous TiO2 layer. The effect of photonic crystal with round-shaped of various 

size (400~1600 nm, interval 400 nm) have enhanced optical absorption, resulting that the current density is greatly 

improved while the open-circuit voltage of the cell maintain. Thus, power conversion efficiency was greatly improved. 

Lastly, in the case of solvent engineering, we made the dense perovskite layer through fast-dipping method into diethyl 

ether at planar heterojunction structures. In this reason, it was confirmed that effective action of ether fast dipping 

treatment on the perovskite morphology control and solar cell property. On the basis of the recent achievements, a 

power conversion efficiency with over 20% is achieved based on optimized perovskite solar cells.  

Keywords: Perovskite solar cell, Glass texture, Soft-lithograph, Solvent engineering, Efficiency 
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Silicon carbide thin films were deposited on Si(100) substrates by metal-organic chemical vapor deposition(MOCVD) 

in high vacuum condition(2.0 × 10-7 Torr) using 1,3-disilabutane as a single source precursor which contains silicon 

and carbide in 1:1 ratio at various temperature in the range of 700 ~ 1000 oC. The XPS result shows that the SiC thin 

film grown at 950 oC which have carbon rich for silicon and carbon at 1:1.2 ratio. XRD result shows that the SiC thin 

film grown at 900 oC which appeared at 2 = 41.6o for SiC (200) reflection at a large intensity and a single shape 

diffraction peck. SEM images result show that the SiC thin film grown at 900 oC which has influence on the small 

grain size and single crystallinity. AFM images result show that the SiC thin film has smooth surface at RMS = 20nm. 

In this paper, we fabricated the small aperture for the better performance such as less noise, higher resonant frequencies 

and fast imaging. We will apply that silicon carbide thin film has smooth surface on NSOM application. 

Keywords: SiC, Thin Film, AFM, Cantilever, NSOM 
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When a droplet of suspension solution of solid particles, such as coffee or soy sauce, is dried on table surface, very 

often a ring-shaped stain is formed. Although the phenomenon has been known for centuries, the problem was 

carefully studied only in recent decades. In this work we use polystyrene spheres and water as a model suspension 

solution to study stain pattern of the droplet. Two types of substrates with different wetting features have been used. 

For hydrophilic surface, conventional ring-shaped patterns are observed. For  hydrophobic surface the dried pattern 

becomes a solid ‘pancake’ instead of a ring. The influence of concentration of suspension solution and gravity on stain 

pattern has also been investigated. This study might be enlightening in improving printing quality and painting 

homogeneity.  
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In this study, we developed a novel in situ doping method with an interrupted flow for an atomic layer deposition 

(ALD) system.  In situ aluminium-doped ZnO (AZO) films were grown on glass substrates at temperatures in range 

200-280 °C; the optimal temperature, 260 °C, depended on the electrical properties. To assess the effect of the ratio 

of pulses of diethylzinc (DEZn) and trimethylaluminium (TMA) on the structural, optical and electrical properties, we 

grew AZO films with various pulse doping ratios of DEZn:TMA in a range from 3:1 to 10:1 at 260 °C.  These 

properties and the content of Al were investigated with X-ray diffraction, X-ray reflectivity (XRR), a high-resolution 

transmission electron microscope (HRTEM), a secondary-ion mass spectrometer (SIMS), transmission spectra, Hall 

measurements and X-ray photoelectron spectra (XPS).  The electrical resistivity was least, 5.7 × 10-4 Ω cm, for ALD-

AZO films with pulse ratio 6:1; the carrier mobility was 8.80 cm2 V-1 s-1 and optical transmittance up to 94 %.  The 

epitaxial AZO films grown in situ also on m-plane sapphire exhibited the two-fold symmetry of ZnO (110) in the 

orthorhombic crystal system.  All results show that a novel in situ doping method with an interrupted flow method 

controls the Al content of AZO films more easily, and is more usefully applicable for a structure with a large aspect 

ratio for an advanced photoelectric device. We expect that this novel in situ doping method with an interrupted flow 

is applicable to not only ALD AZO films but also other ALD doping, such as Ga, In (n-type) or P, N (p-type) for ALD 

epitaxial growth. 

Keywords: thin films; X-ray scattering; electrical conductivity; atomic layer deposition 
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Titanium Nitride nano-scale thin films have been prepared by ion beam assisted reactive DC magnetron sputtering. 

The films are characterized by XRD, SEM and TEM. The films are found to be amorphous. The effect of the ion beam 

during deposition was evident from smoothness of film surface (SEM and TEM images) and modifications in optical 

properties. Investigation of the optical constants shows stable refractive index, 2.3, dominating most of the visible 

range. The films are not highly absorptive in the visible range. The extinction coefficient k in the visible region is 

negligibly small. A slightly wide energy gap of 2.9 ± 0.1 eV is estimated for the IBAD amorphous titanium nitride 

nano-thin films.  

In an additional set of AC conductivity measurements, the impedance and permittivity of the as- prepared films are 

measured as a function of frequency. The results reveal that Titanium Nitride nano thin films are highly resistive. 

The stability of the films at normal room environment in addition to the golden color makes the nano-thin films 

suitable for hard and decorative coatings. 
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In this work, we have developed a technique called circularly polarized UV-visible absorption spectroscopy to study 

electronic structure of magnetic materials, focusing on band gap and low-energy excitation. Using the concept of 

magnetic circular dichorism, circularly left (CL) and circularly right (CR) polarization will couple differently to 

electrons with opposite spins. When a magnetic material is in external magnetic field, absorption spectra with energy 

scale near the band gap are then expected to be different between the circularly left and right polarizations. We have 

developed an instrument with this capability. We have performed a test measurement on ferromagnetic Y3Fe5O12 [1] 

thin film on Gd3Ga5O12 substrate which its thickness on both side as 4-5 μm and found that the absorption edges with 

CR and CL polarizations can already be different as large as 40 meV in energy under magnetic field (B) of 0.15 T. 

We also expect that this technique may also be used to observe other low-energy magnetic excitations which will be 

discussed.  
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Gallium nitride-based metal-insulator-semiconductor high-electron-mobility transistors (MIS-HEMTs) have been 

widely explored as attractive candidates for next-generation high-efficiency power switching and microwave 

applications, owing to the superior material properties, including high breakdown electric field, high switching 

frequency and low on-resistance. Compared to the conventional Schottky gate HEMTs, MIS-HEMTs offer lower gate 

leakage, higher switching frequency and higher breakdown voltage (BV). The common gate insulating layers are some 

high-k dielectric materials, such as Al2O3, HfO2, but the growth process will induce the unacceptable Ga-O bonds on 

the GaN surface. These defects will increase the surface donor-like states (SDS), which is relative to current collapse 

(CC) and it is a critical challenge to improve the performance of GaN HEMTs devices. Therefore, it is essential to 

consider how to reduce the GaN surface state density and control the formation of Ga-O bonds to suppress CC. 

Recently, PECVD-grown SiNx films have been widely applied on GaN surface passivation to suppress CC. However, 

the PECVD growth process will induce surface damage by high-energy plasm, making SiNx/GaN interface a 

challenging task. Whereas, AlN grown by the remote plasm used in ALD will remove native oxide with minimum 

surface damage. Particularly, with Rapid Annealing Temperature (RTA) over 1000°C, the AlN film will be 

monocrystal-like.T he monocrystal-like AlN film can also form heterojunction with GaN cap, supply fixed charges, 

suppress surface states and control CC effectively. 

In this work, we manufacture three Al2O3/AlGaN/GaN HEMTs devices structures with different passivation layers: 

one is SiNx passivation grown by PECVD, and the other two are amorphous and monocrystal-like AlN passivation 

grown by PEALD. Therein, the monocrystal-like AlN is treated by RTA over 1000°C. HRTEM can clearly reveal the 

crystallinity. Using probe station and semiconductor parameter analyzer operation, the direct current (DC) 

performance, BV, and CC are analyzing, indicating the superiority of AlN passivation on GaN HEMTs surface.  
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Thin films of electrically conducting polymers, such as polyaniline and polypyrrole, readily react with thiols to give 

materials with dramatically altered surface properties, including surface energies and susceptibility to fouling from 

biological organisms. [1, 2] We have previously shown that such films can be made highly hydrophobic by exposure 

to thiol solutions or vapors and that electroactive moieties can be affixed to the surface while remaining in electronic 

communication. [3] Here we show that nanoparticles and fibers of the polymers are also readily modified with both 

small thiols and thiol-terminated macromolecules. The extent and rate of the modification reaction is dependent upon 

the size of the thiol and the reaction temperature. In addition to grafting too conducting polymer surfaces, polymer 

brush-type structures may be from them through surface-initiated polymerizations reactions, particularly the atom 

transfer radical polymerization (ATRP) process. The rate of the ATRP reaction is similar to that on gold, though the 

increased roughness of the surface results in an increased number of surface-attached chains per nominal 2D surface 

area. The derivatized particles may find use as additives in conventional paints and coatings. 
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Abstract: Recently, In2O3 has attracted many interests for various applications such as photovoltaic devices, 

electrochemical sensors, and flat panel displays [1-2]. However, there are few reports on the atomic-layer-deposited 

In2O3 thin-films. In this work, atomic-layer-deposition (ALD) of In2O3 thin-films was investigated using 

cyclopentadienyl indium (InCp) and hydrogen peroxide (H2O2) as precursors, and the deposited films were 

characterized with ellipsometry, atomic force microscope, X-ray photoelectron spectrum, X-ray diffraction, Hall effect 

measurement etc. Subsequently, the In2O3 channel-based thin-film transistors (TFTs) with an Al2O3 gate dielectric 

were demonstrated successfully. The In2O3 thin films can be deposited at relatively low temperatures of 150-210 oC, 

exhibiting a growth rate of 1.4-1.7Å/cycle and a root-mean-square (RMS) roughness of 0.25-0.41nm. To increase 

deposition temperature can effectively reduce oxygen vacancies and C impurity, thus significantly improve the quality 

of the sample. The optical band gap of the In2O3 film can be modulated by the deposition temperature, which can shift 

from 3.3 eV to 3.8 eV as the deposition temperature increases from 150 to 210 oC. This is mainly related to the 

concentration changing of oxygen vacancies in the films. Furthermore, the electron mobility and conductivity increase 

with increasing the deposition temperature, but the carrier concentration does not change apparently. Finally, the 

fabricated bottom-gate In2O3 TFTs after the proper annealing exhibit field-effect mobility of 7.8cm2/Vs, a threshold 

voltage of -3.7 V, a subthreshold swing of 0.32 V/dec, and an on/off current ratio of 107. Figure 1 (a) and (b) show 

the typical transfer and output curves of the fabricated TFT, respectively. In a word, the current study provides an 

insight into ALD In2O3 film as a promising candidate for transparent electronics in the future. 

Keywords: In2O3, ALD, Thin-film transistors 

 

Fig. 1(a) Transfer characteristics of In2O3 TFTs annealed at 300oC for different time in air. (b) Output characteristics of the In2O3 TFT 

annealed for 11h in air. 
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(Na0.5Bi0.5)TiO3-modified K0.5Bi0.5TiO3, namely (1– x)(Na0.5Bi0.5)TiO3–x(K0.5Bi0.5)TiO3, is found to exhibit improved 

dielectric and piezoelectric properties at the morphotropic phase boundary (MPB) region (x=0.15) recently [1],[2]. It 

is generally believed that a thin nonferroelectric or nonswitchable ferroelectric layer with low dielectric constant and 

located at the interface between the electrodes and the film will have a significant influence on the ferroelectric and 

dielectric properties. Thus, such a ferroelectric capacitor can be modeled as a stacked structure, formed by a bulk 

ferroelectric layer in series with a low dielectric interfacial passive layer [3],[4]. Moreover, the stability of the 

temperature dependence of ferroelectric properties is one of the important characteristics in view of both scientific 

knowledge and engineering applications.  

In this work, (Na0.85K0.15)0.5Bi0.5TiO3 (NKBT) thin films with different thicknesses are fabricated on Pt/Ti/SiO2/Si 

substrates via an aqueous sol-gel method, and the effect of thickness on the electrical properties of the NKBT thin 

films is investigated. The ferroelectric and dielectric behaviors are studied in a wide temperature range of 20–150oC 

(Figs. 1–3). NKBT thin films with different thicknesses show a desirable perovskite structure with no detection of 

preferential orientations. Since the motion of domain walls in the thinner films will be blocked by the presence of the 

passive layer or by the charged defects located at the interface, there will be a larger domain wall motion contribution 

to the dielectric response in the thicker films and at higher temperature. Both thickness and temperature are found to 

affect the ferroelectric properties of the films. The remnant polarization (Pr) is enhanced when the film thickness is 

increased, while Pr is weakened when the temperature is elevated from -150 to 20 oC (Figs. 1 & 2). The piezoelectric 

response with increasing film thickness exhibits a similar quantitative trend with the dielectric response, and the 

effective constant d33* increases from 34 pm/V for a 2-layer film to 65 pm/V for a 14-layer film (Fig. 3). 

 

Fig. 1 Ferroelectric hysteresis loops for NKBT films with different thicknesses at room temperature. 
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Fig. 2 Polarization–applied voltage hysteresis loops and their corresponding current loops at different temperatures: (a) 20, (b) -50, (c) -

100, and (d) -150 oC. 

 

Fig. 3 Local displacement–voltage loops of for NKBT thin films with various thicknesses: (a) 2 layers, (b) 5 layers, (c) 11 layers, and (d) 

14 layers. 
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Thanks to its advantages of high injection accuracy, fast response, and achieving on-demand injection, the 

piezoelectric micro-jet, based on piezoelectric inkjet technology, is wildly applied in various fields (Yang et al., 2016, 

Kwon et al., 2015, Fribourg-Blanc et al., 2013, Caro et al., 2016). A piezoelectric micro-jet, which takes piezoelectric 

thin film as the driving element, is proposed in this paper. The designed micro-jet has the advantages of simple 

structure, easy assembly and discharging the bubbles which are formed from nozzle part and have negative influences 

on the injection. 

For the current researches, the analysis models are mainly two-dimensional, and the effect of fluid solid coupling 

effect are always ignored (Wijshoff, 2010, Tsai and Hwang, 2008, Li et al., 2016). However, the fluid solid coupling 

effect has a great influence on the simulation results. In order to accurately analyze the injection performance of the 

piezoelectric micro-jet, a two way multi-physical field coupling analysis method is proposed in this paper.  

The effects of fluid solid coupling on the operating frequency of the micro-jet and dynamic characteristics of the 

vibrator are analyzed by the proposed method. And, in order to obtain the excitation signals to meet different injection 

requirements, the transient injection characteristics of the micro-jet under different excitation are analyzed as well. 

Firstly, the nozzle pressures under different excitation signals are obtained based on the transient analyses of the 

acoustic structure coupling characteristics of the micro-jet. Then, through the analysis of hydrodynamic characteristics 

of the nozzle part, the droplet velocity, mass flow of nozzle, and the molding time of the droplet, under different 

excitation parameters, are gained.  

According to the obtained results, the adjustment method of the excitation parameters for different injection 

requirements are given. The experimental prototype is manufactured and experiments are carried out. The reliability 

of the proposed two way multi-physical field coupling analysis method is verified by comparing the experimental 

results with simulation results. 

Keywords: multi-physical field, piezoelectric film, actuator, acoustic 
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Carbon nanotube thin film transistors (TFTs) with characteristics resembling those of TFTs constructed on amorphous 

silicon, low-temperature polycrystalline silicon and metal oxides were fabricated on (6,5) single chirality single-

walled carbon nanotube (SWCNT) thin film deposited from electronically pure semiconducting (6,5) single chirality 

single-walled carbon nanotube (SWCNT) ink. This ink was extracted in industrial scale from raw SWCNTs produced 

using high pressure carbon monoxide conversion, and deposited on pretreated substrates to form uniform and 

consistent (6,5) HiPCO SWCNT thin film using solution process. The (6,5) HiPCO SWCNT thin films were 

characterized as pure semiconductor without metallic impurities showing classic nonlinear current-bias curves in 

Schottky-type diodes. Both N-type and P-type (6,5) HiPCO SWCNT TFTs were fabricated with femto Ampere off-

current and ION/IOFF ratio of 108 by depositing SiNx and HfO2 dielectrics on the top of (6,5) HiPCO SWCNT thin films, 

respectively. The (6,5) HiPCO SWCNT inverter with voltage gain of 52 was also demonstrated by wire-bonding one 

P-type HiPCO SWCNT TFT to one N-type HiPCO SWCNT TFT. 
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Implant materials have been widely used as a type of restoration approach. However, they may cause peri-implantitis, 

which is related to lesions of peri-implant attachment, presence of aggressive bacterial strains, excessive mechanical 

stress, and corrosion. There are some approaches to reduce the morbidity such as eliminating the inflammatory lesion, 

CO2 laser and so on. We attemped to reduce the disease via enhancing the antibacterial properties and osseointegration. 

Lysozyme, as a natural protein, has been used for preparing thin supramolecular nanofilm, which can adsorb on the 

surface of metal, ceramic, PTFE, PET, etc., and have great antibacterial properties. And the inorganic polyphosphate 

(polyP), found in every cell in nature and likely conserved from prebiotic times, has been demonstrated the ability of 

promoting periodontal tissue regeneration. Hence, we coated a layer of nanofilm on the surface of implant materials 

by incorporating lysozyme and polyP via electrostatic interaction. This work will provide a simple and effective 

method to modify the surface of implant materials and reduce the peri-implantitis. 

Scheme 1. The preparation and biological evalution of impant materials coted by lysozyme and polyphosphate. 

Keywords: Multifunctional, coating, restorative/antibacterial surface, bio-inspired. 
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Effect of Isosorbide-based Dimethacrylate on the Water-resistant Polymer 

Thermoelectric Devices 

 

Recently, a considerable effort has been devoted to the implementation of PEDOT:PSS as an organic-thermoelectric 

active material due to its high electrical conductivity. However, most of conventional PEDOT:PSS films with the 

enhanced conductivity have poor stability and durability to moisture due to hygroscopic PSS. In this study, we 

introduced 2,5-bis(2-hydroxy-3-methacryloyloxypropoxy)-1,4:3,6-dianhydro-sorbitol (Iso-GMA) as an additive to 

give the film with mechanical durability for rainy outdoor use and simultaneously higher thermoelectric properties 

compared to the pristine PEDOT:PSS film without additives. The structural and morphological evolution of the films 

according to the additive concentration plays a key role in determining the characteristics for water-resistant polymer 

thermoelectric devices. 
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Layered organic-inorganic perovskite-like hybrids (C6H5C2H4NH3)2SnxPb1-xI4 (x=0,0.3,0.5,0.7,1) were synthesized 

by a hydrothermal method. Structures and  optical properties of these hybrids were studied by using X-ray diffraction 

(XRD), scanning electron microscopy (SEM), X-ray fluorescence spectroscopy(XRF) and ultraviolet-visible 

adsorption spectroscopy(UV-Vis). Changing the amount of Sn from 0 to 1, the interlayer distance d of these hybrids 

varied from 16.36Å to 16.27Å and the bandgaps tuned from 2.40eV to 1.78eV.  The results demonstrate that the 

different ratios of Pb and Sn can change the interlayer distances and tune bandgaps of these hybrids. 

Keywords: Organic-inorganic, perovskite-like, hybrids, Layered structure, Bandgap  
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A new green phosphor of semiconductive nanoporous ZnMnO:P was prepared through high-dose P+ ion implantation 

into ZnMnO and subsequent annealing at 1000C. The nanoporous ZnMnO:P phosphor exhibited a semiconducting 

behavior with the carrier concentration of ~1018 cm-3 and displayed a strong green luminescence at the wavelength of 

~520 nm. Through analyzing the panchromatic cathodoluminescence properties, we confirmed that the strong green 

emission arises from the nanosized pores in ZnMnO:P. During high-temperature annealing, lattice atoms and 

implanted ions should thermally migrate toward metastable lattice points so as to recover the implantation damage. 

This promotes the thermal nucleation of nanopores in ZnMnO:P. Since the oxygen vacancies and the dopant ions are 

enriched in nanopores, the green luminescence centers are created in nanoporous ZnMnO:P. As a result, the green 

band could be localized within the bandgap, in which band-filling will occur via the photon confinement. This allows 

nanoporous ZnMnO:P to act as a semiconducting green phosphor. 
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Fig. 1. CL spectra at 300 K of as-grown ZnMnO, 

P+-implanted ZnMnO, and nanoporous ZnMnO 

annealed at 1000C. The left-hand-side inset 

displays the top-view scanning electron 

microscopy image of nanoporous ZnMnO:P used 

for the cathodoluminescence measurement. The 

right-hand-side inset illustrates the green 

luminescence-related optical transitions in 

ZnMnO:P represented in the energy-band scheme. 
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In recent years, with the development of active-matrix display system, the demand for high-performance thin film 

transistors is increasing in the industry. As conditional channel materials, Si-based TFTs have reached their limits. 

For recent years, oxide semiconductor thin film transistors have attracted much attention for the better performance 

than Si-based TFTs and potential use in the application of high resolution AMLCDs and AMOLEDs. Oxide TFTs 

have higher mobility and most oxide semiconductors are transparent in the visible light region and thereby they can 

be used to realize transparent displays. A large amount of researches have been carried out on oxide TFTs, especially 

ZnO-based TFTs. Among these materials, IGZO TFTs has been regarded as the most promising candidate to replace 

Si-based TFTs, and even had already been put into actual use by the industry. But in fact, Indium and Gallium are 

toxicants, rare elements on earth and going to be exhausted, hence people are searching for a non-In and non-Ga active 

channel layer which offers competitive advantages, such as lower cost, higher throughout, and safety. ZnO-based 

TFTs have many advantages, for example, it is possible to growth at room temperature and ZnO is a wide band gap 

material (3.4eV) and it is transparent in the visible region. In our experiment, we choose Hafnium-doped ZnO as the 

channel material since Hafnium (Hf) is harmless to human and environment. Because of the high interest of this 

material in the future display application, it is very important to analyze the key factors that have influence on the 

electrical properties of the transistors. We have fabricated Hafnium-doped Zinc Oxide thin film transistors (HZO 

TFTs) using RF magnetron sputtering. Influence of sputtering pressure during the deposition of HZO thin films by 

RF magnetron sputtering on the performance of HZO TFTs was researched. And we found that sputtering gas pressure 

has a very large effect on the characteristics of the TFT device. The performance of HZO TFT reach the best when 

the sputtering pressure is 0.8 Pa, which exhibit the subthreshold swing of 0.25 V/decade, the saturation mobility of 

268 cm2/V•s, the threshold voltage of 4.7 V and the on/off current ratio of 109. At higher sputtering pressure, the more 

collisions of sputtered molecules with Ar molecules resulted in low deposition rate, high resistivity and low mobility. 

Meanwhile, we also researched the device stability over time. And HZO TFTs fabricated on glass exhibited high 

stability. 

Keywords: Hf-doped Zinc-Oxide, Thin film transistors, sputtering gas pressure, high performance, fully transparent. 
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In this work we present a comparative study on the enhanced piezoelectric performance between Carbon Nanotubes 

(CNT) doped as well as Iron-Reduced Graphene Oxide (Fe-RGO) doped PVDF nanocomposite. The enhanced 

performance is realized by a unique device structure, in which the bottom electrode is physically not in contact with 

the piezoelectric film until external excitation is applied. FTIR characterization shows the enhancement of polar 

crystallization phases due to electrostatic interactions in PVDF by the addition of CNT and Fe-RGO. Raman 

Spectroscopy indicates the formation of good quality FeRGO nanosheets and also shows high crystalline quality of 

CNTs. Raman Spectroscopy identifies the interaction between CNTs and Fe-RGO nanosheets with the polymer that 

supports the piezoelectric current generation mechanism. Conductivity measurements show that addition of CNT and 

Fe-RGO in PVDF increases the conductivity of the nanocomposite films. The CNT/PVDF and Fe-RGO/PVDF 

piezoelectric energy harvesting device produced an open circuit output voltage of 2.5 V and 1.2 V respectively. A 

short circuit rectified current of nearly 700 nA and 300 nA was detected by the CNT/PVDF and Fe-RGO/PVDF based 

piezoelectric energy harvesting device. 

Keywords: nanocomposite, energy harvesting, piezoelectricity, CNT, Fe-RGO  
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A miniaturized energy-harvesting device  
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A key challenge in designing a broad range of implant biomedical devices is limited power source. Most of existing 

biomedical devices rely on batteries with limited lifetime and negative effect on miniaturization potential of the device. 

To overcome this issue, in this paper we have designed, fabricated and tested a miniaturized flexible device to harvest 

and convert body generated mechanical energy into electrical energy.  

The device works based on the piezoelectric property of a novel nano material, Molybdenum disulfide (MoS2), which 

is deposited on a flexible substrate. We demonstrated stretching and releasing of deposited single layer of MoS2 in 

our device can generates power during each pulse of human heartbeat, which can be stored and potentially be used to 

drive a large set of biomedical devices. 
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Zinc Oxide and carbon nanotube (C-nanotube) have been separately grown on Cobalt Oxide (CoO) thin film as bilayer 

structures. Two samples of CoO film were pre-deposited on ITO coated glass and Si (111) wafer from solution 

electrolyte. The structures were characterized by some surface probing techniques. Surface morphology shows that 

particles of CoO film are evenly distributed across the substrate, its average size increases between 60 and 73 nm with 

increase in deposition voltage. A transparent thin layer of ZnO completely laminated the CoO underlayer. The 

thickness of evaporated C-nanotube is about 16 nm. Interdispersion of C-nanotube within the crystallites of CoO was 

also observed. Optical measurement indicated that both the CoO film and the ZnO/CoO bilayer are fairly transparent 

to visible light. The energy badgap was estimated as 2.28 and 2.19 eV respectively. Photoemission studies revealed 

possible interaction between CoO and ZnO atoms but not with the ITO glass constituents. The study suggests that 

both CoO and C-nanotube could be a recipe for effective charge separation in nanostructured photonic devices. 

Acceptance ID: X3QL-O 

  



 

 284 

Synthesis and characterization of tungsten particles-containing diamond coating by 

hot filament chemical vapor deposition 

Naichao Chen, Yingchao Chen, Jun Ai, Ping He, Jianxing Ren 

School Energy and Mechanical Engineering, Shanghai University of Electric Power, Shanghai, 200090, China. 

Diamond coating has gained an intensive attraction in the tribological fields due to its high hardness. However, its 

weak toughness always gives arise to the fragile crack under the external load, which causes the delamination and 

peeling off from substrate. In this work, a novel deposition method combining the conventional hot filament chemical 

vapor deposition (HFCVD) and particles-doping technique is proposed to balance the hardness and toughness for 

diamond coating, with which the tungsten particles-containing diamond coating is deposited on the silicon carbide 

substrate. The as-deposited diamond coating is characterized by scanning electron microscope (SEM), surface 

profilometer, X-ray diffraction (XRD) and Raman spectrum. Rockwell C indentation tests are conducted to evaluate 

the adhesion of diamond. The results indicate that tungsten carbide (WC) may be formed between tungsten particles 

and diamond coating. Then, the relative soft WC particles provide the suitable sites to release the residual stress in 

coating. Furthermore, the impact load is imposed on the as-deposited diamond coating. The results show that the W-

WC-diamond structural coating can validly inhibit the crack propagation. Hence, adding particles into the diamond 

coating may provide an useful way in enhancing the mechanical properties of diamond coating.   
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Effects of Ru-doping on the structure and metal-insulator transition (MIT) of vanadium dioxide (VO2) are investigated 

by changing Ru-doping concentration in VO2 epitaxial films grown on c-sapphire substrate. X-ray diffraction study at 

room temperature showed that (010) VO2 grew on (0001) sapphire and the out-of-plane lattice constant of Ru-doped 

VO2 films decreased with the increase in Ru-doping concentration up to 3 atomic %. Critical temperature (TC) of MITs 

for the Ru-doped VO2 is found to decrease with the increase in Ru-doping concentration, which is crtical for 

technological application of VO2. A nonmonotomic decrease in surface rsisistivity was also observed up to around 3 

atomic % of Ru-doping and a metallic phase at room temperature was obtrained. Optical reflectance measurements at 

several different temperatures showed that the decrease in reflectivity at longwavelength region was accompanied by 

the MITs of the films.  We discuss the mechanism of Ru-doping induced reduction of TC for Ru-doped VO2 MIT in 

conjunction with the experimental results. 
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The active layer in organic photovoltaic cells is typically a blend of p-type and n-type semiconductors, and the 

arrangement of these materials critically affects the device performance. As a means for controlled preparation of 

organic photovoltaic layers, we have proposed a ‘photoprecursor approach’ in which -diketone-type photoprecursors 

of acenes are solution-deposited and then converted quantitatively to target acene-based semiconducting materials by 

in-situ photoreaction.1 -Diketone-type photoprecursors of acenes are in general more soluble than corresponding 

photoreaction products, and thus this method allows indirect solution processing of highly crystalline, scarcely soluble 

acene compounds. Indeed, the photoprecursor approach enables preparation of well-performing bulk-heterojunction 

(BHJ) layers containing terribly self-aggregating acenes.2 Note here that the morphology of resulting BHJ layers can 

be controlled by tuning photoreaction conditions. The photoprecursor approach can also be employed for the layer-

by-layer deposition of different materials by solution processes, given that the solubility of photoreaction product is 

sufficiently low. By taking advantage of this feature, we have prepared p–i–n-type photovoltaic layers in which a BHJ 

layer (i-layer) is sandwiched between neat p- and n-type materials.3 In our proof-of-concept system, the p–i–n-type 

active layers gave power conversion efficiencies (PCEs) of up to 5.9%, while the corresponding BHJ active layer 

afforded the maximum PCE of only 3.0%. These examples demonstrate the effectiveness of the photoprecursor 

approach in controlling morphology and material distribution in photovoltaic active layers. 
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Transparent oxide-semiconductor thin-film transistors (TFTs) have shown huge potential in flat-panel displays and 

integrated circuits. However, the lack of high-performance p-type and ambipolar oxides hampers the development of 

transparent CMOS circuits. SnO has shown the most promise among the very limited number of p-type and ambipolar 

oxides. Up to date, how to achieve p-type SnO TFTs with high on/off ratio (e.g. >103) or ambipolar SnO TFTs is still 

a challenge. Here, we have discovered that even a tiny (2%) increase of sputtering power could sharply switch the 

film conduction from n-type to p-type and increase the on/off ratio by orders of magnitude (FIG. 1). The highest on/off 

ratio of the fabricated p-type TFT with an active layer of 27-nm SnO and gate insulator of 300-nm thermally grown 

SiO2 was 1.79×104, which is among the best values of reported single-gated TFTs. Moreover, we have found a new 

way to achieve ambipolar SnOx TFTs by importing n-type SnO2 into SnO-dominated films.  
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A novel ferromagnetic state coexisting with ferroelectric ordering at room temperature in strained BiFeO3 (BFO) thin 

films grown using a sputtering technique on La0.7Sr0.3MnO3/SiO2/Si(100) (LSMO/SOS) substrates is reported. The 

properties of BFO films with different thicknesses (tBFO = 15, 50, 70, 120, and 140 nm) on 40 nm LSMO layers are 

explored. [012] out-of-plane highly textured BFO/LSMO stacks grew with rhombohedral structures. LSMO layers are 

nanostructured in nature, constituted by ferromagnetic single-domain nanoregions induced by the constrain of the 

SiO2 surface, with TC ~ 200 K and high coercive field (HC) of ~ 1100 Oe at 2.5 K. BFO films grew epitaxially 

nanostructured on LSMO, exhibiting ~ 4 nm spherical nanoregions. The BFO layers show typical antiferromagnetic 

behavior (in a greater volume fraction) when made thicker (tBFO > 70 nm). 

The thinner films (tBFO < 50 nm) display ferromagnetic behavior with TC > 400 K, HC ~ 1600 Oe for 15 nm and ~1830 

Oe for 50 nm. We propose that such ferromagnetic behavior is originated by the establishment of a new magnetic 

configuration in the Fe3+-O-Fe3+ sublattice of the BFO structure, induced by strong hybridization at the interface as 

consequence of superexchange coupling interactions with the ferromagnetic Mn3+-O-Mn3+/Mn4+ sublattice of LSMO. 

All BFO layers show excellent ferroelectric and piezoelectric properties (coercive field ~ 740 kV/cm, and d33 = 23 

pm/V for 50 nm; ~ 200 kV/cm and 55 pm/V for 140 nm), exhibiting 180º and 109º DWs structures depending on the 

thickness. Such multiferroic properties predict the potential realization of new magneto-electronic devices integrated 

with Si technology. 

This work was supported by DGAPA-UNAM Grants (IN110315 and IN106414) and Conacyt Grants (127633 and 

166286). The authors thank the technical support from CIQA (Saltillo), the Laboratorio Nacional de Investigaciones 

en Nanociencias y Nanotecnología (LINAN, IPICyT), and the Laboratorio Nacional de Nanotecnología (CIMAV-

Chihuahua), in Mexico. The authors thank the technical assistance from A.G. Rodriguez, E. Murillo, E. Aparicio, P. 

Casillas, I. Gradilla, F. Ruiz, J. López-Mendoza, G.F. Hurtado (CIQA), O.O. Solís and J.G. Murillo-Ramírez 

(CIMAV-Chihuahua). C.F. Sánchez-Valdés thanks CTIC-UNAM for supporting his postdoctoral position at CNyN-

UNAM. 

KEYWORDS: multiferroic, BFO/LSMO thin film, rf sputtering, interlayer exchange coupling, superexchange 

Acceptance ID: Z8TB-P 

  



 

 289 

Various soft X-ray spectroscopy study of WO3 thin film depending on growth 

conditions 

Sunwoo (Ahn)1, Chang Jin (Lim)1, Simhee (Ryu)1, Bokyung (Ryu)1, Soohaeng (Cho)1, Sang Wan 

(Cho)1, Hirohito (Ogasawara)2  

1 Department of Physics, Yonsei University, 1 Yonseidae-gil, Wonju-si, Gangwon-do, 26493, Republic of Korea.  
2 Stanford Synchrotron Radiation Lightsource, SLAC National Accelerator Laboratory, 2575 Sand Hill Road, Menlo 

Park, CA 94025, USA. 

dio8027@yonsei.ac.kr 

Electronic structures of WO3 thin film have been studied using x-ray photoelectron spectroscopy (XPS), x-ray 

absorption spectroscopy (XAS), and x-ray emission spectroscopy (XES) in an attempt to understand the influence of 

growth conditions on the electrical properties. The influence of growth oxygen pressure on the metal–insulator 

transition was investigated. It found that the conductivity of WO3 films increases remarkably with the increase of the 

oxygen pressure during the growth and the decreased oxygen vacancies are induced by lower growth oxygen pressure. 

In conclusion, the origin of the metal-insulator transition was verified by XPS, XAS and XES. 

Keywords: XES, XAS, XPS, WO3, Electronic structure 
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Tuning the chemical potential of graphene and varying surface plasmon polariton (SPP) waves over the effective 

contact area of micro-cone graphene layers with silicon substrate are the two ways to control the peak absorptivity of 

the structure at a certain wavelength over the infrared and microwave regimes in a double layer graphene-cone 

metasurface based conductor-insulator- conductor (CIC) absorber. The graphene cone is assumed as made of hundreds 

of mono-layer grapheme, and at temperature, each cone is treated by an electrical source for tuning the chemical 

potential of graphene at 0 eV (the normal condition), 0.25 eV (which is the band gap of graphene; lack of carries 

density) and 1 eV (existence of carrier density). Polarized microwave at different incident angles plays the role of 

variable Hall effect sources [1,2]. The three-layer CIC absorber hosts a thick (1 mm) substrate for efficient trapping 

of electromagnetic waves between the two graphene metasurface layers, which are not good reflectors. The 

symmetrical structure of the cone in the x- and y-directions treats the polarized microwaves almost in the similar 

manner as that at the normal incident angle. However, the spectral features alter due to changes in the resonance 

condition, which causes spectral shift of the sharp peaks with different magnitude in the absorption spectrum over the 

far-infrared range. Results also confirm the negative impact of increasing the chemical potential on the performance 

of CIC absorber within the aforesaid regimes. Narrow spectral filtering of this device over far-infrared band makes it 

prominent for the application related to space observatory and far-infrared spectroscopy. 

 

 

 

 

 

 

 

 

 

 
Figure 1. Schematic of CIC Absorber (a), and its absorption spectrum of at different CP 

values (0 eV and 0.25 eV) and incident angles (0° and 40°) (b). 
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Heavy metal contamination exists in the waste streams of many industries, and mercury is of particular concern for 

human health. Sulfur is an industrial by-product, removed as an impurity in oil-refining. This has led to vast unwanted 

stockpiles of sulfur, and resulted in low bulk prices. Sulfur is therefore a promising alternative feedstock to carbon for 

polymeric materials. Inverse vulcanisation has made possible the production of sulfur polymers, stabilised against 

depolymerisation by crosslinking.[1,2] Supercritical CO2 can be used to foam inverse vulcanised polymers – making 

them macroporous.[3] These high sulfur-foams show excellent potential as low cost water filters to remove Hg. 

Alternative crosslinkers for inverse vulcanisation, from industrial by-products or bio-renewable sources, can be used 

to reduce the cost and improve the properties of the resultant polymers.[4] Carbonisation can be used to induce 

microporosity in the polymers, generating sulfur doped activated carbons with narrow pores size distributions.[5] 

Keywords: Inverse vulcanization, porous, sulfur, polymer, mercury 
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Fluorescence detections have high sensitivity and ease of operation, which are widely used for molecular diagnosis 

and environment monitor. High fluorescence signal and ultra-high sensitivity are of an enormous demand for 

luminescent devices and the bio/chem sensors in many areas and disciplines. Fluorescence emission is crucially 

depended on its surroundings besides the intrinsic property of fluorophore, known as Purcell effect. Photonic 

crystal (PC) has attracted tremendous attention for fluorescence enhancement, for PC microcavities 

combine high quality factors with small effective modal volumes that lead to enhanced values of the spontaneous 

emission rate through the Purcell effect. Additionally, slow photon effect of PC can enhance the extraction efficiency 

which is another crucial factor to achieve the enhancement of fluorescence. 

We developed serials of fluorescence sensors and devices based on colloidal photonic crystals (CPCs) enhanced 

fluorescence, and exploited it into displays, optical devices, chemical and biological sensors. The best 

enhancement of fluorescence can be achieved by modifying the relationship between the photonic band gap and 

the excitation light and spontaneous emission to appreciate enhanced excitation and enhanced extraction at the 

same time. Additionally, CPC can serve as an effective dielectric mirror for high light extraction due to its ability 

to forbid the photon propagation in the photonic band gap, which is of great meaning for high efficient 

luminescence and display. Besides spontaneous emission, CPCs present another noticeable ability of boosting 

energy transfer between atoms and the energy from chemical reaction to the fluorophore. The self-assembled 

photonic structure from colloidal sphere can be constructed into various forms according to the demand of 

various bio/chem molecular diagnosis, which was demonstrated by ultra-sensitive detection of HIV, SARS, 

TNT, cocaine and various metal ions. 

Colloidal photonic crystals are efficient optical antennas for fluorescence and can be easy compatible with 

traditional light trapping structures. Versatile CPCs patterns provide an alternate strategy to construct optical 
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integrated devices and accelerate their practical application. The presented CPC-assisted fluorescence sensors 

are low-cost and easy-to-use devices and will take great advantages for practical application such as point-of-

care. It is evident that the whole field is still a juvenile one and offers ample opportunity for optical device design 

and discovery. 
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The goal of this work is to characterize augmented optically stimulated luminescence (OSL) micro crystalline (α –

Al2O3 with 99 and 99.5% purity) and nano crystalline phosphor (single crystal, sapphire and poly crystal α –Al2O3 

commercially purchased) as reusable and highly sensitive radiation dosimeter for low dose measurement in medical 

(diagnostics) applications. All present OSL phosphors suffer one or other lacuna prompting us to synthesizes α –Al2O3 

nano phosphor which promises to be a cheap and have the capability to measure small and large radiation dose 

simultaneously with extraordinary efficiency. All the present OSL phosphors tend to saturate at higher doses (≈ 5-10 

Gy) if they are able to measure small doses (≈ 1μGy). However, α –Al2O3 nano phosphor defies this and can measure 

doses in hundreds of KGy due to the incorporation of carbon as stable defects. In this study, attempts will be made to 

improve the characteristics of the commercially available OSL phosphors for their applications in medical dosimetry. 

α –Al2O3:C is a well known phosphor (only one commercially available) in OSL technique. However, a few complex 

issues are associated in the synthesis of the present phosphor such as complex doping process in the reducing 

atmosphere of graphite at very high temperature. The present work attempts to make an efficient OSL dosimeter by 

using well known and precisely controlled ion implantation for carbon doping (at 100 and 500 keV with three different 

fluencies in the range of 2.5 x 1015 to 6.25 x1015 ions/cm2 as a function of dopant concentration in mol% to obtain the 

optimized one) to address the issues. Analysis of the new product α –Al2O3:C (optimized dopant concentration ~1% 

at 6.25 x1015 ions/cm2) would be carried out by using RISO TL/ OSL reader.  For cancer therapeutic applications, 

high energy heavy charged particles such as protons, helium, carbon and oxygen are at the verge of taking off because 

heavy ions (HCPs) exhibit an increased RBE in Braggs peak region as compared to entrance region. Therefore, we 

had been irradiated our newly meant phosphor by 80 MeV carbon and oxygen ion beam with four different fluencies 

in the range of 1x1011 – 2x1013 ions/cm2 as a function of doses. It has been observed the high luminescent signal 

intensity at high fluence of high energy heavy charged particle in case of carbon ion beam irradiation than oxygen ion 

beam. So, there is an urgent need of an easily available, cheap, reproducible, and suitable radiation measuring materials 

for HCPs. This work seeks to develop a phosphor for HCP which may not only be sensitive for low doses medical 

investigation but also an invaluable tool for charged HCP dosimetry. 
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Articular cartilage has limited self-healing potential because cartilage has neither vascular supply nor resident stem 

cells. Autologous chondrocyte implantation (ACI) is one of the promising technologies for cartilage regeneration. 

Several studies have reported on the successful repair of cartilage defects by transplantation of cultured chondrocytes. 

One of the major thrusts in cartilage regeneration using ACI is to prevent dedifferentiation of chondrocyte and preserve 

viability of chondrocytes after transplantation. Attempts have been made to promote viability and therapeutic 

potential, including the use of 3D aggregates and spheroids, but more extensive studies are required to fully exploit 

the therapeutic potential offered by transplanted chondrocytes for cartilage regeneration because more dead cells are 

expected at the inner core of spheroids by hypoxic condition and limitation of nutrient diffusion in the cores of the 

spheroids. Therefore, in this study, we hypothesized that hyaluronic acid (HA) particles, an important component of 

hyaline articular cartilage, can serve to make the chondrocytes “feel more at home”. In this study, we demonstrate that 

incorporation of HA particles in multicellular aggregate is able to enhance viability and therapeutic efficacy of 

chondrocytes. This work was supported by Project No. 2016-02-DD-016. 
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Polymer based optoelectronic devices have generated a large academic and industrial attention because of their 

technological advantages. Metal embedded polymer hybrid materials have found applications in a large number of 

energy conversion and display applications requiring organic transparent electrode. Here we report the result of 

investigations on Polystyrene-Silver- Polystyrene (P-A-P) multilayer structure which shows promising electrical and 

optical properties for its use as a transparent electrode for flexible optoelectronic devices. Polystyrene (PS) is used as 

the polymer layer with silver layer embedded in between the two polymer layers to form the stacked multilayer 

structure. Thin films of Polystyrene (PS) were coated by spin coating and silver layer was deposited by DC sputtering. 

Ag layer thickness was varied from 4 nm to 30 nm to optimize the middle layer thickness for best properties. The 

overall thickness of the multilayer was <100 nm. These films of varying Ag thickness were then characterized by 

XRD, Raman, FESEM and AFM for their structural and morphological investigations. Optical and electrical 

properties were measured using UV-Vis spectrophotometer and Hall measurement technique respectively. Average 

transparency of PAP structure is found to be ≥ 70 % for visible spectrum for 8nm thick Ag layer.  Minimum value of 

obtained resistivity for 8 nm thickness reflects the formation of a continuous layer. The films are shown to have smooth 

morphology from FESEM images and have very low roughness as calculated using AFM technique. This feature is 

useful for growth of further layer for device fabrication. XPS was used to reveal the chemical state of the trilayer. 

Depth profiling was performed to check the stability of the trilayer. The importance of the present investigation 

underlies in the process which is easy, low cost and allows tunability of properties of TCE as per of the application.  

Keywords: Polymer, Multilayer, Transparent Electrode, Hall measurement, XPS.  
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Due to health hazards and sustainability associated with PU foam, nonwovens are being developed as a replacement 

cushion material in car seats. For this application, the nonwoven needs to have stability under repeated dynamic loads 

and a good recovery capacity. For sustainability, it is desirable that nonwoven is made from uni-material. In this study, 

nonwovens for cushion material were prepared from poly(ethylene terephthalate)(PET) based fibers and their 

properties were characterized in aspects of process conditions. Two PET hollow fibers which are different in diameter 

were mixed with three kinds of PET-based elastic binding fibers in several ratios. The binding fibers used in this study 

are bi-component sheath-core structure. The evenly mixed fibers were carded to form web, cross lapped and then 

bonded to form nonwoven through needle punching, flat-bed bonding or hot air-through bonding process. The 

nonwovens prepared have a basic weight of 600 g/m2 and a thickness of 10 mm and are composed of 100 % PET-

based fibers. The nonwovens prepared from just one component polymer (uni material) could be easily recyclable 

after use.   The bulky nonwovens prepared to replace PU form were characterized in tensile, stiffness, compression 

and compared with PU foam. They showed lower compression shrinkage after long term compression than that of PU 

form, indicating their better compression recovery. They also showed good recovery capacities under dynamic 

compression. 

Keywords: Hollow fiber, Nonwoven, Cushion, compression recovery 

 

 

Acceptance ID: 6QJN-P 

  



 

 299 

Polypyrrole/Graphene/Cadmium Sulphide Based Polymeric Nanocomposites for 

Optoelectronic Device Fabrication. 

Dr. R. B. Choudhary 

Nanostructured Composite Materials Lab, Department of Applied Physics (APH),  Indian Institute of Technology 

(IIT-ISM), Dhanbad-82600 (Jharkhand) INDIA. 

E-mail address: <rbcism@gmail.com>  

Polymeric nanocomposites of polypyrrole/graphene/cadmium sulphide (PPY/GN/CdS) with varying concentration of 

CdS  (2 wt%, 5 wt%, 10 wt % and 20 wt%)  were  synthesized via in-situ polymerization method.  These 

nanocomposites were characterized using X-ray diffraction (XRD), energy dispersive x-ray (EDX), Fourier transform 

infrared spectroscopy (FTIR) and field emission electron microscopic (FESEM) techniques. The XRD results revealed 

broad peaks following the formation of graphene from graphene oxide and confirmed semi-crystallization behaviour 

of the nanocomposites. The elemental composition of the nanocomposites was assessed using EDX analysis and the 

chemical structures were studied by FTIR analysis. The FESEM images showed good dispersion of CdS nanoparticles 

with GNs and PPY. The optical properties were studied using ultraviolet-visible (UV-visible) spectroscopy and the 

bands gaps were calculated by Tauc plots. The nanocomposite sample with 5 wt % CdS showed the lowest band gap 

and revealed that it has higher absorption coefficient compared to other nanocomposites. The electrical properties 

were studied using current-voltage (I-V) measurement method. The I-V plots showed ohmic nature for electrical 

properties of the polymeric nanocomposite optimized at 5wt% CdS. These results lead to the understanding that 

polymeric PPY/GN/CdS nanocomposite can serve as one of the most promising materials for fabrication of 

optoelectronic devices.  

 

 

Acceptance ID: 76R9-O 

  

mailto:rbcism@gmail.com


 

 300 

Aerosol Jet Printing and Photonic Sintering of Lead Zirconate Titanate Films 

Jing (Ouyang)1, Denis (Cormier)2, Scott A (Williams)3, David A (Borkholder)1  

1Microsystems Engineering, Rochester Institute of Technology, Rochester, NY.  
2Industrial and Systems Engineering, Rochester Institute of Technology, Rochester, NY.  
3Chemistry and Materials Sciences, Rochester Institute of Technology, Rochester, NY. 

Presenting author: jxo711@rit.edu. 

Corresponding author: david.borkholder@rit.edu. 

Lead Zirconate Titanate (PZT) has been widely used in actuators [1], sensors [2], and energy harvesters [3], due to its 

high piezoelectric response. PZT aerosol jet printing and photonically pulsed sintering technique has been 

demonstrated, which significantly shortens the processing time, enhances the film piezoelectric performance, and 

allows realizing devices on flexible and non-planar substrates [4]. However, it is presented that the depth of photonic 

sintering did not extend through the full thickness of the film. Therefore, it limits the film to obtain a further higher 

piezoelectric response. In this paper, a fully photonically sintered PZT film is reported giving rise to a superior 

piezoelectric performance. The commercially available nano-scaled PZT powders (average diameter = 480 nm) were 

used to mix with DI water, sintering aid (Cu2O and PbO with molecular weight percentage of 1:4), and binder 

(polyvinylpyrrolidone) to formulate the aerosol-jet printable ink. Aerosol jet printing technique (Aerosol Jet 300, 

Optomec, Inc., USA) was adopted to deposit the film on a stainless steel substrate resulting in an approximately 5 μm 

thickness film. After drying  at 200 °C for 1 hour in the atmospheric environment, the film was sintered photonically 

with the optimized sintering parameter combination (voltage = 550 V, duration = 170 µs, frequency = 2 Hz, number 

of pulses = 20 × 2) in less than 1 minute. With assistance of Scanning Electron Microscopic images, a fully sintered 

PZT film was observed. After poling the samples with 20 kV/cm electric filed for 1 hours at 170 °C in the atmospheric 

environment, the piezoelectric voltage constant (g33) was measured yielding -23.8×10-3 V-m/N. This greatly improves 

the previousely reported result (17.9×10-3 V-m/N) [4]. This optimized fabrication process enables to use short time to 

obtain an enhanced piezoelectric response providing more potentials for better piezoelectric performance devices. 

Keywords: PZT, film, photonic sintering, piezoelectric, voltage 
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Block copolymers or graft copolymers, which combine two or more types of homopolymer subunits with different 

properties, can easily form various self-assembled entities such as micelles, vesicles and lamellar structure via micro-

phase separation. Consequently, they are very useful to construct nano/micro-structured and hierarchical materials. 

For this purpose, the structure-controllable living polymerization reactions are indispensable to design desired 

copolymers. Comb polymers, which possess a linear backbone and densely grafted side chains, can show unusual 

conformations different from those of linear and starlike polymers because of the steric repulsion among side chains. 

And they have attracted a great deal of attention recently.  

Recently, we have developed a chemistry related to the properties and functions of linear poly(ethyleneimine) (LPEI). 

LPEI can be dissolved in water as heated to 80 °C while crystallizes to form aggregates with various morphologies 

when returned to room temperature. Interestingly, these morphologies can be easily transformed into silica when the 

crystalline aggregates mixed with silica sources. [1,2] In this study, we used poly(choloromethylstyene) obtained via 

RAFT polymerization as a macroinitiator for block copolymerization of methyloxazoline (MOZ) and phenyloxazoline 

(POZ). This resulted in comb-polymers possessing polystyrene as a backbone and block-copolymers PMOZ-b-PPOZ 

as side chains. Then the block of PMOZ was selectively hydrolyzed to polyethyeleimine (PEI). The obtained comb-

polymers with PEI block showed remarkable self-assembly property and chemical function in silica mineralization in 

aqueous media. 

Keywords: Comb-like copolymer, amphiphilicity, template, silica 
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In present work, a novel layered phosphate MgIn2P4O14 was found and synthesized for the first time, with the crystal 

structure solved by the powder X-ray diffraction method. It crystallizes in the monoclinic C2/c (No. 15) space group 

with lattice parameters of a = 9.8733(3) Å, b = 8.7595(2) Å, c = 12.5931(3) Å, β = 108.546(2) °, and Z = 4.  

In MgIn2P4O14, the self-reduction phenomenon of Ce4+→Ce3+ was observed with the underlying mechanism 

investigated. Rather than the stressed importance of AO4 (A = P, B, Al, etc.) 3-dimensional network to the protection 

of the doping ions from the oxygen in the air in the previous researches [1], we advance a new proposal to describe 

how AO4 groups and layered structural features promote the electron transfer from the cation vacancies to Ce4+.  

Moreover, a set of luminescence properties of MgIn2P4O14: Cex phosphors were investigated by means of various 

analytic techniques, including photoluminescence excitation and emission spectrum, decay lifetime, low-temperature 

VUV luminescence, high-temperature luminescence and so on. 

Keywords: MgIn2P4O14, crystal structure, self-reduction, mechanism, luminescence properties 
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The polymer chain sequence has significant impact on the properties of copolymers through affecting the mobility 

and interaction of polymer chain segments. With the development of controlled/living radical polymerizations, the 

polymer chain sequence of copolymers can be manipulated more easily than ever before. With the innovation on the 

design of polymer chain sequence, novel high performance or functional polymer materials have been prepared. The 

current work will show our recent efforts on the modification of polymer chain sequence through living radical 

polymerization method and introduction of novel properties into conventional polymer materials through the 

innovation on their chain sequence.  

A many-shot living radical emulsion polymerization method is proposed to synthesize copolymers with high 

molecular weight and well-controlled chain sequence. In this method each shot consisting of comonomers with 

different fractions is added in stepwise manner during the reaction. High conversions over 95% are achieved in 35 

min after each shot. The compositional variation along the polymer chain is then directly determined by the 

comonomer fractions added at each shot. With this method, a conventional methyl acrylate/styrene copolymer is 

changed to multi-shape memory smart materials, polymer electrolyte with high ionic conductivity for lithium-ion 

battery, high-performance electrode binder for lithium-ion battery and 3D printable multi-shape memory materials by 

simply redesigning its polymer chain sequence.  

 

 

Keywords: polymer materials, chain sequence, living radical polymerization, lithium-ion battery binder, shape 

memory polymer 
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Wearable and stretchable heaters are currently attracting a lot of interests as demands for wearable devices rapidly 

grow in market. Among the various heating materials, conducting polymers having processability, flexibility, and 

light weight are the most promising materials for the wearable applications. Most fabrics can be simply impregnated 

with poly(3,4-ethylenedioxythiophene):poly(4-styrenesulfonate) (PEDOT: PSS) solution which is the most 

successfully commercialized conducting polymer due to its high mechanical flexibility and excellent thermal 

stability.1 However, the electrical conductivity of pristine PEDOT:PSS is below 1 S/cm which is too low to be utilized 

in heaters.  The conductivity of PEDOT:PSS has been reported to be increased by the addition of dielectric organic 

solvents, such as dimethyl sulfoxide (DMSO),2 or by post-treatment with strong acids.3,4 However, residual DMSO 

may irritate human skin and fabrics are easily damaged by the acids. Therefore, it is necessary to develop a method to 

increase the conductivity of PEDOT:PSS causing no damage to the fabrics. The technique should be also simple and 

cost-effective to be successfully utilized for practical applications. 

In this work, we investigated a very effective method for increasing the conductivity of PEDOTPSS using sodium 

dodecyl sulfate (SDS), one of the ionic surfactants that have been generally used in detergents for laundry, and firstly 

suggested the combination of blending and dipping methods using SDS. The results clearly showed that the 

conductivity of PEDOT:PSS was dramatically increased to ~1335 S/cm and the mechanism of conductivity 

enhancement of PEDOT:PSS was also clearly revealed. Then, we fabricated the highly conductive and stretchable 

fabric heaters using SDS-modified PEDOT:PSS. The fabric heaters exhibited reversible electrical behavior even with 

a cyclic loading of a tensile strain larger than 80%. The heaters fabricated using this method can be adaptable for the 

finger joint or elbow requiring very high stretchability. We are confident that the method suggested in this work is not 

only efficient for greatly improving the conductivity but also simple and cost-effective method for fabricating highly 

conductive and stretchable fabrics with various e-textile applications. 

Keywords: conducting polymer, conducting fabric, PEDOT:PSS, sodium dodecyl sulfate, Fabric heater 
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Electrochromic polymers offer low-cost solution process for applications such as smart windows, electrochromic 

sunglasses, and displays. Among the electrochromic (EC) materials, π-conjugated polymers(CPs) are promising 

materials for electroactive layer in electrochromic devices (ECDs), demonstrating a high coloration efficiency, fast 

response, and high reversibility.1, 2) As these properties are influenced by not only the chemical structure of EC 

materials but also by the EC reaction in a device, both factors are crucial. Of the various electrochromic CPs, the 

transmittance changes of the poly(3,4-propylenedioxythiophene) derivatives (PRs) can reach high color contrast 

maintaining the high cycle stability.3) We synthesized several PRs for high color contrast and bistability. Further 

control on the EC material combination, through charge balancing reactions, afforded ECDs with a high color contrast, 

long stability, and high bistability. Here, the optimum material combination will be discussed along with charge 

balancing mechanism and demonstrate the application of the low-power consuming display into an automatic EC 

windows. 

Reference 

1) E. Kim et al, ACS Appl. Mater. Interf., 2012, 4, 1, 185-191. 
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Scaffolds with nano-sized patterns can be used to aid or inhibit cell proliferation. Electrospinning can produce 

continuous mats with nanopatterns and can control fiber diameter, density and alignment in a variety of ways. Previous 

studies have shown that ordered nanofibers promote cell regeneration and studies on how to fabricate aligned 

nanofibers have been extensively studied, but studies on the fabrication of 3D scaffolds with excellent physical 

properties are rare. In this study, a nanofiber mat was fabricated using collectors surrounded by circularly arranged 

metal rods, and aligned nanofibers and irregular nanofibers were formed between the metal rods and the metal rods, 

respectively. The mat, which was separated from the collector, was wrinkled by the shrinkage of the alignment part, 

and the irregularly formed part and the aligned part were repeated at regular intervals. The completed nerve conduit 

showed a cross-section with multiple layers of nanofibres, with wrinkled fibers and irregular fibers repeated at regular 

intervals. The aligned nanofibers were formed in the circumferential direction and were able to expand and contract 

in the circumferential direction. The nerve conduit developed through this study will be applied to future neuro - 

regeneration and artificial cardiovascular research. 

              

<Fig. 1. Wrinkled nanofibrous mat>         <Fig. 2. Wrinkled nanofibrous tube> 

Keywords: Wrinkled nanofiber, Aligned nanofiber, Nerve regeneration, Nanofibrous tube 
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Nowadays, in the new materials’ syntheses, one can observe a new trend associated with the development of the 

technologies for the production of monomers from renewable resources and their use in the synthesis 

of new materials, or the substitution of monomers of petrochemical origin with the monomers 

obtained from these materials. Partially and fully bio based new multiblock copolyesters were synthesised and 

the effect of their chemical structure, morphology, and resulting supermolecular structure on their physical and elastic 

properties were investigated. These new block copolymers are composed of poly(trimethylene furanoate) (PTF) as 

rigid block and polydiols such as poly(tetramethylene ether) glycol (PTMG) or fatty acid dimer diol (FADD) as 

flexible block. The poly(trimethylene furanoate) (PTF) is a polyester synthesized from monomers (2,5-

furandicarboxylic acid, 1,3-propanediol) obtained from renewable materials, which can bring notable ecological and 

energy effects from the point of view of using this material in practical applications. Recently, synthesis of furanoates 

(poly(ethylene furanoate) (PEF), poly(butylene furanoate) (PBF)) has been reported in a number of reports and 

considered as biobased alternatives to their terephthalate homologues. In our work we made an effort to study of 

structure and properties of PTF homopolymer and PTF based block copolymers. 
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Recently, three-dimensional (3D) printing technology has received a great deal of attention in customized products, 

which require arbitrary and adaptive shaping. In this respect, its application can be classified into two categories 

depending on their body contact manner: 1) implantable devices, and 2) wearable or patchable devices. Here, we 

present an integrative approach to the implementation of the 3D and flexible biomedical devices, which were 

separately realized for implantable and wearable devices but commonly characterized by use of 3D printed templates.1 

1) Implantable device : A representative application in 3D printing of biomaterials is fabrication of tissue engineering 

scaffold. Despite the extensive utilization of 3D printing, the direct printing of biomaterials has a limitation in terms 

of flexibility due to the original stiffness of material and limit of processing resolution. We overcame this limitation 

by incorporating dip-coating process with 3D printing of template. Briefly, 3D design was carried out on the basis of 

medical image data. According to the designed morphology, a sacrificial construct was 3D-printed using a water-

soluble material. Thereafter, the 3D template was dip-coated with a solution of biomaterials. After the sacrificial 

template was removed by water, a micrometer-scale thin film tube could be obtained with retaining the 3D 

morphology. Owing to its thin geometry, the resulting structure exhibited a sufficient flexibility and suitable 

applicability to tubular scaffolds for tissue engineering. We demonstrated the feasibility by conducting animal surgery 

experiments and expect the universal applicability in other tubular tissue engineering such as vascular, airway, and 

abdominal organs. 

2) Wearable device : We also present a 3D-printing-based technique for fabricating 3D and flexible wearable devices. 

Like the 3D-printing-based scaffold above, our approach employed a 3D-printed template, which was used for 

elastomer casting process. With the aid of a recently introduced 3D printing machine, the molding template could be 

fabricated as a multi-material form with flexible, semi-flexible and rigid materials for its parts. Owing to the robust 

single-entity mold with multi-material characteristics, the elastomer molding and demolding processes could be 

successfully performed without any notable defects, thickness. With the defect-free and 3D-curved elastomer sheets, 

a sandwich-form device was integrated using a piezoelectric layer between the sheets with gold-sputtered electrodes. 

Based on the piezoelectric functionality, we showed several conceivable applications of the 3D flexible sensors to 

wearable electronics or human-like soft robotics, such as monitoring of heart pulse on skin and perception of external 

force while wearing. We expect our achievements will open up a variety of new applications for wearable electronic 

devices, particularly in the fields of health monitoring medical devices. 

Keywords: 3D printing, biomedical device, template, scaffold, wearable device 
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The transparent ceramic phosphor samples with chemical formula (Ce0.001GdxY0.999-x)3Al5O12 and the two-phase 

(Ce0.001GdxY0.999-x)3Al5O12-Al2O3 were synthesized by the vacuum sintering method, and their crystal structure，grain 

morphology, and luminescence properties, are investigated. XRD spectra showed that the diffraction peaks shift 

slightly toward the smaller diffraction angles with increasing Gd concentration. The grain size of all samples ranges 

from 5µm to 15µm. The photoluminescence (PL) spectra of the ceramic phosphor with different Gd doping 

concentrations are measured and it showed that the peaks of yellow-green light are red-shifed, which helps to improve 

the color-rendering properties. Ceramic plate phosphors able to produce white light when directly combined with 

commercially available blue light emitting diodes were tested. The (Ce0.001GdxY0.999-x)3Al5O12-Al2O3 ceramic 

phosphor has a better luminous efficacy than that without the second phase of Al2O3 under the same test condition. 

The Al2O3 particle plays an important role in promoting the luminous efficacy, it changes the propagation of the light 

in ceramic, reduces the total internal reflection, and consequently improves extraction efficiency of light. Therefore, 

the (Ce0.001GdxY0.999-x)3Al5O12-Al2O3 ceramic phosphor is promising for the application of high-power density 

illumination. 
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Cellulose, the nature’s most abundant polymer, is naturally synthesized in highly oriented and crystalline structures 

that can be isolated into among the most unique nano-biomaterials. This paper presents diverse and efficient strategies 

to generate 1D nano-arrays of designed nanocelluloses from agricultural crop residues and food processing wastes. 

Cellulose nanofibrils (CNFs) and nanocrystals (CNCs) in varied aspect ratios and surface chemistries have been 

derived by a newly developed green process, solid acid catalyst1 as well as common sulfuric acid hydrolysis, 2,2,6,6-

tetramethylpyperidine-1-oxyl (TEMPO) mediated oxidation and shear forces. Both methods of derivation and 

fractionation govern not only the yields but also the quality attributes of nanocelluloses. Nanocelluloses can also be 

derived from less pristine biomass to give higher yields as well as advatnageous properties, such as higher thermally 

stability and hydrophobicity2. These nanocelluloses have shown to be effective dispersing and emulsifying agents for 

oil-water emulsions3,4, coagulants for microbes5 as well as templates for nanoparticles and nanoprisms6. Ways to 

assemble nanocellulose into hybrid and porous structures with novel functional properties, such as highly crystalline 

nanofibers7, super-absorbent hydrogels and amphiphilic aerogels8,9, will be demonstrated for applications including 

nano-hybrids, oil recovery and separation, water purification, etc. These versatile nanocelluloses and their facile 

conversion into advanced materials not only highlight the vast potential of these unique biologically derived 

nanomaterial building blocks for the future but also offer means to minimize the impact of the food production system 

on our environment. 

Keywords: Nanocellulose, amphiphilic, aerogel, hydrogel, renewable 
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Electrospinning utilizes high voltage to create nanofibers from a polymer solution. The threads of nanofibers start off 

as a stable jet, but starts to whip as it gets further away from the tip of the nozzle. A metal circular disk that acts as a 

base electrode that helps maintain a stable electric field was installed near the end of the nozzle tip to increase the 

length of this stable jet. In this preliminary study, we were able to create fibers with a unique morphology by utilizing 

the interface at which the stable jet transitions into an unstable whip. In electrospinning without the electrode, that 

interface is too close to the nozzle tip, which does not allow for sufficient evaporation of the solvent and thus results 

in thicker fibers or a melt. However, with the base electrode, the stable-unstable interface is farther from the tip and 

allows for proper fiber formation. The resulting microfibers bunch together to form unique bundles that exhibit strong 

mechanical strength and high cell viability rates. The unique morphology of the bundles was confirmed via SEM and 

cell viability through CCK. We foresee application of these fiber bundles in tissue engineering and possibly in the 

field of stents. 

Keywords: Stable-jet electrospinning, base electrode, microfiber bundles, tissue engineering 
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In recent years, there have been immense research interests in the electroluminescent and photoluminescent properties 

of conjugated heteroaromatic polymers, as they are promising candidates for several electronic applications such as 

light-emitting devices, transistors, photovoltaic cells, polymer memory and switches.  It has been well-established that 

the incorporation of cyanopyridine ring system into polymeric framework would enhance the optical properties 

remarkably mainly because of its stable structure, powerful electron with-drawing nature and extended conjugation 

together with rigidity induced by heteroatom participation in the conjugation, avoiding energy dissipation through 

vibration. On the basis of the above considerations and in the context of our efforts on developing a novel blue light 

emitting polymer, we have designed three new conjugated polymers (P1-3) carrying cyanopyridine moiety in their 

backbone and synthesized them in good yield via solution condensation polymerization technique. Structurally, they 

differ by vinylene linkages and were shown to exhibit good solubility in common organic solvents like THF, CHCl3, 

DMF etc., largely due to presence of long alkoxy chains. These polymers were characterized using UV-Visible, PL, 

FTIR, and 1H NMR spectroscopy and GPC technique followed by elemental analysis. Further, they were subjected to 

electrochemical and thermal analyses. The newly synthesized polymers displayed good thermal stability with onset 

decomposition temperature above 350 ⁰C.  Electrochemical band gap of these polymer were found to be in the range 

of 2.5-2.7.   The polymers P1-3 showed absorption maxima at 390 nm, 365 nm and 375 nm and emission bands at 418, 

440 and 479 nm in THF, respectively. The spectral results reveal that they are strong blue light emitters.  In order to 

acquire a deeper understanding of the electronic and optical properties of the polymers, density functional theory 

(DFT) calculations were performed.  

 

                                                                                                    Where   P1: X = C and Y = CN 

                                                                                                              P2: X = C and Y = H 

                                                                                                              P3: X = N and Y = H 

 

Key words: Cyanopyridine, conjugative polymers, PLED, DFT, band gap. 
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We report a syringeless electrospinning method using a rotating, helically probed cylinder. This method provide 

several advantages over general and needleless electrospinning with respect to various experimental parameters, such 

as processibility, selection of materials and solvent, and productivity as well. This method makes the electrospinning 

process a batch-based continuous system, and thus make it possible to avoid tedious optimization. With this system, 

comparable result to those of conventional electrospinning can be realized and one can produce more functional 

nanofiber webs when combined with other techniques such as colloidal electrospinning, the preparation of nanofiber 

webs with several different materials and highly crystalline polymers. This syringeless electrospinning procedure will 

contribute to the mass production of nanofiber webs and new applications for nanofibers in biological, chemical, and 

medical fields. 
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Chiral inorganic materials have attracted great interest because of their unique structures and optical activities as well 

as potential applications such as chiral catalysis, sensor, optical resolution etc. However, most of reports on chiral 

inorganic materials put the focus on controlling the chiral morphology like a helical or twisted structure. Therefore, 

chiroptical properties would disappear with the corruption of chiral morphology. In our previous work, we have 

reported nano-fiber based chiral silica materials with strong chiroptical activities which can be easily prepared by 

using nano crystalline aggregates composed of linear polyethyleneimine (LPEI) and chiral (L- and D-) tartaric acid as 

catalytic templates in silica deposition. 

In this report, we further synthesized functional SiO2@metal composites and investigated their chiroptical activities. 

The integration of metal NPs into silica was carried out without any additional reductants because of the amine groups 

in LPEI encapsulated in chiral silica working as a reduction sites. Interestingly, chiral SiO2@metal composites and 

free metal nanoparticles synthesized in chiral silica frame exhibited unique optical activities in CD spectra. 

Keywords: nano gold, nano silver, chiral silica, polyethyleneimine, tartaric acid 
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It is well known fact that the cement production is responsible for almost 5% of total CO2 emission in the world and 

which mainly affects to global warming. Geopolymers were worth as ordinary portland cement (OPC) substitutes 

because geopolymers release 80% less CO2 than OPC and have sufficient mechanical properties like OPC. Therefore, 

geopolymers have attracted from eco-friendly construction industries. Geopolymers can be fabricated by aluminum 

silicate materials with alkali activators such as fly ash, blast furnace slag and so on. IGCC (Integrated Gasfication 

Combined Cycle) slag was used for fabricating geopolymers in this study. Geopolymers were fabricated with finely 

grounded and sieved (under 128mesh) IGCC slag. The grinding process of as-received IGCC slag would be one of 

the main costs for production of geopolymer. Therefore, the idea of using as-received IGCC slag (before grinding 

IGCC slag) as aggregates in the matrix of geopolymer was introduced to reduce the production cost as well as to 

enhance the compressive strength. As-received IGCC slag (0, 10, 20, 30, 40wt %) was added in the mixing process of 

geopolymer and compared. The compressive strength of geopolymers with an addition of 10wt% of as-received IGCC 

slag increased by 20% compared to that of no addition one and reached up to 41.20MPa. The enhancement of 

compressive strength would be caused by as-received IGCC slags acting as aggregates in the geopolymer matrix as in 

those of concrete. Density of geopolymers slightly increased to 2.1-2.2g/cm3 with an increase in addition. Therefore, 

it is concluded that small addition of as-received IGCC slag in the geopolymer could increase compressive strength 

and decrease the total cost of the product. Moreover, the direct use of as-received IGCC slag may contribute the 

environment protection by reducing process time and CO2 emission. 
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Woody biomass that is regarded as a renewable and sustainable energy source is mainly consisted of several polymeric 

materials such as lignin, cellulose, and hemicellulose. Therefore, the term of ‘‘lignocellulosic’’ is used for a number 

of biomass species. Cellulose (C6H10O5)n is the primary structural component in the cell wall of biomass, and it is a 

long chain polymer with high degree of polymerization. Hemicellulosics are complex polysaccharides with the generic 

formula (C5H8O4)n found in the cell walls, and xylan is the most abundant form of hemicellulosics. Besides, lignin is 

the second most abundant renewable polymer after cellulose and nature’s most abundant aromatic (phenolic) polymer. 

These polymers are connected with weak ether bonds and they can be separated from each other by suitable techniques 

which mostly base on chemical disintegration methods. In this way, each individual natural polymer can be isolated 

and characterized.    

However, these isolated ingredients have always been regarded as pure, and so far potential inorganic impurities 

resulting from the parent biomass have been ignored. For this reason, this study focuses on the inorganics in the 

isolated polymers. In this context, two different biomass species such as hybrid poplar wood and apricot stones which 

are renewable sources were subjected to sequential isolation procedures of ASTM D1105, Wise’s Chlorite Method, 

and van Soest’s Method. The isolated holocellulose (hemicellulose + cellulose) and lignin were then characterized 

mineralogically by X-ray Diffraction (XRD) and X-ray Fluorescence (XRF) techniques, and the results were 

compared with those for the parent biomass species. It was determined that the isolated holocelluloses and lignins are 

not just ash-free and they have ash contents up to 2.2% and 4.0%, respectively. Also, various minerals including 

potassium chloride, several phosphate minerals, and alumina silicates were found to survive after chemical treatments 

applied during isolation. In addition, the presence of several heavy metals was also detected. These results reveal that 

minerals cannot be eliminated entirely because of the natures of the chemicals used, and they unavoidably remain in 

the isolated natural polymers.  
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Denture plaque-associated infections are regarded as one of important social problems in a super-aged society, because 

they can cause a variety of health problem, such as denture stomatitis and aspiration pneumonia. The polymers 

composed of 2-methacryloyloxyethyl phosphorylcholine (MPC), well-known biomedical polymeric materials, have 

blood compatibility and tissue compatibility based on their resistance to protein adsorption, and several medical 

devices with the MPC polymer layer have already been used in clinical settings. The objective of this study was to 

evaluate the effects of the treatment with the photoreactive MPC polymer on plaque deposition on complete dentures 

based on poly (methyl methacrylate) (PMMA). 

Keywords: MPC polymer, Biofilm formation, Denture plaque, Complete denture 
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It has been reported that plant-derived essential oils possess multiple properties such as antibacterial and antifungal 

activities, and antioxidant effects [1, 2]. Phytoncides are terpene-based volatile organic compounds released from 

various trees and plants, and they are well known for their natural characteristics of antimicrobial effects. Incorporating 

phytoncide into nanofibrous structures, which are ultrathin and lightweight with a large specific surface area, would 

create functional nanotextiles with intrinsic antibacterial properties based on natural substance and have high potential 

in medical and healthcare applications. This research investigates incorporating phytoncide into a polymetric matrix 

via electrospinning for the development of environmentally friendly, antimicrobial textile materials. Emulsion 

electrospinning method was employed to incorporate phytoncide into PVA nanofibrous matrix. An emulsion 

consisting of PVA solution as the aqueous phase and phytoncide oil as the oil phase was prepared. Nonionic surfactant 

was added to stabilize the emulsion. Electrospinning was conducted under a variety of spinning conditions to find an 

optimum spinning condition. The morphology of PVA nanofibers containing phytoncide oil was examined using a 

field emission scanning electron microscope (FE-SEM) and a transmission electron microscope (TEM). Heat 

treatment was carried out to stabilize the PVA-based nanofibers against dissolution in water. The release profile of 

phytoncide from the core of nanofibers was assessed by gas chromatography. The antimicrobial activities of 

phytoncide/PVA nanofibers were evaluated quantitatively in accordance with ASTM E 2149-01 by measuring the 

bacterial reductions of a Gram-positive bacterium (Staphylococcus aureus) and a Gram-negative bacterium 

(Escherichia coli). The SEM images of phytoncide oil/PVA nanofibers showed that the emulsion yielded relatively 

uniform nanofibers with diameters of 250-350 nm. The PVA nanofibers containing phytoncide were further 

characterized by a TEM to verify the inner structure of the fibers. TEM images illustrated that the resulting electrospun 

nanofibers are composed of uniform core and sheath structures and phytoncide was efficiently incorporated in the 

core. The release profile of phytoncide from the nanofibrous membranes showed continuous emission over 0 to 21 

days through GC-MS analysis. The antimicrobial activity of phytoncide/PVA nanofibrous membranes at 3.0 g/m2 web 

area density exhibited a 99.9 % reduction rate against both Staphylococcus aureus and Escherichia coli. The results 

demonstrate that the successful imparting of antimicrobial functions to nanofibrous membranes is achievable through 

simultaneous electrospinning of the polymer material with phytoncide oil.  

Keywords: Functional textile, nanofibrous membrane, phytoncide, natural antibacterial substance 
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While methods for dynamic tuning of surface wettability to manipulate water droplets have been widely explored for 

many applications including digital microfluidics, [1,2] those based on dynamically changeable surface morphology 

have remained challenging to achieve. In this work, we present a structured shape memory polymer (SMP) surface 

which shows dynamically tunable surface wettability enabled by surface morphological gradients in order to self-

propel water droplets. The structured SMP surface involves a SMP pillar array consisting of nanotextured small and 

large pillars which can change its morphology between permanent and temporary shapes upon thermomechanical 

loading. [3,4] Specifically, the structured SMP surface dynamically creates a surface morphological gradient and 

changes its surface wettability during thermally induced shape recovery of the SMP pillar array. Different wetting 

characteristics of the structured SMP surface between permanent and temporary shapes are theoretically predicted and 

experimentally verified. Based on these findings, the structured SMP surface is designed and demonstrated such that 

the morphological difference between two shapes under a water droplet base overcomes contact angle hysteresis, 

resulting in self-propelling a water droplet, when combined with the thermal Marangoni effect. 

Keywords: shape memory polymer, tunable surface wetting, droplet manipulation, lab-on-a-chip, hierarchical 

structure 
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We have reported the preparation of various inorganic hybrid materials by using linear polyethyleneimine (LPEI) 

obtained from hydrolysis reaction of polyoxazoline. When cooling hot aqueous solution of LPEI to room temperature, 

the LPEI can grow into nano crystallites via crystallization-driven self-assembly process. These nano crystallites can 

play as catalytic templates in hydrolytic condensation of inorganic sources to produce various inorganic nano 

materials. Silica hybrid with versatile morphology can be prepared by changing self-assembly conditions of LPEI.  

We also synthesized a variety of LPEI derivatives such as star-shaped PEI 1) and comb-like PEI 2) to fabricate silica 

with various morphologies. We found that molecular design of PEI is important strategy to fabricate inorganic hybrid 

materials. In this study, polystyrene microgel grafted PEI (-PSt-g-PEI) was synthesized by three steps of combination 

of dispersion polymerization of 4-choloromethylstyrene (CMS), cation ring-opening polymerization (CROP) of 

methyloxazoline and hydrolysis reaction. The inorganic hybrid materials such as silica, titanium dioxide (TiO2) and 

nano silver (Ag0) were fabricated by using the -PSt-g-PEI as template. 

For synthesis of -PSt-g-PEI,-PStCl obtained by dispersion polymerization of CMS as monomer and 

divinylbenzene (DVB) as cross-linker in the mixture solvents of ethanol and DMAc was used as microgel type initiator 

for polymerization of methyloxazoline. And then the formed polymethyloxazoline-grafted microgel (-PSt-g-PMOZ) 

was transformed to -PSt-g-PEI via hydrolyzation. -PSt-g-PEI were in the range of 2.0 ~ 2.3 m. In the case of silica 

mineralization, spherical micro silica hybrids were rapidly produced only by mixing TMOS and dispersed -PSt-g-

PEI and their size could be tuned in the various aqueous media and calcination temperature under ambient conditions. 

Remove of the template of -PSt-g-PEI by calcination resulted in shrunken silica but remaining microsphere structure 

with different surface area. TiO2 also deposited on the microgel of -PSt-g-PEI and microspheres with anatase or 

rutile phase were produced after calcination. Ag0 prepared using -PSt-g-PEI as a reductive template also offered 

microball structure. We are sure that the -PSt-g-PEI would be a universal template directing ceramic micro-ball.  

Key words: Polyethyleneimine brushes, polystyrene, microgel, template, inorganic 
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Various composite hemostats composed of carboxymethyl cellulose and chitosan were prepared and their mechanical 

properties in addition to blood clotting performances were investigated. In the in vitro blood clotting tests, the 

composite hemostats immediately absorbed blood and exhibited efficacious blood clotting characteristics. When 

compared with those of commercial nonwoven-type hemostatic agents, composite hemostats showed much faster 

blood clotting. The formation of polyelectrolyte complexes between carboxymethyl cellulose and chitosan after the 

absorption of water is believed to have contributed to the structural integrity in the wet state. Considering both the 

blood clotting performance and mechanical properties, composite hemostats were found to be effective hemostatic 

agent, and have high commercial availability. 
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A novel polymer P-PHT consisting of an optical switchable diarylethene (DAE) unit and an aggregation induced 

emission (AIE) tetraphenylethene (TPE) unit connected by a triazole linker was designed and synthesized. Upon the 

irradiation of UV light (λ=346 nm), the DAE unit of P-PHT was cyclized with simultaneously decreasing AIE 

behavior in the TPE unit (with 90% water) due to the energy transfer from the TPE unit to the DAE unit. As a proof 

of this concept, the protonable nitrogen moiety either with the TPE unit or the DAE unit favored the AIE quenching 

of TPE more strongly, which was attributed to the cyclization of the DAE unit under acidic conditions. Therefore, the 

DAE unit in P-PHT was cyclized more significantly in water in comparison with traditionally reported organic media. 

Interestingly, the cyclization events of the DAE unit in P-PHT at 90% water content generated a rare example of 

monomeric emission of the TPE unit in such a new combination of both DAE and TPE chromophores in the polymeric 

system of P-PHT. Furthermore, the monomeric emission became more prominent (three times higher) under acidic 

conditions. The generation of the monomeric emission in the TPE unit through the cyclization of the DAE unit via 

energy transfer events was further verified by theoretical calculations. Accordingly, the theoretical results fully 

supported the obtained experimental results of both energy transfer and monomeric emission phenomena. Even due 

to energy transfer events from TPE to DAE, more AIE quenching of the TPE unit in polymer P-PHT could be further 

induced via the irradiation of P-PHT (open form) on solid films. Consequently, the energy transfer between the DAE 

unit and the TPE unit in polymer P-PHT could be manipulated not only by the close and open forms of the optical 

switchable DAE unit (via the irradiation of UV light) but also by the aggregation induced emission under various 

water contents and acidic conditions. 
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We fabricated a wearable patch including novel patch type flexible dry electrode based on carbon nanofibers (CNFs) 

and silicone-based elastomer (MED 6215) for long-term bio potential monitoring. There are many methods to make 

flexible conductive polymer by mixing metal or carbon based nanoparticles. In this study, CNFs are selected for 

conductive nanoparticles because carbon nanotubes (CNTs) are difficult to disperse uniformly in elastomer compare 

with CNFs and silver nanowires are relatively high cost and easily oxidized in the air. Wearable patch is composed of 

2 parts that dry electrode parts for recording bio signal and sticky patch parts for mounting on skin. Dry electrode 

parts were made by ultrasonic wave and baking in prepared mold. To optimize electrical performance and diffusion 

degree of uniformity, we developed unique mixing and baking process. Secondly, sticky patch parts were made by 

patterning and detaching from smooth surface substrate after spin-coating soft skin adhesive. In this process, attachable 

and detachable strength of sticky patch are measured and optimized them for using a monitoring system. Manufactured 

two parts are aligned and make a hole in center point of them. To connect easily with conventional signal processing 

system without any adapters, we insert conventional snap into the hole. Assembled patch is flexible, stretchable, easily 

skin mountable and connectable directly with system. To evaluate performance of electrical, mechanical and adhesive 

characteristics, wearable patch were tested by changing concentrations of CNFs and thickness of dry electrode. The 

performances of electrodes were evaluated by using 9 types of electrodes with different concentrations of CNF and 

thickness. Also ECG (Electrocardiography) signals, motion artifact and sweat effect were tested by using 9 types of 

electrodes to evaluate performance of bio potential electrodes. In this results, the CNF concentration and thickness of 

dry electrodes were important variables to obtain high-quality ECG signals without incidental distractions. 

Cytotoxicity test are conducted to prove biocompatibility and long-term wearing test showed no skin reactions such 

as itching or erythema. To sum up, we could fully utilize fabricated wearable for the long-term bio potential monitoring 

easily. 
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Tungsten bronze nanoparticles (TB NPs) are known to absorb near-infrared light at high luminous transmittance[1]. 

Optical absorptions in TB NPs have been reported both in terms of localized surface plasmon resonance (LSPR) and 

polaron mechanism[2]. In the present work the mechanism of optical properties are investigated for NPs of hexagonal 

TB, Cs0.3WO3-y, with different degree of oxygen deficiency.  

Precursors composed of Cs2CO3 and H2WO4 were heated in reducing atmosphere at 550 C followed by annealing in 

neutral atmosphere at 800 C to obtain Cs0.3WO3-y powders of different amount of oxygen content. Chemical analyses 

for Cs, W and O were independently performed, informing the reduction of O with increasing duration at 550 C. 

XRD Rietveld analysis indicated systematic change in lattice parameters with reduction time. Molar absorption 

coefficients measured for the dispersions prepared from these samples exhibit LSPR peaks at around 0.9 eV and 

polaron peaks at around 1.4 eV, both increasing with increasing degree of reduction. Oxygen vacancies are thus 

considered to provide both conduction and localized electrons. We have deconvoluted the absorption peaks and 

analyzed the characteristic energies for plasmons and polarons corresponding to the respective excitation processes. 

Keywords: near-infrared, tungsten bronze, nanoparticle. 
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Nanofiber and scaffolds have been widely demonstrated for biomedical applications. Solution blow spinning is a 

technique for depositing polymer fibers with promising potential use as a surgical sealant. This work reports the use 

of solution blow spinning to fabricate potential nanofiber surgical sealant on any surface substrate, utilizing only a 

commercial airbrush and compressed CO2. Solution and deposition conditions of biodegradable polymer nanofibers 

were optimized and mechanical properties characterized with dynamic mechanical analysis. Nanofibers degradation 

condition was monitored for morphology and molecular weight different in vitro. Biocompatibility of nanofibers onto 

cell lines was indicated in vitro and blood interaction was evaluated with FE-SEM(Field-emission Scanning Electron 

Microscopy). For surgical sealant feasibility testing in a mouse model study was then used to demonstrate some of the 

possible surgical applications including use as a surgical hemostatic, a surgical sealant, and for tissue reconstruction. 

The physicochemical properties of the surgical sealant nanofiber was confirmed by EDS(Energy Dispersive X-ray 

Spectroscopy), FT-IR(Fourier Transform Infrared Spectroscopy), TGA(Thermogravimetric Analysis), Contact angle, 

Tensile strength. 
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Coir is an abundantly available natural fiber with immense potential for making a composite material for domestic 

and industrial use. The alkali treatment of coir fiber is known as mercerization,named after the scientist Mercer. 

Mercerization drastically changes the physical properties like breaking strength, young’s modulus, thermal stability, 

activation energy and electrical properties of the fiber. The changes in physical properties are in consonance to the 

change in the structure of the fiber. The major component of the fiber is cellulose, which is crystalline in nature. The 

mercerization changes the crystallinity, crystallite size and molecular structure. A systematic study has been made of 

the change in inter-atomic distance, coupling constant and co-ordination number of the fiber by RDF (Radial 

Distribution Function) analysis of the XRD pattern of different degree of mercerization. Crystallite size and 

crystallinity of the fiber of different degree of mercerization has been studied by XRD pattern. 

 IR studies have been carried out to find the change in molecular structure at different concentration of alkali. 

DTA and DSC studies reveal the phase transitions and amount of heat energy evolved or absorbed during the processes 

and finally the activation energy and thermal stability of the fiber. The change in properties of the fiber is reflected 

with the change of structure due to mercerization and thermal treatment. 
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Dendronized polymers are formed through densely attaching dendrons along a linear polymer main chain, which adopt 

cylindrical wormlike morphology with tunable thickness.[1] Inspired from the smart properties of biomacromolecules 

in nature, an intriguing class of stimuli-responsive dendronized polymers were constructed through combination of 

dendritic oligoethylene glycols (OEG) with various kinds of polymer backbones. Due to the densely covered OEG 

pendants, these macromolecules show unprecedented thermoresponsiveness and excellent biocompatibility.[2] This 

presentation will discuss our findings in developing versatile thermoresponsive warm-like dendronized 

polymethacrylates and polypeptides by decorating with dendritic OEG pendants through covalent linkages, dynamic 

covalent linkages or supramolecular interactions (Figure 1).[3] Depending mainly on the molecular topology, 

amphiphilic structure in these dendronized polymers plays different roles on mediating their stimuli-responsive 

properties. Based on the thickness effects, dendronized polymers undergo heterogeneous dehydration and collapse on 

individual molecular level. Therefore, guest molecules can be encapsulated and released through the phase transition, 

heating rate and thickness of the polymers, resulting in interestingly the formation of molecular containers. This 

encapsulation property afford these thick polymers tunable shielding ability to protonation and metal coordination in 

aqueous solutions. In a word, combination of unique thermoresponsive behavior, reversible encapsulation and 

switchable shielding to guests, protonation as well as metal coordination from these OEGylated dendronized polymers 

may lead to their promising applications in biomaterials, including drug delivery and targeting, enzyme activity control 

and transportation.  

Keywords: smart polymers, dendritic polymers, controlled release, molecular shielding, 

thermoresponsive hydrogels 

 

Fig. 1 Cartoon presentation of OEGylated stimuli-responsive macromolecules: a) thermoresponsive dendronized polymethacrylates, b) 

thermoresponsive dendronized polypeptides, c) molecular shielding, d) encapsulation, e) thermoresponsiveness. 
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Microfluidics-based electronics have shown great potential in numerous applications such as energy harvesters, bio-

inspired devices, and wearable healthcare sensors [1,2]. Microfluidic electronics have been realized using 

conventional microfluidic fabrication techniques. However, fabrication challenges and material incompatibilities pose 

barriers to achieving the full potential of this emerging field and limit the device capabilities and scalability [3].  

This paper demonstrates a novel and simple processing technique for the realization of scalable and flexible 

microfluidic microsystems by inkjet-printing polyethylene-glycol (PEG) as a sacrificial template. Planar and out-of-

plane structures can be directly printed on a wide range of substrate materials, including nonplanar surfaces, and 

embedded in a variety of soft (e.g. elastomeric) or rigid (e.g. thermoset) polymers. PEG can be removed through 

heating above its phase-change temperature after the formation of the structural layer. The developed technique allows 

easy modulation of the shape and dimensions of the pattern with the ability to generate complex 3D architectures 

without using lithography, and at low cost and short manufacturing time. The method produces robust structures that 

can be realized on electrodes and transducers directly without requiring any bonding or assembling steps which often 

limit the materials selection in conventional microfluidic fabrication [4.5].  

The inkjet printing of PEG was optimized to print features with 50 μm width resolution, and 6 μm thickness per printed 

layer, with the ability to print multilayers and align features. Multilayer Polydimethylsiloxane (PDMS) microfluidic 

channels were created using this technique on several substrates such as glass, Polyethylene terephthalate (PET), 

PDMS and non-planar surfaces (including the tip of a cardiac catheter) to demonstrate the capability of the concept to 

directly realize microfluidic electronics and lab-on-a-chip devices on any surface. Moreover, the biocompatibility of 

PEG makes it attractive for medical and biological applications. By utilizing liquid metals (i.e. E-GaIn) as the filling 

material of the channels, flexible and stretchable devices have been realized such as pressure sensors with a sensitivity 

of 0.24 kPa-1, and strain gauges that exhibit changes up to 10 %ΔR/R0.  

Keywords: Microfluidic electronics, flexible electronics, inkjet-printing, PEG, fabrication 
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Cenospheres are the value-added components within coal combustion fly ash produced by thermal power plant. With 

an aim to respond to the industrial expansion of cenospheres utilization, this work presents a study on recovery process 

of porous, hollow-sphere structured cenospheres from Class C high CaO fly ash, focusing on separation mechanism 

and efficiency, and (calcium, aluminium, silicon) compound composition relating to their surface reaction. 

Approaches to improving the cenospheres separation efficiency have been investigated, combining with a 

characterization of physical and chemical properties, spherical morphologies, and elemental composition of those 

collected cenospheres. This work has made a systematic comparison of cenospheres separation efficiency among those 

obtained recovery percentages. Wall thickness-size-density relationship of the porous cenospheres has been 

established as a function of the key wet separation parameters, demonstrating an insight regime into the intrinsically 

physical nature of cenospheres in coal fly ash. The results have revealed that the optimum ratio of fly ash to water is 

a considerable factor determining both quality and quantity of cenospheres, herein found it a direct result from the wet 

separation mechanism as basically depending upon the material-medium density difference. The recovery percent of 

cenospheres has appeared to relate, to some extent, to their chemical composition. The chemical reactions occurring 

on the cenospheres surface during the wet separation has been presumed to significantly contribute their effect on the 

recovery percent. Furthermore, mechanically compressive strength of the recovered fly ash from the wet separation 

process has been examined. 
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We synthesized a block copolymer containing pendant di-sulfonated monomer for fabrication of membrane for 

polymer electrolyte membrane fuel cells (PEMFCs). The pendent di-sulfonated monomers were synthesized through 

three step reaction. The F-terminated oligomers were synthesized using pendant di-sulfonated monomer and 4 4'-

(hexafluoroisopropylidene) diphenol through nucleophilic aromatic substitution reaction and OH-terminated 

oligomers were synthesized using 4,4'-difluorobenzophenone and bisphenol A. Flexible membranes were then 

obtained by solution casting of multi-block copolymers. The morphologies, chemical structure, molecular weight, and 

intermolecular bond stretching of the copolymer membranes were characterized using AFM, 1H- NMR, GPC, and FT-

IR instrumentations. TGA and DSC based thermal properties were investigated and the all the prepared membranes 

exhibit good thermal stabilities with the first degradation of 150℃. Membranes specimens were extensively studied 

for ion exchange capacity (IEC), water uptake, dimensional stability, oxidative stability, and temperature dependent 

proton conductivity; all the membranes exhibit significant improvements.  

Keywords: presulfonation, pendant, polymer electrolyte membrnae fuel cell, proton conductivity 
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The proton exchange membrane is one of the key materials of a polymer electrolyte membrane fuel cell (PEMFC). 

Among the different types of membranes, Nafion has been primarily used as a standard PEMFC membrane. However, 

the high cost, low glass transition temperature, and environmental incompatibility of the membranes have impeded 

the widespread commercialization of PEMFCs. In order to overcome these demerits, a number of alternative 

membranes have been developed for use in PEMs.  Recently, to improve physical and electrochemical properties the 

precise control of morphology has been suggested as a strategy. Mutiblock copolymer containing hydrophilic and 

hydrophobic segments were developed to mimic the nano-separated morphology of Nafion. These membranes 

produced higher conductivity than their randomly sulfonated analogs due to the formation of well-connected water 

domains. Related to these reports, we synthesized newly designed and highly sulfonated block copolymers. Here, we 

report the sulfonated poly(arylene biphenyl ether sulfone) block copolymers and their major characteristics. We 

prepared directly a new series of sulfonated perfluorinated poly(biphenylsulfone) block copolymers as proton 

exchange membrane materials from hydrophilic and hydrophobic polymer via a nucleophilic aromatic substitution 

reaction. First, A sulfonated 4,4'-bis[(4-chlorophenyl)sulfonyl]-1,1'-biphenyl compound as a monomer was 

synthesized by using a fuming sulfuric acid and hydrophilic polymers were synthesized through polymerization of the 

monomer and 4,4'-(hexa-fluoroisopropylidene) diphenol. Second, hydrophobic polymers were synthesized from 

decafluorobiphenyl and 4,4'-(hexafluoroisopropylidene) diphenol. Finally we synthesized the block copolymers from 

hydrophilic polymers and hydrophobic polymers. The copolymers were characterized by proton NMR, FT-IR, GPC, 

thermogravimetric analysis (TGA), and differential scanning calorimetry (DSC) thermograms. Proton NMR, FT-IR 

and GPC were used for DS determination and structural analysis. The membranes showed excellent thermal and 

oxidative stability; e.g., TGA and DSC demonstrated that all sulfonated block copolymers exhibited good thermal 

stability with an initial weight loss at temperatures above 200℃. The performance of the membranes was measured 

in terms of water uptake, ion exchange capacity, proton conductivity and single cell test. The conductivity is greatly 

influenced by ion exchange capacity, temperature, and water activity. The proton conductivity of the block copolymer-

21 was 129 mS cm-1 at 90℃ and 100% relative humidity. The new copolymers, which contain ion conductivity sites 

on the deactivated positions of the arylene sulfone ether backbone rings, are candidates as new PEMFC. 

Keywords: proton exchange membrane, block copolymer, ion conductivity, morphology, AFM, ion channel 
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Fiber-shaped supercapacitors (FSCs) that have the merits of tiny volume, high flexibility and wearability are attractive 

as power sources for miniaturized electronic devices, such as micro-robots, wearable electronic textiles and 

implantable medical devices. However, compared with batteries or traditional capacitors, FSCs show much lower-

energy density and suffer from extra challenges in mechanical performance. According to the equation (E = 0.5CU2), 

energy is proportional to capacitance. So it is crucial to explore high capacitance fibers with high operating voltage 

and good mechanical properties for FSCs. 

     In our study, we try to increase the capacitance and energy density of Electric-double layer capacitors (EDLCs) by 

increasing the fiber interfacial area. We adopt a simple pipe mold method to fabricate hollow RGO/PEDOT-PSS 

composite fibers with excellent flexibility and conductivity. The symmetric solid-state FSCs composed of two HCFs 

reveal a high specific areal capacitance of 304.5 mF cm-2 at 0.08 mA cm-2, corresponding to an ultra-high energy 

density of 6.8 µWh cm-2 at a power density of 16.6 µW cm-2. 

Furthermore, PEDOT-PSS fibers with operating voltage of 1.8V will displayed. By increasing the operating voltage 

up to 1.8V, the energy density of the FSCs is increasing to 7.3µWh cm-2 at a power density of 20 µW cm-2. 

In this presentation, we will discuss the fiber formation mechanism, charge storage mechanism and we will display 

the flexible wire-shaped energy device constructed by the one-dimensional fiber micro-supercapacitors. 

Keywords: graphene/polymer fiber; wire-shaped capacitor; wearable; high energy density 
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To better platinum’s (Pt’s) electro-catalytic activity for oxidizing methanol, nano-flowers structured Pt catalysts with 

controlled facet had been planted onto titanium dioxide nanotube array (TNA) bed via a pulse electrodepositing 

method in an acid electrolyte containing chloroplatinic acid (H2PtCl6). The facet of Pt nano-flowers can be tuned as 

(111) or (100) by adding sulfuric acid (H2SO4) or hydrochloric acid (HCl) respectively into the precursor. It has been 

discovered that the nano-flower structured Pt catalysts with (111) facet generates a current density peak of 243.16 

mA.mg-1(~2 times that of Pt catalysts with (200) facets) for catalytic oxidizing methanol in electrolyte containing 1 M 

methanol and 0.5 M H2SO4. In addition, the concentration of sulfuric acid in electrolyte has an effect on electrode’s 

morphology, its electro-catalytic capability and stability. The mechanism of sulfuric acid anion for bettering Pt’s 

electro-catalytic activity was comparatively studied by adding HCl into precursor instead of H2SO4.  

Keywords: titanium dioxide nanotube arrays, platinum nano-flowers, pulse electro-deposition, direct methanol fuel cells 
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Proton exchange membrane fuel cells (PEMFC) are promising candidates for applications in mobile devices and 

transportations. The fuel cell market is growing [1]; however, for successful large-scale commercialization, significant 

cost reduction and durability improvement are needed. An optimization of the electrode structure is required to fulfill 

these goals [2]. Catalytic layers are generally prepared by mixing a protonic conductor ionomer, such as Nafion®, 

with a platinum catalyst supported on carbon black [3]. Nanostructured carbons allow for a better control of the textural 

properties, such as pore size and pore volume. More precisely, using carbon xerogels as support is a good way to 

improve the mass transport in catalytic layers [4,5]. 

In this communication, we present the elaboration and the characterization of catalytic layers based on carbon 

xerogels. For that purpose, carbon xerogels were synthesized by polymerization of resorcinol and formaldehyde in 

aqueous solution to form an organic gel. The latter was dried and pyrolyzed under inert atmosphere to obtain a porous 

carbon. By modifying the pH of the initial solution, several carbon xerogels with different pore sizes were synthesized. 

The grinding of these porous carbons in a planetary mill is required to get particle sizes (~10 µm) compatible with the 

thickness of the catalytic layers. Catalytic layers based on carbon xerogel and carbon black XC-72R were made on 

Kapton substrate by robotic spray. The inks for the spray were composed of carbon, Nafion water and isopropanol. 

These catalytic layers were characterized by profilometry on their whole surface to evaluate their homogeneity and 

their thickness. Then, measurements of electrical and ionic resistances were performed by four point measurements 

to estimate their influences in fuel cell performances.  

Keywords: Nanostructured carbon, Catalytic layer, Fuel Cells, ionic conductivity, electrical conductivity 
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In recent years, because of the issues of environmental pollutions and global climate changes, unitized regenerative 

fuel cells (URFCs) have been received many attentions for as renewable electrochemical devices for production of 

electricity and hydrogen gas [1]. In particular, the URFCs are an eco-friendly method to produce hydrogen and 

electricity. However, there are some technical issues for making commercialization of URFCs. Slow kinetics of 

oxygen evolution and reduction reactions (OERs and ORRs) for the oxygen electrode catalysts cause low cell 

performances with high polarization resistances [2]. Furthermore, the noble metal (iridium, ruthenium, platinum, and 

alloys)-based carbon-supported catalysts have still used for OER and ORR catalysts. But high cost and limited 

resource of noble metal catalysts prevent making commercialization of the bi-functional electrochemical cells [3].  

Hence, pyrochlore-based oxide catalysts are considered as the alternative bi-functional catalytic materials, due to the 

unique crystalline structure of plentiful oxygen vacancies and electron pathways [4]. The pyrochlore-based catalysts are 

synthesized by the solid-state reaction and hydrothermal method with various A-site materials (eg. Y, Nd, and La) and B-

site materials (Zr, Ti, and Sn) in A2B2O7 structure [5, 6]. In the solid-state reaction, a stoichiometric mixture of A2O3 and 

B2O3 are mixed with ethanol for ball-milling during overnight. Then, ball-milled mixtures are dried in electric oven at 80 ℃ 

for 10 h. As prepared powders are heated at 1,100 ℃ for 10 h in air atmosphere. In the hydrothermal reaction, nitrate and 

chloride precursors are used with NaOH for alkaline condition. All of precursors are dissolved in deionized water, then the 

NaOH solution is added into the prepared solution. After forming of precipitations, final solution is transferred into 

hydrothermal reactor, sealed, and heated at 200 ℃ for 4h. The physicochemical properties of the final products are obtained 

by various analysis tools such as X-ray diffraction, scanning electron microscopy, transmission electron microscopy, and 

BET. For the electrochemical investigations, a rotating disk electrode (RDE) system is used with a 0.1 M KOH 

solution, an Hg/HgO and a Pt wire for electrolyte, reference electrode and counter electrode, respectively. The pre-

conditioning of catalysts is carried out by cyclic voltammetry (CV) at a scan rate of 100 mV/s for 50 cycles with 

nitrogen purged electrolyte. The OER (1.2-1.7 V) and ORR (0.05-1.2 V) activities are analyzed by linear sweep 

voltammetry (LSV) at a scan rate of 5 mV/s for the performance and long-term stability [7, 8]. 
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In this work, we synthesized a 3D porous boron-doped graphene aerogel(3D-BG) through a modified two-step 

hydrothermal reduction method, which has been simultaneously used as the matrix to load sulfur and the interlayer 

between cathode and separator. The sulfur contained 3D-BG was mechanically pressed to circular disc and directly 

used as a current collector-free cathode, which has high sulfur content, good flexibility and electrical conductivity. 

Since no extra conductive additive and binder are needed, the method is also more facile than general process. The 

interlayer was prepared through the same method, which was used as lithium polysulfides absorber and to suppress 

the shuttle effect. With the novel cathode and battery structure, the lithium-sulfur battery could deliver a high initial 

specific capacity more than 1100mAh/g. More importantly, compared with general cathode and non-interlayer battery, 

the dissolution of lithium polysulfides and shuttle effect are suppressed effectively by the porous structure and various 

functional groups of 3D-BG matrix and interlayer, greatly improving the utilization of active material and cycling 

stability. 
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In this talk, we demonstrate that both dedecanethiol-passivated Ge nanowires and graphene-germanium composites 

can serve as excellent LIB anodes. Germanium (Ge) is considered as a high-capacity anode materials for lithium-ion 

batteries (LIBs) due to its high theoretical capacity of 1384 mAh/g, which is four times larger than graphite anode 

(372 mAh/g). However, the dramatic volume changes (~300 %) of Ge during the insertion/extraction usually cause 

crack and pulverization of electrode, and loss of electrode contact, making the capacity fade rapidly after several 

cycles. Ge nanostructures can effectively accommodate the volume changes, tolerate relaxed mechanical strain, and 

provide channels for efficient electron transport, but the anode performance still decayed rapidly within a few tens of 

cycles. Dodencanethiol-passivated Ge nanowires exhibit an excellent electrochemical performance with a reversible 

specific capacity of 1130 mAh/g. The functionalized Ge nanowires show high-rate capability having charge and 

discharge capacities of ~555 mAh/g at rates as high as 11 C. An aluminum pouch type lithium cell using a LiFePO4 

cathode was assembled to provide larger current (~30 mA) for uses on light-emitting-diodes (LEDs) and audio devices. 

This study shows that organic monolayer-coated Ge nanowires represent promising Ge-C anodes with very low carbon 

content (~2-3 wt %) for high capacity, high-rate lithium-ion batteries and are readily compatible with commercial 

slurry-coating process for cell fabrication. Carbon-coated Ge nanoparticles/RGO (Ge/RGO/C) sandwich structures 

were formed via a carbonization process. The high nanoparticle-loading nanocomposites exhibited superior Li-ion 

battery anode performance when examined with a series of comprehensive tests, such as receiving a practical capacity 

of Ge (1332 mAh/g) close (96.2%) to its theoretical value (1384 mAh/g) when cycled at a 0.2 C rate and having a 

high-rate capability over hundreds of cycles. Furthermore, the performance of the full cells assembled using a 

Ge/RGO/C anode and an LiCoO2 cathode were evaluated. The cells were able to power a wide range of electronic 

devices, including an light-emitting-diode (LED) array consisting of over 150 bulbs, blue LED arrays, a scrolling LED 

marquee, and an electric fan.  

Keywords: lithium, battery, anodes, nanowires, composites 
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 In a recent study (ACS Sustainable Chem. Eng., 2016, 4 (3), 1262) starch biopolymer desiccants displayed enhanced 

sorption capacity and regeneration ability when compared against commercial silica desiccant materials. Wide 

applications and projected growth in the global market are anticipated for solid desiccant materials, especially those 

derived from renewable resources that serve as alternative environmentally friendly bio-desiccants. In this research, 

the sorption of water vapor on high amylose starch is investigated as an alternative desiccant for air to-air energy 

exchangers used in ventilation units. Sorption performance of micron size mesoporous high amylose starch (HAS15) 

and two mesoporous silica gel samples were studied and compared. Transient water vapor sorption tests were 

performed using small-scale energy exchangers coated with HAS15 and the silica gel samples. Although N2 gas 

adsorption tests showed lower sorption capacity for HAS15 compared to the silica gel samples, higher sorption rates 

and uptake capacity were shown for HAS15, when measured by water vapor transient sorption results. In addition, 

the latent effectiveness, an indicator of moisture recovery efficiency for exchangers was calculated for each exchanger. 

With the same amount of desiccant coated on the energy exchanger channels, the latent effectiveness of the HAS 

coated material was 2-13% greater than that of the silica gel materials, depending on the operating conditions. 
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In recent years, global warming and increasing oil prices have highlighted the need for electric vehicles. In order to 

commercialize electric vehicles, it is very important to develop lithium-ion batteries (LIBs) with high-energy density. 

There are two approaches for achieving high-energy density LIBs: (1) by searching for new or improving existing 

positive electrode materials, or (2) searching for alternatives to carbonaceous negative electrode materials, which 

should have high capacity and low redox potential. In this study, we investigated alternatives to carbonaceous negative 

electrode materials. Graphite has been used as a negative electrode for LIBs. However, it does not meet the high-

energy density requirements because it has a low theoretical capacity of 372 mA h g−1, which was confirmed in practice 

[1].  

Transition metal oxides such as MoO2, MoO3, and Co3O4 have much higher capacities than graphite because they can 

react with one or more Li+ per formula unit [2]. Niobium dioxide (NbO2) has a theoretical capacity of 429 mA h g−1, 

assuming that it reacts with two Li+. This can be converted to a volumetric capacity of 2531 mA h cm−3 (calculated 

using the density of NbO2 (5.9 g cm−3)), more than three times greater than that of graphite (833 mA h cm−3). Given 

its high capacity, NbO2 is a promising candidate to replace graphite. 

In this work, we investigated the electrochemical mechanism of lithium ion into NbO2 as a negative electrode material 

in LIBs by in-situ X-ray diffraction. Electrochemical properties are obtained by charge and discharge test at various 

C-rates. Surface oxidation state was analyzed by X-ray photoelectron spectroscopy. 

Keywords: Lithium secondary batteries, negative electrode, niobium oxides, in-situ XRD, interfacial reactions 
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Solar cells based on organic dyes offer a photovoltaic module with low hazard risk components, low production cost 

and easy manufacturing technique. We report organic-dye sensitized solar cells (O-DSSC)fabricated with various 

individual organic dyes and mixture of dyes in different solvents in conjunction with iodide/tri-iodide redox electrolyte 

and various catalytic material as a counter electrode. This technique was first developed by M. Grätzel and co-workers 

in 1991 thus also called as Grätzel cell. [1] 

In DSSC different materials were evaluated as semiconductor, such as ZnO, TiO2, Nb2O5 [2] [3] from which TiO2 is 

most commonly used semiconductor. Using Triton-X as a thickener or stabilizer, the photoelectrodes of semiconductor 

thin film of DSSC is fabricated from TiO2 nanoparticles paste, above which photosensitizer is allowed to adsorb. The 

incident sunlight is absorbed by sensitizer for photocurrent and sensitizer should be chosen the way that it could able 

to inject e- in to conduction band of semiconductor. [4] 

We evaluated result with various organic sensitizers such as Phloxin B (η=0.1142% in ethanol), Amido Black 

(η=0.146% in DMSO), Indigo carmine (η=0.0825% in DMSO), Birbeich Scarlet (η=0.167% in DMSO), Alizarin 

cyanine Green (η= 0.178% in DMSO), Evans Blue (η=0.148% in DMSO)[5] in suitable solvent using PEDOT: PSS-

Graphite as a counter electrode. For each electron photogenerated from dye, an electron is injected into conduction 

band of semiconductor. These electron then are collected for powering a load via transparent (FTO) electrode, and 

arrive at counter electrode, which is coated by catalyst (PEDOT: PSS-Graphite) to speed up the redox reaction with 

electrolyte. The electrolyte with addition of additives can improve the efficiency of solar cells, another key component 

to obtain high efficiency of solar cell. The electrolyte phase can be liquid, quasi-solid and solid containing redox 

couple. Some type of redox couples are I3-/I-, Br-/Br2, SCN-/ (SCN) 2, SeCN-/ (SeCN)2 & bipyridyl cobalt (III/II) [6]. 

We used I3-/ I- as electrolyte, far known for the best results concerning the efficiency of DSSC. Later the effects of the 

solvents on the performance of cells using mixture of dyes were studied. In present work five sets of organic dyes 

with different solvents were prepared from which Sudan Black B and Azur B individually tested (η=0.15% and 

η=0.21% in DMSO respectively) and obtained results compared with the results of mixture of same dyes in distilled 

water (η= 0.11%), ethanol (η= 0.20 %), and DMSO (η= 0.24%) [7]. High efficiencies for mixture of dyes are obtained 

when compared to results of their individual dyes, thus, showing the influence of mixture of dyes. The counter 

electrode and electrolyte were kept same in all these cells. Furthermore, variations were made both in solvents and 

counter electrode and crystal violet & Azur A were used as photosensitizer. Here we studied the effect of different 

catalytic material such as Platinum, Graphite-PEDOT: PSS, Graphite using mixture of two above dyes in different 

solvents (Distilled water, Ethanol DMSO). Obtained conversion efficiency (η) of CELL 1 [Crystal Violet + Azur A 

in Distilled H2O]: Platinum (η=0.37%), Graphite-PSS:PEDOT (η=0.33%), Graphite (η=0.29%); CELL 2 [Crystal 

violet + Azur A in ethanol]: Platinum (η=0.26%), Graphite-PSS:PEDOT (η=0.23%), Graphite (η=0.16%); CELL 3 

[Crystal violet + Azur A in DMSO]: Platinum (η=0.31%), Graphite-PSS:PEDOT (η=0.29%), Graphite (η=0.21%). 

Comparing the result it was found that platinum electrode consistently increases the cell performance as compared to 

Graphite, but showed results nearly equal to Graphite-PEDOT:PSS) concluding that PEDOT:PSS can take over the 

costly Platinum counter electrode with good efficiency.  

Keywords: DSSC, thin film semiconductor, organic dyes, photoelectrods, solar cell 
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In this work, we show the preparation of multi-layer graphene sheets (MLG) from a carbon graphite electrode used 

alternatively as cathode and anode in a submerged micro-plasma setup [1]. Apart from the common atomic hydrogen, 

oxygen and molecular OH emissions obtained from optical emission spectroscopy, the cathodic micro-plasma shows 

richer and more intense spectral response when compared to the anodic one, including the molecular features of C2. 

TEM results show for the material prepared by anodic micro-plasma relatively large lateral size sheet-like MLG 

without major structural distortions, whereas with the cathodic configuration, tiny flakes of graphite are seen to be 

attached to large lateral size MLG (see figure 1). Furthermore, we observe in the latter negative Raman shifts of the 

G peak and the appearance of the T peak at 1100 cm-1, which are attributed to thermal-induced strains in the graphene 

crystal lattice, as well as to some C-C sp3 bonds content. This suggests that MLG produced using the anodic micro-

plasma is mainly through electro-assisted volume expansion of graphite by anions/solvent intercalation, followed by 

the destructive fragmentation and exfoliation of the anode [2]. Whereas MLG produced using the cathodic 

configuration is obtained through both intercalation/exfoliation, and degradation of the working electrode through 

localized heating and material evaporation. Cyclic voltammetry, constant-current charging/discharging and 

electrochemical impedance spectroscopy were used to evaluate the time- and frequency-domain behaviors of 

symmetric MLG-based supercapacitors. We also tested the behavior of the devices in an inverting integrator circuit 

using up to 5000 Hz bipolar excitations. MLG material produced using cathodic graphite showed superior performance 

at close-to-dc (< 1 Hz), whereas the anodic MLG is better suited for higher frequencies (see figure 1). This indicates 

the possibility of using MLG-based supercapacitors for both dc energy storage and ac filtering applications. 
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Figure 3: Morphological and electrochemical characterization of MLG sheets prepared with cathodic and anodic micro-plasma. The 

irregular structure of MLG sheets (top left) hosts some sp3 C-C content (from Raman spectroscopy measurements, not shown here) 

contribute to outstanding 3 F/g device capacitance at low and close-to-dc frequencies. Whereas the smoothness of the MLG sheets 

prepared with anodic micro-plasma (bottom left) makes the material suitable for both reasonable energy storage (2.5 F/g device 

capacitance) as well as for high-frequency applications (compare results obtained from the inverting integrator circuit at 100 Hz). 
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Synthesis of CuInS2 quantum dots with gradient band gap and their application in 

solar cells 

Quantum dots (QDs) hold promising for fabricating low-cost and high efficient solar cells for their tunable band gap, 

multiple exciton generation and hot electron injection. However, the most well studied QDs used in solar cells are 

CdS and PbS, which contain toxic element, and because of the mismatch energy gap of these QDs with solar spectrum, 

they suffer from incomplete coverage of the solar spectrum. That severely limit the application of solar cells on a large 

scale. As an alternative, CuInS2 (CIS) QDs do not contain heavy toxic element, and the large absorption cross-section 

is well matched for harvesting solar energy that make it a promising material for solar cells. In this work, the CIS QDs 

with gradient band gap are synthesized simply by tuning the reaction time via hot-injection method. A serious of 

measurements such as XRD, TEM, PL spectra are conducted to characterize the composition, structure and optical 

properties of CIS QDs. High-performance chalcopyrite structure CIS QDs were obtained with band gap range from 

1.46 to 1.86 eV. Finally, the multilayer of QDs with gradient band gap are applied on solar cells for their better 

coverage of solar spectrum and it shows photon-to-electron conversion (PCE) of 4.21 % which is about 20 % higher 

than that of monolayer CIS QDs. It offers the opportunity to further improve the efficiency simply by controlling band 

gap of QDs. 

Keywords: CuInS2 quantum dots, gradient band gap, characterization, solar cells, efficiency. 
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Basically, Cuprous oxide (Cu2O), which is a p-type oxide and suitable to an absorption layer of photovoltaic cell and 

photoelectrochemicall (PEC) cell for hydrogen generation, because it has an appropriate direct band-gap of 2eV and 

can absorb a large part of the solar spectrum and have an appropriate energy band position. The conduction band (CB) 

lies at -0.7 V of the hydrogen generation potential. Thus, the electrons excited by the CB of Cu2O are energetic enough 

to be transferred to water for hydrogen evolution. Nevertheless, Cu2O photoelectrodes have critical limitations in term 

of high PEC performance. First, the Cu2O film is chemically unstable due to its self-photo deterioration mechanism. 

Because photo-corrosion is inevitable under visible light illumination because the redox potential of Cu2O from self-

reduction (Cu2O to Cu) or self-oxidation (Cu2O to CuO) by photo-generated electrons or holes is within its bandgap. 

Thus, an additional thin protective layer based on TiO2 was used on top of the Cu2O film to prevent direct contact 

between Cu2O and the electrolyte. However, TiO2 with high resistance requires a high growth temperature, resulting 

in an electrically resistive Cu2O film, and an appropriate film thickness, which reduces the photocurrent. Second, the 

electrodeposited Cu2O films generally exhibit low electrical conductivity and short minority-carrier diffusion lengths, 

which cause low photocurrents because of frequent non-radiative recombination. The high performance of 

electrodeposited cuprous oxide (Cu2O) based photoelectrochemical (PEC) cells has been limited due to low electrical 

conductivity hindering effective carrier transport to electrodes and chemically unstable properties in aqueous 

environments, despite their several advantages such as suitable band gap, band position, and cost-effective and 

environmentally friend elements. The Cu2O: Sb bi-layer improved the crystal growth of Cu2O as well as the desirable 

crystal growth along the [111] direction. These microstructural changes showed high electrical conductivity due to 

the suppression of high hole mobility and instability associated with the surface. 
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Conventional electrochemical double-layer capacitors (EDLCs) are well suited as power sources for devices that 

require large bursts of energy in short time periods. However, EDLCs suffer from low energy densities as compared 

to their battery counterparts, which restrict their applications in devices that require a simultaneous supply of high 

power and high energy. In the wake of improving the energy density of EDLCs, the concept of hybridization of 

lithium-ion batteries (LIBs) and EDLCs has attracted considerable attention in recent years. Such a hybrid known as 

a Lithium-ion capacitor (LIC) comprises a Li-ion intercalating anode and a fast charging-discharging EDLC cathode. 

Although quite ideal in theory, such a system poses major challenges, most of which are a result of the mismatch 

between the specific capacities and power densities of the LIB and EDLC electrodes. In this talk, the challenge and 

our recent progress on developing various on-chip energy storage and power generation systems will be discussed.  

We have demonstrated that high performance nanocomposites enabled carbon micropillar arrays as well as TiN 

passivated porous Si could be two promising platforms for on-chip application. In addition, a hybrid capacitor that 

utilizes a Li4Ti5O12 (LTO) based anode and a graphene and carbon nanotube (G-CNT) composite based cathode will 

also be highlighted. 
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Lithium-ion batteries have attracted great attention as one of the most versatile electrochemical energy storage devices. 

However, to meet the ever-growing energy needs for wide applications, further improvements on energy density of 

batteries are expected, which requires the development of innovative high-energy electrode materials. Silicon (Si) and 

sulfur (S) are two promising candidates and have been studied intensively as anode and cathode materials in 

lithium-ion batteries. In this work, we first discuss the lithiation behaviours of both porous silicon (Si) nanoparticles 

and porous Si nanowires by in situ and ex situ transmission electron microscopy (TEM) and compare them with solid 

Si nanoparticles and nanowires. The in situ TEM observation reveals that porous Si nanostructures has better capability 

to accommodate volume expansion, to suppress c-Li15Si4 formation during the first lithiation process, and to suppress 

pore evolution during cycling than solid Si nanoparticles.  

On this basis, we use porous Si as anode material to pair up with S cathode to form Si-S full cells. We will discuss the 

challenges in the Si-S full cell integration, and a failure mechanism of Si-S full cell is proposed. On this basis, we 

report one prototype of Si-S full cells using lithiated Nafion-coated porous Si as anode and sulfur as cathode, and our 

study on the functionality of Nafion in shielding Si from reaction with polysulfides. With optimized mass ratio 

between sulfur and silicon, the full cell yields specific capacity of 330 mAh/g and energy density of 590 Wh/kg after 

100 cycles based on the total mass of sulfur and silicon. The achieved energy density is more than 2 times higher than 

commercially available lithium-ion batteries. The investigation of issues in Si-S full cell research and the proposed 

full cell prototype will shed light on the development of next-generation lithium-ion batteries. 

Acceptance ID: AU44-P 

  

mailto:chongwuz@usc.edu


 

 353 

Finding Lead Free Halide Perovskites via Trivalent Metal Cations: A Theoretical 

Study 

Ki-Ha Hong (Hong)1 and Choong-Heui Chung (Chung)1  

1Department of Materials Science and Engineering, Hanbat National University, 125 Dongseo-daero, Yuseong-Gu, 

Daejeon, 34158, Korea.  

kiha.hong@hanbat.ac.kr 

Organic-inorganic hybrid perovskite (OIPVK) are one of strong candidates for the next generation photovoltaic 

materials. Since the Miyasaka group first implemented methylammonium (MA, CH3NH3
+) lead tri-iodides (MAPbI3) 

as a sensitizer in dye sensitized solar cells, there have been dramatic increases in the power conversion efficiency 

(PCE) of perovskite based solar cells, of which the certified PCE has already exceeded 20%. Stability and non-toxicity 

are the key factors affecting the commercialization of OIPVKs. Among various efforts to develop Pb-free perovskite 

solar cells, Sn based materials have shown the PCE. However, the stability of Sn-based perovskites is worse than Pb-

based solar cells and the multivalent features of Sn are considered to be the origin of the unstable performance.  

Recently, tri-valent metal halide perovskites (A3X2I9, A=CH3NH3
+(MA)/Cs, X=Bi/Sb) have attracted considerable 

attention because they exhibit better stability and less toxicity than Pb halide perovskites. While the PCE of A3X2I9 

has not been able to compete with that of Pb/Sn based solar cells up to now, the stability of the perovskites has been 

significantly improved.  

The fundamental bottleneck limiting the use of A3X2I9 perovskites in solar cell applications is their large band gap, 

which can rarely be manipulated to less than 1.9 eV. This study presents a computational screening of Pb-free hybrid 

perovskites containing trivalent metal cation using density functional theory. The band structures of Cs3XX’I9 (X & 

X’= trivalent metal cations) were evaluated within P63/mmc and P3̅m1 lattice symmetries. Computational screening 

has been conducted considering proper band gap, absorption coefficient, formation energies and effective masses. 

Among the various tri-valent atoms investigated, In and Ga doping in Bi and Sb based perovskites showed very 

promising band gap modulation behaviors. 
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In an era of climate change, alternate energy sources are desired to replace oil and carbon resources. Subsequently, 

climate change effects in some areas and the increasing production of biofuels are also putting pressure on available 

water resources. Microbial Fuel Cells have the potential to simultaneously treat wastewater for reuse and to generate 

electricity; thereby producing two increasingly scarce resources. Microbial fuel cell consists of anode and cathode, 

connected by an external circuit and separated by Proton Exchange Membrane. Anodic material must be conductive, 

bio compatible, and chemically stable with substrate. Metal anodes consisting of noncorrosive stainless steel mesh 

can be utilized, but copper is not useful due to the toxicity of even trace copper ions to bacteria. The simplest materials 

for anode electrodes are graphite plates or rods as they are relatively inexpensive, easy to handle, and have a defined 

surface area. Much larger surface areas are achieved with graphite felt electrodes 

The most versatile electrode material is carbon, available as compact graphite plates, rods, or granules, as fibrous 

material (felt, cloth, paper, fibers, foam), and as glassy carbon. Proton Exchange Membrane is usually made up of 

NAFION or ULTREX. Microbial Fuel Cells utilise microbial communities to degrade organics found within 

wastewater and theoretically in any organic waste product; converting stored chemical energy to electrical energy in 

a single step. Oxygen is most suitable electron acceptor for an microbial fuel cell due to its high oxidation potential, 

availability, sustainability and lack of chemical waste product, as the only end product is water. 
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As a potential alternative of the limited capacity of graphite-based materials, SnO2 has drawn researchers’ great 

attention in terms of promising theoretical capacity and appropriate operation voltages.1-2 Most of the works focus on 

large volume swings and the enhance of capacities, however, the challenging problems of SnO2 anode material for 

lithium ion batteries are the poor electronic conductivity and the low oxygen reutilization due to the irreversibility of 

Li2O generated in the initial discharge leading to a theoretical initial coulombic efficiency of only 52.4%. If the oxygen 

can be totally reutilized, the theoretical capacity of SnO2 is as high as 1494 mA h g−1 (≈4 times that of graphite) rather 

than the limited theoretical capacity of 781 mA h g−1. It is significant but remains a challenge to accomplish 100% 

reutilization of the oxygen in SnO2 until now.3-4 

We propose a novel strategy to improve the oxygen reutilization in SnO2 by introducing oxygen-poor metals or alloys. 

According to this protocol, multi-yolk−shell SnO2/Co3Sn2@C nanocubes are designed and successfully prepared using 

hollow CoSn(OH)6 nanocubes as precursors followed by a facile hydrothermal and calcination treatment. The Co3Sn2 

nanoalloys are uniformly dispersed in the matrix of SnO2 and can release Co and Sn during discharging; the newly 

released Co can react with Li2O to form CoOx in charging. The efficient reutilization of oxygen allows a high initial 

coulombic efficiency of 71.7% and a reversible capacity of 1003 mA h g−1 after 200 cycles. The removal of Li2O 

surrounding Sn nanocystals enables a high electronic conductivity for good rate performances. The unique 

multiyolk−shell nanostructure offers adequate breathing space for the volume wings during long-term cycling. This 

strategy employing oxygen-poor metal components provides a novel approach to enhance the oxygen reutilization in 

SnO2 for higher reversibility. 
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Owing to the growing concern on the energy crisis, Mg–air battery is considered as a promising power source and 

energy storage device, because of its high theoretical voltage, high specific energy, light weight, low cost and no 

pollution [1–3]. However, the Mg anode has some problems [4, 5]: (1) the discharge products adhered to the anode 

surface; (2) the self discharge occurring on the Mg anode. Therefore, the present work aims to investigate the 

performance of Mg–air battery based on Mg9Li2Al (LA92) alloys with different microstructures. In the present study, 

three unique microstructures (i.e. -fine equiaxed, -coarse equiaxed, and  +  coexist) achieved via different heat 

treatments, were included in the evaluation. The potentiodynamic polarization and electrochemical impedance 

spectroscopy tests show that the -coarse microstructure enhances the electrochemical activity of the LA92 alloys. 

An Mg–air battery based on the processed LAZ92 alloys was prepared and the battery performance was investigated 

by constant current discharge test. The -coarse LA92 alloy exhibited superior discharge properties compared to the 

other samples. In -coarse LA92 alloys, the discharge product is loosely adhered to the alloy surface, and thus could 

keep high discharge activity during discharge. And the corrosion products are mainly Mg(OH)2. 

Keywords: Mg9Li2Al, Mg-Air battery, microstructure, corrosion behavior 
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The organic-inorganic hybrid perovskites have been demonstrated many optoelectronic applications including high-

efficiency perovskite solar cells (PSCs), solid-state lasers, light-emitting diodes and highly sensitive photodetectors, 

due to their superior photoelectric properties such as high absorption coefficient, long carrier lifetime, and highly 

balanced hole and electron mobility simultaneously. The organic-inorganic hybrid perovskite single-crystalline thin 

films (SCTFs) are promising for enhancing the photoelectric device performance due to the higher carrier mobility, 

longer diffusion length and carrier lifetime arising from the reduced trap-state densities compared with polycrystalline 

films. However, bulk perovskite single crystals available today are not suitable for direct fabrication of practical 

devices due to the unfavorable thickness. 

In this presentation, we will present a facile space-confined solution-processed strategy to fabricate hybrid perovskite 

SCTFs with the following features: i) facile solution-processing method; ii) perovskite SCTFs in sub-millimeter scale; 

iii) adjustable thickness from nanometers to micrometers with an aspect ratio up to ~105; iv) thickness-dependent color 

for direct visual inspection of suitable thickness for diverse device applications; v) air-stable perovskite SCTFs; vi) 

on-substrate growth for direct practical device fabrication; vii) substrate-independent growth with potentials for 

various applications; viii) general method for fabricating various hybrid perovskite SCTFs. The structural, optical and 

electronic transport property characterizations revealed that the prepared perovskite SCTFs exhibited the excellent air 

stability and comparable quality to bulk single crystals with a low trap density of 4.8 x 1010 cm-3, high carrier mobility 

of 15.7 cm2V-1s-1, and long carrier lifetime of 84 µs. The further investigation showed that the developed space-

confined strategy could also be applied to on-substrate single crystalline inorganic perovskite structures. These results 

might inspire the further exploration of on-chip fabrication of high-performance PSCs and diverse devices with 

perovskite SCTFs. 
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In order to realize next generation energy storage devices with high efficiency, large energy/power density, and 

long life cycle, novel carbon-based nanomaterials are needed as electrodes.   In here, we present interesting 

multidimensional carbon nanostructures which could find potential applications in electrodes for energy storage 

devices. Besides basic descriptions on their synthesis, characterizations, and capacitor electrodes performance, their 

possible applications in the next generation Li ion energy storage devices will be discussed. We prepared carbon 

nanoplatelets (CNPs) by simple thermal treatment of expandable graphites. By using carbon nanoplatelets (CNPs), 

multi- dimensional (1D+2D) carbon nanostructures (CNP-CNTs) were synthesized by use of metal catalysts and CVD 

process. Basic cyclic voltammetry study on the CNPs and CNP-CNTs reveals that CNP-CNTs possessed enhanced 

mass specific capacitances compared to those of CNPs. Our multi-dimensional carbon nanostructures showed 

excellent electrochemical properties probably due to large surface area and unique geometry.  These results suggest 

that our multi-dimensional nanocarbons could be promising in their applications in electrochemical capacitors. 
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Graphene has shown superior properties suitable for photovoltaic devices, including high optical transmittance, high 

mechanical flexibility, low resistivity, and high carrier mobility. In theory, with the property of semi-metal, graphene 

is able to form a Schottky junction with any semiconductor having moderate carrier density. Monolayer Transition 

Metal Dichalcogenides (TMDs) are also promising two-dimensional materials in optoelectronic devices. Monolayer 

TMDs are semiconductors with direct bandgaps which are beneficial to optoelectronic usage. Combination of 2D 

materials and bulk semiconductors can potentially overcome the limited absorption problem and difficulties in mass 

production of 2D materials. 

This work consists of two studies: Transferring the chemical vapor deposition (CVD) grown TMDs onto p-type Si 

substrates to produce heterojunction p-n solar cells, and transferring graphene which is also grown by CVD onto n-

type GaAs to produce Schottky junction solar cells. In TMDs/p-Si heterojunction p-n solar cells, various back 

electrode materials and top electrode structures were investigated. The best power conversion efficiencies obtained 

for the MoS2 and WS2 heterojunction solar cells were 4.23 and 2.08 %, respectively. In grapheme/GaAs Schottky 

junction solar cells, the best power conversion efficiency was 2.08 %. This study demonstrates the potential application 

of 2D materials in photovoltaic devices. 

 
Acceptance ID: C28M-O 

  



 

 360 

Facile Fabricating Ternary Mo-based Oxides for Energy Storage Application 

Gan Qu1, 2, Jianbo Wang2, and Yiwen Tang1 

 1Institute of Nano-Science & Technology, Department of Physics and Technology, Central China Normal 

University, Wuhan 430079, China. 
2School of Physics and Technology, Center for Electron Microscopy, MOE Key Laboratory of Artificial Micro- and 

Nano-structures, and Institute for Advanced Studies, Wuhan University, Wuhan 430072, China. 

Email address: ywtang@phy.ccnu.edu.cn 

Ternary Mo-based oxides, such as NiMoO4·xH2O,1 CoMoO4,2 and MnMoO4,3 have aroused a great deal of attention 

in energy storage field on account of the excellent electrochemical performance. However, the reported strategies for 

fabricating ternary Mo-based oxides are complicated, higher energy consumption, and time consuming, which restrict 

the industrial application of the materials. Here, we report an innovative method to synthesize the ternary Mo-based 

oxides nano-materials, which process is rapid, facile, and energy free. Furthermore, the strategy is not only low-cost, 

but also high-yielding, which displays a great potential for application. The formation mechanism has been discussed 

to reveal the evolution process of NiMoO4·xH2O nanorods and sycamore fruit like CoMoO4 and MnMoO4 materials 

in this reaction system. In addition, the obtained ternary Mo-based oxides exhibit high specific capacitance and 

outstanding cyclic stability, making them attractive for application as energy storage materials. 
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Development of transformative technology capable of producing inexpensive superior lithium electroactive anode 

material with low volume changes and stable performance on cycling is an important step on the path to advanced 

application of lithium ion batteries (LIBs)[1-3]. In this work, a new synthetic strategy for hybrid SnO2-Co3O4 

nanotubes, based on electrospun polyvinylpyrrolidone (PVP) fibers with simultaneously evenly embedded metal 

precursors of Sn(IV) and Co(II) followed by two-step gradual pyrolysis in nature air, was developed. The formation 

mechanism, chemical composition, morphology and structure of the hybrid SnO2-Co3O4 nanotubes were investigated 

by techniques, such as transmission electron microscopy (TEM), scanning electron microscopy (SEM), X-ray 

diffraction (XRD), and nitrogen adsorption-desorption isotherms (SADI). Control experiments show that the heat-

treatment atmosphere, is the key for the in situ growth of the one-dimensional (1D) hollow hybrid SnO2-Co3O4 

nanotubes in a large yield. 

The obtained hollow and flexible one-dimensional nanotubes effectively lessen the effects caused by volume change 

of the conversion reaction Sn+xLi++xe−↔LixSn (0≤x≤4.4), and significantly shorten the solid-state diffusion length 

of Li ions upon cycling. The near neighbor Co nanophase, in situ generated from the co-component of Co3O4, is 

thought to catalytically promote the conversion of Sn to SnO2 over SnO2+4Li++4e−→Sn+2Li2O and enhance the 

reversible reduction of Li2O during delithiation. These alleviate the degrading of the electrodes, thus improving the 

lithium insertion and extraction reversibility. The retained reversible capacity of the prepared hybrid nanotubes as an 

anode can reach 891 mAhg−1 even after 200 cycles at a current density of 100 mAg−1, showing tendency to further 

top the level up. The proposed method paves the way for rational design of 1D hollow hybrid nanotubes as a cost-

effective and environmentally-friendly efficient anode for LIBs. 

 

Figure 1  TEM images of hybrid SnO2-Co3O4 composite under different experimental conditions 

This work was supported by the National Natural Science Foundation of China (Grant Nos. 21576139, 21503111, and 

21376122) 
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Electrochemical gas-involved reactions, including gas-evolution reaction and gas-consumption reaction, are essential 

parts in current energy conversion processes and industries. Although the exploration of the highly active catalysts 

has been very mature, less attention was paid on the gas management during the gas-involved reactions. Inspired from 

bio-inspired materials, scientists find that bio-mimicked electrodes with superwetting property will influence the gas 

transportation process during the electrochemical reactions. Our group fortunately found that the interface behavior 

of electrode could be tuned by surface architecture construction, for example, transferring from aerophobic to 

superaerophobic by engineering a series of superwetting micro-/nanostructured electrodes, eg. MoS2. Cu nanoarray 

and Pt pine-like films [1-4]; transferring from aerophibic to superaerophibic by poly(tetrafluoroethylene)(PTFE) 

modifying, eg. CoNCNT@CFP.[5] For gas-evolution reaction, constructing nanostructured superaerophobic electrodes 

is effective to improve the performance by enlarging the bubble contact angle and reducing the bubble adhesion force 

with the surface of the electrode, thus insuring smooth leaving of the gas products. As to the gas consumption 

reactions, the superaerophibic electrodes are able to improve the performance by providing an unblocked gas diffusion 

pathway and a smooth electron transport. Therefore, construction of superwetting surface (auperserophobic for gas 

evolution reaction and superaerophibic for gas consumption reaction) can boost the performances of the electrodes by 

managing the surface bubbles. 
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Lithium rich layered oxides significant attention as energy harvesting materials due to their large capacities, which 

are, however, consist of queries on the large irreversible loss in capacities for the first charge/discharge cycle with 

oxygen removal in lattices related to layered Li2MnO3. Herein we present detailed studies on the Li-rich Mn based 

layered oxides of 0.4Li2MnO3-0.6LiNi1/3Co1/3Mn1/3O2 that were electrochemically activated between 2.5 V and 4.3 or 

4.7 V vs. Li+/Li. Electron energy loss spectroscopy (EELS) and X-ray absorption spectroscopy (XAS) revealed 

unusual Mn reduction after first charging up to high voltage of 4.7 V. Moreover, its electronic structures are not fully 

recovered to original pristine of Mn4+ state when they were discharged again. High-angle annular dark-field image in 

scanning transmission electron microscopy (HAADF-STEM) and electron dispersive spectra (EDS) also show 

dramatic decline of oxygen contents with many porous morphologies which associated with oxygen vacancies 

formation by following oxidation of O2- ions to O2. Our analysis suggests that unstable superficial Mn valence state 

with severe defects due to oxygen vacancies may lead the large irreversible capacity loss during the first 

charge/discharge cycle of Li-rich layered oxide. 
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In an effort to develop flexible rechargeable batteries, a new fiber-type flexible lithium-ion battery that consists of 

wound carbon nanotube fibers and active materials, has been developed and fabricated. The CNT fiber materials 

replace the conventional metal current collector, due to that CNT has high strength and outstanding electrical 

conductivity. Additionally, LiMn2O4 and Li4Ti5O12 are coated on the surface of the CNT fiber as an active material in 

cathode and anode, respectively. Cathode and anode materials consist of active materials, a conductive agent and a 

binder, and the weight ratio of three different materials have a strong influence on mechanical and electrical 

performance, as well. Moreover, silicon is used as another kind of an anode material, which is deposited on the surface 

of CNT fibers using the electron beam evaporation method. Eight cases of weight ratios were investigated to find good 

weight ratio. Mechanical and electrochemical performances were also tested with respect to each weight ratio. The 

tensile strength of the CNT fiber coated with active materials was measured by a tensile testing machine to check the 

mechanical properties. Electrochemical property was also measured by a battery tester. Fiber-type full cells were 

fabricated to test relative chemical reaction between cathode and anode. Also, pouch-type half cells were produced to 

measure independent performance of cathode and anode, respectively. The pouch-type half-cell could make a LED 

bulb lightened. Discharge capacity for the case with a weight ratio (active material: conductive agent: binder = 70: 15: 

15) showed 21mAh/g among 8 cases of cathode half-cell tests. When the lithium-ion battery is repeatedly charged and 

discharged, its average temperature varies from -20 to 60 ℃ and the electrode material with LiMn2O4 goes through 

thermal expansion. It may affect the concentration of diffusivity and lithium in the electrode. In this study voltage and 

temperature were compared with and without considering thermal expansion effects. 
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Nanoparticles to Enhance the Oxygen Reduction Reaction in PEMFC 
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Recently, there has been an increased interest in polymer electrolyte membrane fuel cells (PEMFCs). PEMFCs have 

energy conversion efficiencies as high as 80%. However, the durability of PEMFCs has been recently recognized as 

one of the most important issues to be addressed before the commercialization of PEMFCs. Pt surface area loss due 

to carbon corrosion and Pt nanoparticle (NP) dissolution from the carbon support and/or aggregation on the carbon 

support are considered one of the major problems to address. Carbon black (CB) is normally used as a support material 

for the Pt catalyst to maximize the mass activity of the catalyst. However, the oxidized sites of the CB accelerate the 

degradation of the support material for Pt NPs. The CB will oxidize at edge sites because polar functional groups can 

form at those sites. The polar functional groups will be further oxidized and finally corroded away. Recently, carbon 

nanotubes (CNTs) have been proposed as promising support materials for Pt NPs because the CNT supports exhibit 

high conductivity and mass transport capability as well as high chemical stability. However, there are no novel binding 

sites for adsorbing Pt ions on the CNT surfaces, although the surfaces of CNT are composed of non-oxidized graphitic 

carbon. Usually, functional groups are generated on the external walls to make the binding sites for Pt source using 

harsh oxidative treatments, such as refluxing in HNO3 or H2SO4-HNO3. However, the treated CNT surfaces will suffer 

serious carbon corrosion under conditions such as low pH, high potential, high humidity, and high temperature (~80 

°C). A new methodology for the deposition of catalyst NPs on CNT surfaces should be developed that satisfies both 

requirements for high NP dispersion and chemical stability. Recently, nanocrystalline TiO2 as a catalyst support has 

received increasing attention due to its inherent stability in the electrochemical environment, its commercial 

availability, and its enhancement of electrocatalytic activity due to its corrosion resistance and the synergistic effect 

between NPs and TiO2. We considered the preparation of PtPb/TiO2 on cup-stacked carbon nanotube (CSCNT) to 

enhance the oxygen reduction reaction (ORR). CSCNTs are tubular carbon nanostructures with a stacked cup 

arrangement of graphene layers. Therefore, the edges of the graphene layers are densely exposed on the surface of the 

CSCNT. The graphene edges are used as scaffolds to thoroughly coat the CSCNT surface with TiO2 layers. The PtPb 

ordered intermetallic NP electrocatalyst was selectively deposited on the TiO2 layers. The CSCNT functions as an 

electron conducting path. Recently, we reported that PtPb/TiO2 showed enhancement of electrocatalytic activity for 

the ORR [1]. The nature of the support, the composition of catalytic sites, the sites’ interaction with the support, and 

the electronic structure of the catalytic sites all most likely influenced the observed electrochemical behavior. In this 

study, PtPb NPs were chemically deposited on small, thin TiO2 layers that were prepared on CSCNTs. The unique 

catalytic property of PtPb ordered intermetallic NPs and the strong interaction between PtPb NPs and TiO2 layers 

successfully achieved the enhancement of ORR in acidic aqueous solutions. The improved ORR performance of PtPb 

NPs/TiO2/CSCNT is not an effect of the CSCNT support material. Rather, the higher performance is due to the 

interaction between PtPb NPs and TiO2 [2,3]. The CSCNTs can provide a large amount of structure to PtPb NPs on 

TiO2 on the CSCNT surface.  
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One-dimensional nanomaterials can offer large surface area, facile strain relaxation upon cycling and efficient electron 

transport pathway to achieve high electrochemical performance. Hence, nanowires have attracted increasing interest 

in energy related fields. We designed the single nanowire electrochemical device for in situ probing the direct 

relationship between electrical transport, structure, and electrochemical properties of the single nanowire electrode to 

understand intrinsic reason of capacity fading. The results show that during the electrochemical reaction, conductivity 

of the nanowire electrode decreased, which limits the cycle life of the devices.1 We have fabricated hierarchical 

MnMoO4/CoMoO4 heterostructured nanowires by combining "oriented attachment" and "self-assembly".2 The 

asymmetric supercapacitors based on the hierarchical heterostructured nanowires show a high specific capacitance 

and good reversibility with a cycling efficiency of 98% after 1,000 cycles. Then, we designed the general synthesis of 

complex nanotubes by gradient electrospinning, including Li3V2(PO4)3, Na0.7Fe0.7Mn0.3O2 and Co3O4 mesoporous 

nanotubes, which exhibit ultrastable electrochemical performance when used in lithium-ion batteries, sodium-ion 

batteries and supercapacitors, respectively.3 In addition, we have successfully fabricated a field-tuned hydrogen 

evolution reaction (HER) device with an individual MoS2 nanosheet to explore the impact of field effect on catalysis.4 

We also constructed a new-type carbon coated K0.7Fe0.5Mn0.5O2 interconnected nanowires through a simply 

electrospinning method. The interconnected nanowires exhibit a discharge capacity of 101 mAh g-1 after 60 cycles, 

when measured as a cathode for K-ion batteries.5 Our work presented here can inspire new thought in constructing 

novel one-dimensional structures and accelerate the development of energy storage applications. 
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A simple sol-gel method following heat treatment is utilized to synthesize reduced-graphene-oxide-wrapped Li3VO4 

(Li3VO4@rGO). X-ray diffraction, Raman spectroscopy and high resolution transmission electron microscopy show 

that Li3VO4 particles are tightly wrapped by rGO platelets, and the size of Li3VO4 is tuned with the fraction of rGO 

in the hybrid. Electrochemical measurements show that the Li3VO4@rGO hybrid with 11.0 wt.% rGO displays a 

reversible capacity of 579.8 mAh g-1 in the first cycle, and 489.0 mAh g-1 after 50 cycles, much higher than theoretical 

capacity of 394 mAh g-1 from Li3VO4. In a Li3VO4@rGO-LiFePO4/C full cell, the anode delivers a capacity of 499.1 

mAh g-1 at a rate of 0.05 C and 354.4 mAh g-1 at a rate of 0.5 C, as well as a capacity of 310.0 mAh g-1 after 100 cycles 

(@0.5 C), indicating that Li3VO4@rGO hybrids can be used as a practically high-performance anode material for 

lithium ion batteries. 
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Iron series metal-organic frameworks materials with controllable structures, large surface areas and adjustable pore 

sizes have attracted wide public concern for next-generation electrochemical energy-storage devices. Based on the 

current most advanced research, this review mainly introduces the application of iron series metal-organic frameworks 

and their derivatives in supercapacitors and batteries. The most recent advances in the area of iron series metal-organic 

frameworks electrode materials for supercapacitors and batteries are summarized. 

Keywords: Iron series, metal-organic frameworks materials, supercapacitors, batteries 
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First of all in 1925 Rideal and Williams [1] observed the photogalvanic effect but it was systematically investigated 

by Rabinowitch [2] in iron thionine system long back.It was followed by other investigators from time to time [3-

7].Photogalvanic effect was studied in photogalvanic cell containing EDTA as reductant, mixed dyes (combination of 

two dyes) as phtotosensitizer i.e. EDTA-NMB-SFO, EDTA-NMB-FG, EDTA-BG-FG, EDTA-BG-CB, EDTA-NMB-

CB. The used reductant was Ethylene diamine tetra acetic acid and photosensitizers were new methylene blue (NMB), 

Safranine-O-(SFO), Fast Green (FG), Brilliant Green (BG), Celestine Blue (CB), in different combinations. The 

photopotential, photocurrent, conversion efficiency, power of the cells and performance of the photogalvanic cells 

were determined. The effects of various parameters on the electrical output of the cell were observed and a mechanism 

has also been proposed for the generation of photocurrent in photogalvanic cells using dyes as photosensitizers. The 

role of dyes as energy materials was investigated and energy conversion and storage potential of photogalvanic cell 

was also investigated. The photogalvanic cells (systems) can be used at power level for 95.0, 90.0, 72.0, 65.0, 45.0 

minutes in the dark respectively.  

Mechanism: The mechanism of generation of photocurrent in photogalvanic cells can be proposed as follows: 

Illuminated Chamber   

                      (1) 

                                                           (2)  

At Platinum electrode 

                                                                                                                           (3)   

Dark Chamber  

Counter electrode 

                                           (4) 

                                                                            (5)  

Where  D + D1, D*  + D1*, D- + D1-  , R  and R+  are the mixed dyes, their excited forms, leuco or semi leuco forms 

and reductant and its oxidized form, respectively.  

Key words: Photosensitizer, photogalvanic cell, conversion efficiency, fill factor 
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Carbon nanofiber networks for stable lithium metal anodes with high coulombic 

efficiency and long cycle life 

Anyi Zhang†, Xin Fang†, Chenfei Shen†, Yihang Liu‡, Chongwu Zhou‡* 

Lithium metal is considered as one of the most promising candidates as anode material for high-energy-density Li-ion 

batteries. However, the dendritic growth of Li metal during the plating/stripping process has severely reduced the 

Coulombic efficiency and caused safety problems, which has for a long time been a key issue that limited the 

application of Li metal anodes. Herein, we demonstrate a distinctive design for dendrite-free deposition of Li by 

modifying the Cu current collector with a three-dimensional carbon nanofiber (CNF) network. Due to the large surface 

area and high conductivity of the CNF network, Li metal can insert into and deposit onto CNF directly and no dendritic 

Li metal was observed, leaving a flat Li metal surface. With Li metal as the counter electrode for Li deposition, an 

average Coulombic efficiency of 99.9% was achieved for over 300 cycles, at a large current density of 1 mA/cm2 and 

2 mA/cm2 with a high loading of 1 mAh/cm2 of deposited Li. The scalable preparation method and impressive results 

achieved here demonstrated the potential of applying our design in the development of dendrite-free Li metal anode 

in future. 
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Iron oxide/oxyhydroxides, hematite (α-Fe2O3) in particular, with the advantages of earth abundant, low cost and 

environmental friendliness have been widely studied as electrode materials for electrochemical energy storage (e.g. 

supercapacitors, Ni-Fe batteries and Li-ion batteries). However, during synthesis processes, hematite particles usually 

suffer from self-aggregation because of their high surface energy and thus grow into large blocks, leading to large 

“dead volume” which is inaccessible for electrolyte ion. Their advantage of the high theoretical capacity is also offset 

by the poor electrical conductivity.  

In this work, nanostructured α-Fe2O3 was fabricated on conductive graphite foil through electrochemical deposition 

and following thermal treatment. Influences of pH value and iron source concentration in electrochemical deposition 

solution, as well as annealing temperature, on iron oxide/iron oxide precursor nanostructure fabrication and their 

pesudocapacitive performance were studied by cyclic voltammetry, constant current charge-discharge and 

electrochemical impedance spectroscopy. The annealed α-Fe2O3 electrode with 3D nanorod network architecture 

displayed a high specific capacitance of 622 F g-1 at 2 A g-1 and good cycling stability (87.5% capacitance retention 

after 5000 charge-discharge cycles). We believe this electrochemistry-annealing approach could open up new 

opportunities for fabricating high-performance hematite based materials for electrochemical energy storage. 
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The film quality of perovskite (CH3MH3PbI3) is very crucial to the performance of perovskite solar cells. Here we 

present two methods to grow high quality perovskite films via a simple and rapid process. Polymer PAN and a series 

of hydrochlorides with different organic amine cations were introduced into CH3NH3PbI3 solution as a additive to 

obtain solar cells with high power conversion efficiency (PCE). Based on the device performance, a 2D material MoS2 

as an interfacial layer makes perovskite solar cells with a planar heterojunction have high PCE up to 17.06% as well 

as a significant enhancement of stability. 
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As the consumption of lithium-ion batteries (LIBs) increases, the recycling of spent LIBs becomes necessary. Because 

there are valuable metals such as Li, Ni and Co in the cathode active materials of LIBs, the recycling of LIB cathode 

has gathered more attention than other components, and can be conducted via hydrometallurgical route comprising 

leaching and co-precipitation processes. If the leach liquor of spent LIB cathode is directly used as a co-precipitation 

solution for the precursor of LIB cathode active materials, Li ions usually exist, which is not the case for the synthesis 

of new cathode active materials. In the usual preparation of Li cathode active materials such as Li[NixCoyMnz]O2 

(NCM), Li ions are introduced after the synthesis of precursors. In this paper, the effect of residual Li in precursors 

on their LIB performance was investigated.  

We synthesized precursors by hydroxide co-precipitation method using aqueous solutions including NiSO4, CoSO4, 

MnSO4, and Li2SO4, which could simulate the leach liquor of NCM with sulfuric acid. To control the Li content of 

precursors, they were washed with distilled water for multiple times. A mixture of precursor and Li2CO3 was heated 

at 1000℃ for 8 hours to synthesize cathode active materials. The Li content of three kinds of precursors (one without 

Li2SO4, one with Li2SO4 and 6 time washing, and one with Li2SO4 with no washing) was 0, 0.15 and 1.44 mol% 

respectively. The corresponding active materials from the above precursors showed the initial discharge capacity of 

161.08, 159.56 and 150.79 mAh/g respectively. The rate capability of the active materials also became aggravated 

with the increase in the amount of Li in the precursors although the Li content in the active materials was nominally 

identical. This decrease in the LIB performance can be attributed to cation mixing in the active materials, which were 

confirmed by the calculated intensity ratio of (003) and (104) peaks in XRD analysis. In summary, the LIB 

performance of NCM active materials can be aggravated by the presence of Li in precursors, and this aspect should 

be considered in the resynthesis of cathode active materials for LIB recycling. 

Acknowledgements 
This study was supported by the R&D Center for Valuable Recycling(Global-Top R&BD Program) of the Ministry 

of Environment. 

Keywords: lithium ion battery, cathode, precursor, recycling, lithium 

[1] LEE, M.-H., KANG, Y.-J., MYUNG, S.-T. & SUN, Y.-K. 2004. Synthetic optimization of Li[Ni1/3Co1/3Mn1/3]O2 

via co-precipitation. Electrochimica Acta, 50, 939–948. 

[2] ZHANG, X., XIE, Y., LIN, X., LI, H. & CAO, H. 2013. An overview on the processes and technologies for 

recycling cathode active materials from spent lithium-ion batteries. Journal of Material Cycles and Waste 

Management, 15, 420-430. 

[3] PARK, S.-H., KANG, S.-H., BELHAROUAK, I., SUN, Y.K. & AMINE, K. 2008. Physical and electrochemical 

properties of spherical Li1+x(Ni1/3Co1/3Mn1/3)1−xO2 cathode materials. Journal of Power Sources, 177, 177-183. 

Acceptance ID: K9PF-P 

  



 

 376 

A simple approach to  fabricate an efficient polymer solar cells with non-

conjugated electrolytes as the cathode buffer layer  

 

Joo Hyun Kim*, Youn Hwan Kim, Mutia Anissa Marsya, Nadhila Sylvianti 

 

1Department of Polymer Engineering, Pukyong National University, Busan 48547, Korea 

*e-mail :jkim@pknu.ac.kr 

 
Recently, bulk-heterojunction (BHJ) polymer solar cells (PSCs) have attracted attention due to their high 

potential for application as clean energy sources, as they are lightweight, flexible, and capable of large-

area fabrication. The power conversion efficiencies (PCEs) of PSCs have improved rapidly. PCEs of 

over 10% have been reported, due to tremendous efforts made in areas such as the synthesis of new 

conjugated polymers / oligomers and interface engineering. Charge transport and collection properties 

at both electrode interfaces are crucial factors for improving the efficiency of PSCs. Significant work 

has been undertaken to improve interfacial properties, such as alcohol / water soluble conjugated 

polymer electrolytes (CPEs), non-conjugated polymers, alcohol / water soluble conjugated or non-

conjugated small molecules (SMs), and polar solvent treatment. These materials enable the fabrication 

of a multilayer device without destroying a pre-coated organic semiconducting layer by orthogonal 

solubility in the processing solvents. PSCs with a thin film of these materials as an interlayer at the 

cathode interfaces show dramatically improved performance, relative to the devices manufactured 

without these materials as an interfacial layer. It has been reported that the ionic functionalities, at the 

end of side chains on the conjugated polymer backbone, induce the formation of favorable interface 

dipole, which leads to a decrease in the work function of the cathode. Non-conjugated polymers or SMs8 

can also reduce the work function of the cathode due to the formation of an interface dipole. In 

comparison with polymeric materials, SMs have advantages such as ease of synthesis and purification. 

In addition, SMs do not have batch-to-batch variation, or broad molecular weight distribution. 

In this presentation, various type of cathode buffer layer materials based on either conjugated or non-

conjugated electrolytes and their applications in organic solar cells will be discussed.  

Keywords :Polymer Solar Cell, Bulk-heterojuction, Cathode buffer Layer 
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Recently, bulk-heterojunction (BHJ) polymer solar cells (PSCs) have attracted attention due to their high potential for 

application as clean energy sources, as they are lightweight, flexible, and capable of large-area fabrication. The power 

conversion efficiencies (PCEs) of PSCs have improved rapidly. PCEs of over 10% have been reported, due to 

tremendous efforts made in areas such as the synthesis of new conjugated polymers / oligomers and interface 

engineering. Charge transport and collection properties at both electrode interfaces are crucial factors for improving 

the efficiency of PSCs. Significant work has been undertaken to improve interfacial properties, such as alcohol / water 

soluble conjugated polymer electrolytes (CPEs), non-conjugated polymers, alcohol / water soluble conjugated or non-

conjugated small molecules (SMs), and polar solvent treatment. These materials enable the fabrication of a multilayer 

device without destroying a pre-coated organic semiconducting layer by orthogonal solubility in the processing 

solvents. PSCs with a thin film of these materials as an interlayer at the cathode interfaces show dramatically improved 

performance, relative to the devices manufactured without these materials as an interfacial layer. It has been reported 

that the ionic functionalities, at the end of side chains on the conjugated polymer backbone, induce the formation of 

favorable interface dipole, which leads to a decrease in the work function of the cathode. Non-conjugated polymers 

or SMs8 can also reduce the work function of the cathode due to the formation of an interface dipole. In comparison 

with polymeric materials, SMs have advantages such as ease of synthesis and purification. In addition, SMs do not 

have batch-to-batch variation, or broad molecular weight distribution. 

In this presentation, various type of cathode buffer layer materials based on either conjugated or non-conjugated 

electrolytes and their applications in organic solar cells will be discussed.  
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Carrier transport material plays critical role in solution processed advanced solar cells such as organic polymer solar 

cell (OPV) and hybrid perovskite solar cells. High mobility, earth-abundant, environmentally-stable and nontoxic are 

the focus of electron transport and hole transport materials (ETMs and HTMs) research. 

In this talk, we will present our work on low temperature, solution processed metal oxides as ETM and HTM in 

organic polymer solar cell and hybrid perovskite solar cells.  Copper based binary metal oxide HTMs has achieved 

perovskite solar cell PCE of over 17% on glass, and 15.53% on flexible PET/ITO substrate. Solution processed Tin 

oxide (SnO2) nanostructures are also applied in OPV and provskite solar cells as ETM, and show promising results in 

efficiency, stability and processability. We will also discuss the potential of these interfacial materials in tandem solar 

cells.  
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Figure 1 

A hierarchical structure composed of the cobalt-nickel binary hydroxides (BH) supported on a nickel foam scaffold 

(CoNi BHs/NF) was synthesized by a controllable electrodeposition technique, using precursors with different anions, 

for high efficiency electrode materials in the asymmetric supercapacitor. The morphology and electrochemical 

performance of the CoNi BHs can be controlled by adjusting the molar ratio of precursors with different anions during 

the electrodeposition. In the investigation of cyclic voltammetry tests and galvanostatic charge-discharge, for the 

optimized sample, the hybrid delivered a high specific capacitance of 1587.5 F g-1 at a current density of 0.5 A g-1 and 

remained 1155 F g-1 at high current density of 10 A g-1. The good performances were enabled and explained as that 

there were increased interlayer spacing, special structure and synergistic effects. Furthermore, there were a high energy 

density of 34.5 Wh kg-1 and a power density of 6800 W kg-1 in our experiments of asymmetric supercapacitor device. 

Keywords: CoNi binary hydroxides, Electrodeposition synthesis, High performance electrode material, precursor, 

Asymmetric supercapacitor device 
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Subphthalocyanines (SubPcs)[1-3], phthalocyanine analogues, are intriguing compounds made of three 

diiminoisoindoline units N-fused around a boron atom. Their 14 pi-electron aromatic core associated with their curved 

structures render them appealing building blocks for the construction of multicomponent photo- or electroactive 

assemblies. SubPc pi-systems can be also organized at supramolecular level and used and active elements in molecular 

photovoltaics, in both SHJ and BHJ. On the other hand, engineered phthalocyanines has been used as Hole-

Transporting Materials in Perovskite Solar Cells reaching Power Conversion Efficiency of 17.5% [3]. 

Keywords: Subphthalocyanines, Phthalocyanines, Solar Cells, Perovskites 
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We prepared organized mesoporous titanium nitride (om-TiN) films with large surface area, high porosity, and good 

interconnectivity on Ti substrates by nitration of TiO2 templated by an amphiphilic graft copolymer, poly(vinyl 

chloride)-graft-poly(oxyethylene methacrylate) (PVC-g-POEM). This resulted in a much higher specific capacitance 

compared with randomly organized TiN (ran-TiN) films. Large electrodes (15 cm15 cm) were successfully fabricated 

and their electrochemical performance did not change when bent. We also synthesized a highly ionic conductive 

amphiphilic nanostructured polymer electrolyte with good flexibility for solid-state flexible supercapacitors. It is based 

on a block-graft copolymer, i.e., poly(styrene-b-butadiene-b-styrene)-g-poly(oxyethylene methacrylate) (SBS-g-

POEM) synthesized via one-pot free-radical polymerization. A well-defined microphase-separated structure with good 

interconnectivity at the nanoscale was observed. The performance of supercapacitors based on the SBS-g-POEM 

electrolyte was much higher than that of the widely used conventional PVA/H3PO4 electrolyte. 

Keywords: supercapacitor, mesoporous TiN, Graft Copolymer, solid electrolyte. 
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Photoelectrochemical (PEC) water splitting system is one of the attractive energy harvesting methods due to the 

exhaustion of fossil energy problems. Water decomposition is suitable processes for ideally obtaining pure hydrogen 

for long term storage. For efficient PEC devices, a narrow band gap and chemical stability is one of the important 

factors. The search of photo-active materials with suitable band gap led us to research chalcopyrite compounds. 

Recently, many papers are reported about the physical properties of CuInSe2 and the feasibility of photovoltaics has 

been reported, and Cu-In-Ga-Se compounds show high solar energy conversion efficiency of 20.4 %. However, just 

fewer papers dealing with the physical properties of CuIn3Se5 have been reported for photoanode. In extension, our 

study presents a work relative to CuIn3Se5 which is n-type semiconductor. 

CuIn3Se5 is a suitable photo-absorption material for PEC water splitting system because of its adequate direct band 

gap of 1.3 eV, which can absorb a significant part of the solar spectrum. The holes excited into the valence band of 

CuIn3Se5 are energetic enough to be transferred to water for oxygen evolution. Nevertheless, CuIn3Se5 photo-anode 

has a critical limitation in terms of high PEC performance. The high performance of CuIn3Se5 based PEC cells has 

been limited because of secondary phases such as Cu2Se, and surface defect sites which cause a decline of charge 

transfer at the interface between electrolyte and surface. In addition, chemically unstable property in aqueous 

environments reduces the performance, despite their several advantages such as suitable band gap and band position.  

 
In this work, at first to enhance the photo-absorption and stability performance, we fabricated annealing process 

to synthesize the CuIn3Se5 compound. And then, we optimized the Al2O3 passivation layer growth process for 

improving the surface condition. Enhanced surface condition of CuIn3Se5 with Al2O3 passivation layer shows a high 

photo-absorption performance it because of suppressed the charge recombination on the surface, and good stability. 

A high photocurrent with only one photo-absorption layer CuIn3Se5 is highly significant result for PEC water 

splitting system. 
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Thin metal overlayers on foreign supports can exhibit very distinctive electrocatalytic activity with respect to bulk 

materials. The activitity of these systems are often linked to the so-called ligand and strain effects, which are rather 

difficult to dissentangle experimentally. In this contribution, we shall establish quantitative correlations between the 

electrocatalytic properties of thin Pd shells on Au cores and the effective Pd strain as probed by selected area electron 

diffraction. The electrocatalytic oxidation of adsorbed CO (COads) and HCOOH, as well as CO2 reduction are 

investigated employing differential electrochemical mass spectrometry (DEMS), on-line electrochemical mass 

spectrometry (OLEMS) and in-situ Fourier transform infrared (FTIR) spectroscopy. Increasing Pd shells from 1.3±0.1 

(CS1) to 9.9±1.1 nm (CS10) promotes an effective strain relaxation from 3.5 to less than 1%. In situ FTIR studies 

show that the mean COads coverage and oxidation mechanism at the Pd nanoshells is affected by electronic effects 

introduced by the Au core. In particular, the potential dependence of the CO stretching band (Stark slope) reveals that 

the orbital coupling of CO to Pd is weaker for thinner (strain) Pd shells. FTIR spectroscopy also reveals the presence 

of OHads,bands in the case of CS10, but not on CS1. This behaviour has important consequences in the oxidation of 

HCOOH, which occurs more readily at relaxed Pd shells (CS10). In the case of CO2 reduction, DEMS and OLEMS 

show a clear change in product selectivity from primarily CO at CS1 particles to HCOOH, CH4 and C2H6 at CS10 

nanostructures. DFT calculations are used to estimate the contributions of the so-called ligand and strain effects on 

the local density of states of the Pd d-band. The calculations confirm that the key parameters contributing to the change 

in mechanism is the effective lattice strain. 
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Nowadays one of the most important questions is to find alternative fuel that can supply running out conventional 

fossil fuels. Hydrogen can be found as alternative source of energy mainly due to high energy conversion efficiency, 

carbon free emission and ability to be produced from renewable sources. One of the ways to produce clean hydrogen 

is photoelectrochemical (PEC) water splitting where hydrogen and oxygen are produced directly from water under the 

solar energy. 

The Laboratory of Functional Materials at the Institute of Electronic Materials Technology, proposed the application 

of semiconducting eutectic materials as a photosensitive electrode materials for hydrogen production [1,2]. The use 

of eutectic materials is beneficial mainly due to: multiple band gaps, various possible eutectic composites, high 

crystallinity, sharp interfaces and possibility to adjust properties by: doping, annealing and etching. 

This work will show photoelectrochemical and photocatalytic results of two eutectic based materials: SrTiO3-TiO2 

and TiO2-WO3. Materials were fabricated by directional solidification using the micro-pulling-down method [3,4]. 

SrTiO3-TiO2 composite showed increasing photocurrent response during 30h long test and reaching 8.5 mA/cm2. The 

advantage of TiO2-WO3 composite is that it enables absorption of ultraviolet and visible light. Results show that 

eutectic materials can be competitive with analogous heterostructures. 

 

Keywords: Eutectic Materials, Photoelectrochemical Cell, Hydrogen Production, Photoanode. 
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Prussian blue analogues (PBAs) possess square opening structures and different redox states, which are beneficial for 

ions insertion/extraction for energy storage systems, while there are two problems. One is that the existence of mass 

crystal water (generally containing 1-14 H2O) in PBAs might damage the organic electrolyte system which is sensitive 

to the moisture and hence seriously hamper their application.1 Thus, the PBAs should be promising cathode materials 

for LIBs if minimizing the negative effect of crystal water. The other problem is the relatively low solubility product 

of PBAs that makes it difficult to be prepared into nanomaterials with high crystalline and good distribution, whereas 

nanomaterials can bring shorter the electron/Li+ transport distance and larger surface area for better capability for 

lithium storage. Although researchers have been focusing on exploiting facile strategies to obtain PBA nanomterials 

for many years, few positive results are obtained.2-5  

In this work, we develop a route to synthesize M-PBA nanocrystals by adopting M/graphene nanocomposites as 

precursors without the help of any surfactants. Amazingly, the prepared M-PBA nanocrystals have hollow structures, 

ultra small particle size (< 50 nm), and good spatial distribution on graphene nanosheets (GNS). Naturally, the 

PBA/GNS nanocomposites presented an excellent electrochemical performance for lithium storage. This work may 

offer a new avenue to exploit PBAs as promising cathode materials in the organic electrolyte LIB system. More 

importantly, this simple and green method without any surfactants and etching treatment by acid and alkali solution 

will be a great breakthrough on preparing hollow PBA nanomaterials, which will be attractive for various application 

fields including chemical catalysis, photonics, biomedical carriers, gas sensors, molecular magnets, and hydrogen 

storage media.  

 
Fig. 1 SEM images of M/GNS (A) and M-PBA/GNS (B). TEM image of M-PBA/GNS  
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We present the fabrication and characterization of two dimensional (2D) perovskites (PEA)2(MA)m-1PbmI3m+1 

(PEA=phenylethylammonium, MA=methylammonium, m=1,2,3) for application as light absorbers in solar cells. 

Films of 2D perovskite series show high stability under humid air, with band gaps decreasing with increasing m values, 

from 2.36 eV for (PEA)2PbI4 (m=1) to 1.94 eV for (PEA)2(MA)2Pb3I10 (m=3). Owning to the smaller bandgap, 

favourable vertical growth characteristics, and appropriate energy band structure of (PEA)2(MA)2Pb3I10, planer 

perovskite solar cells based on (PEA)2(MA)2Pb3I10 exhibit best cell performance. Incorporation of TiO2 nanorod arrays 

into (PEA)2(MA)2Pb3I7 based perovskite solar cells are further found to be useful in improving the cell performance, 

ascribing to the improved quality and coverage of the perovskite films, as well as the enhanced electronic contact 

between the perovskites and the electron transporting layer. By optimizing the TiO2 NR lengths, an efficiency of 

3.72% is obtained for (PEA)2(MA)2Pb3I10 perovskite cells with 600 nm-long TiO2NRs as scaffolds, which is more 

than a time higher than that of the planer analogue device. Our study to design 2D perovskite solar cells demonstrates 

the importance of material structure and device configuration for efficient solar cells, highlighting the validity of TiO2 

nanorods in functionalizing 2D perovskites for photovoltaic applications. 
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The primary mission of our program is to use renewable energy to convert feedstocks into higher value products.  One 

key theme within our laboratories is the development of (photo)electrocatalytic reactions that produce products with 

economic value.  This presentation will outline our proof-of-principle methodologies for mediating interfacial photo-

driven redox processes that produce chemicals people will actually pay for while using reaction conditions where 

breakdown of the active materials is avoided. This effort includes, but is not limited to, the conversion of CO2 into 

products at the high current densities needed for commercialization.  

 

Keywords: solar fuels, photochemistry, electrocatalysis.  
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Lead halide perovskite with the general formula of APbX3 where A is a monovalent cation such as Cs, 

methylammonium (MA), or formamidinium (FA), and X is a halide has attracted a lot of attention due to its superior 

optical and electrical properties. Also, the development of solar cells containing lead halide perovskite layer as a light 

absorber has accelerated in a short period, finally achieving the power conversion efficiency (PCE) of 22.1%. 

However, the toxicity issue for lead still remains unrevealed and limits the further practical commercialization of lead-

based perovskite solar cells (PSCs). As an alternative to lead, tin-based perovskite material is considered as the most 

promising candidate in terms of its device performance as well as its optical and electrical properties. Nevertheless, 

the instability of Sn2+ upon exposure to air is problematic point which causes the unwanted p-type doping in the 

perovskite film, thereby limiting the device performance and reproducibility. In this presentation, we will introduce 

strategies for highly efficient formamidinium tin halide PSCs via defect engineering. Our approaches effectively 

reduced defect concentrations and hence the background carrier density in perovskite film. The reduction of 

background carrier density suppressed charge recombination in device, which improves charge collection. 

Consequently, we successfully fabricated a formamidinium tin halide perovskite solar cells with the best PCE of 5.5% 

and high reproducibility. Surprisingly, the encapsulated devices showed a remarkable light-stability over 1000 hours 

under the continuous one sun illumination (humidity = ~25%, temperature = ~30 °C). 
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Organometal perovskites have exhibited considerable prospects as next generation photovoltaics due to its unique 

properties, including low cost, large carrier mobility, bipolar transport, long photo-generated carrier diffusion length 

and strong absorption in the visible range. With an indepth understanding of working mechanism, judicious design 

and controllable fabrication, the power conversion efficiency (PCE) of perovskite solar cells (PSCs) has skyrocketed 

from initial about 3.8% to 22.1% as certified in NREL (the National Renewable Energy Laboratory), exhibiting 

incredible momentum of development and potential value of application. Considering the cost and the stability of the 

PSCs, printable carbon counter electrode based hole-conductor-free PSCs have been proven to be one of the most 

promising photovoltaic devices. CH3NH3PbI3 (CH3NH3 abbreviated as MA hereafter) is the most commonly used 

perovskite material. Meanwhile, the mixed halide MAPb(I1-xClx)3 and MAPb(I1-xBrx)3 analogues by partial 

substitution with chlorine and bromine, which are supposed to be chemically stable in conjunction with humidity 

resistance, have also been widely investigated. Until now, benefited from the continuously tunable bandgap from 1.6 

eV to 2.3 eV with different incorporation ratio, the mixed-halide perovskite MAPbI3-xBrx is still one of the most 

promising candidates as the wide-bandgap light absorber in solar cells. In this study, the fabrication of carbon counter 

electrode based MAPbBrxI3-x perovskite solar cells is investigated. The energy band gap can be tuned by controlling 

the Br content in MAPbI3-xBrx(0≤x≤0.5). Under standard AM1.5G illumination, the current density (JSC) decreases 

from 21 mA cm-2 to 6.1 mA cm-2 with increasing x, whereas open circuit voltage (VOC) increases from 0.74 to 0.92 V. 

In addition to the significant improvement in VOC, a slight increase in the fill factor (FF) from 0.48 to 0.53 is also 

observed upon the incorporation of the Br ions. The reduction of JSC with increasing x is directly related with the blue-

shift of the absorption onset and the improvement of VOC is attributed to the widening of the band gap with increasing 

x in MAPbI3-xBrx. A highest PCE of 9.41% is achieved when the Br content (x) is set at 0.1. Our work paves the way 

for the realization of low-cost and high-performance photovoltaic devices. 
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Lithium-ion batteries have received significant attention because of its widely applied in electric vehicles and 

renewable energy storage owing to their high energy density, high rate capability, long cycle life as well as 

environmental compatibility. However, commercial graphite anodes can not satisfy the enormous demands of energy 

consumptions. Among all the potential anode materials for lithium-ion batteries, Fe3O4 have attracted most attention 

owing to its high theoretical capacity (926 mA h g-1), low cost, earth abundance and ecological friendliness. In this 

paper, novel structured Fe3O4/C composite nanofibers were successful fabricated by simple electrospinning method 

followed by a thermal treatment process, which were flexible electrode film without any current collector, binder and 

additional conductive agent. As a result, the novel structure Fe3O4/C composite nanofibers exhibited high specific 

capacity, rate capability and excellent cycling stability, which could be employed as an excellent flexible anode 

material for high-performance LIBs. 

In summary, The Fe3O4/C-N3-600 NFs have been successfully prepared by direct electrospinning and annealing 

process. FeOOH was incorporated into the PAN-based spinning solution, FeOOH/PAN nanofibers was obtained by 

electrospinning, and calcined at 600 ℃ in argon to obtained novel structured Fe3O4/C composite nanofibers. The 

composite material exhibits high capacity of 780 mA h g-1 is still remained after 150 cycles, stable cycle performance 

and excellent rate performance. 

Keywords: electrospinning, Fe3O4/C composite nanofibers, flexible anode material, lithium ion battery   
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Organic-inorganic ABX3 (A: MA, FA, Cs…; B: Pb, Sn …; X: halide) three-dimensional perovskite (3DP) received 

worldwide interest due to high extinction coefficient, free-carrier like exciton and long diffusion length up to 100 μm 

in single crystal, delivering over 22% efficiency in perovskite solar cell (PSC). However, the stability of 3DPs is a big 

challenging problem for commercialization. So far, the deposition of the highest-performing perovskite is generally 

based on approximately stoichiometric reaction between MAI/FAI (solid) and PbI2 (solid) through solution process. 

The completing coordination of dimethylformamide/dimethylsulfoxide (DMF/DMSO) solvents results in halide 

deficiency after solvent removal and permits the penetration of moisture to degrade the perovskite. In this report, we 

will present an alternative reaction route to avoid the halide vacancy and enhance the stability through coordination 

engineering. Besides, two-dimensional perovskites (2DPs) formulated as (R-NH3)2(A)n−1BnI3n+1 (R, alkyl; n=1,2,…) 

have much higher stability than 3DPs but its efficiency has only achieved a half due to degraded electronic properties. 

We will introduce the development of alternative synthetic methodology and interface engineering to reduce the trade-

off between efficiency and stability in 2DPs.1-6 
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Photochromic compounds have received special attention due to their potential applications for optical switching. 

Among the photochromic dyes including spiropyrans, diarylethens and azobenzenes, bisthienylethene derivatives are 

one of the most promising materials due to their high sensitivity, excellent fatigue resistance and thermal stability. 

Generally, bisthienylethene derivatives form six-membered ring via 6-pi electrocyclic reaction during irradiation with 

UV light, leading to change of absorption band and color.  The ring closed-form returns to open-form under visible 

light. On the other hands, with increasing interest in alternative energy, especially solar energy, dye-sensitized solar 

cells (DSSCs) have attracted research due to their high power conversion efficiency, low cost, and high semiconductor 

stability. In this study, we designed and synthesized bisthienylethene based donor-π-acceptor sensitizer in order to 

develop optical switching sensitizer for DSSCs. The synthesized compounds were characterized by 1H-NMR and 

MALDI-TOF mass spectroscopy. Also, photochromic properties of sensitizers were confirmed using UV-visible 

absorption spectroscopy. Furthermore, they were applied as photochromic sensitizer for DSSCs. 

Keywords: Photochromism, bisthienylethene, dye-sensitized solar cells. 

[1] S. N. IVANOV, B. V. LICHITSKII, A. A. DUDINOV, A. YU. MARTYNKIN, & M. M. KRAYUSHKIN. 2001. 

Synthesis of substituted 1,2,4-triazines based on 1,2-bis(2,5-dimethyl-3-thienyl)ethanedione. Chem. Heterocycl. 

Comp. 37, 85-90.  

 

 

Acceptance ID: URWB-P 

  



 

 396 

High Performance Electrochemical Capacitors Based on Conductive Two-

Dimensional Metal-Organic Frameworks  

Maria R. Lukatskaya and Zhenan Bao 

Department of Chemical Engineering, Stanford University, CA, 94305, USA 

 

As electronic technology advances, the need in safe and long-lasting energy storage devices that occupy minimum 

volume arises. Short charging times of several seconds to minutes, with energy densities comparable to those of 

batteries, can be achieved in electrochemical capacitors (supercapacitors), in particular pseudo-capacitors, which 

utilize fast redox reactions to store charge and, thus, feature high energy densities. However, metal oxides that are 

currently used in energy storage technologies have certain limitations. Due to low intrinsic electrical conductivity they 

might suffer from poor cyclability and deterioration of electrochemical performance for thick electrodes. As an 

alternative, conductive materials with build-in redox centers pose particular interest.  

Herein, we report on the new family of the conductive 2D porous metal organic frameworks and we investigated their 

potential for electrochemical capacitors. Our evaluation in a range of electrolytes demonstrated impressive gravimetric 

capacitance up to 400 F/g for scan rates above between 1 to 100 mVs-1. We also studied submillimeter thick pellets of 

MOFs which showed high volumetric capacitances up to 760 F cm−3 and high areal capacitances over 10 F cm−2. 

Furthermore, prepared MOF electrodes exhibited highly reversible redox behaviors and good cycling stability with a 

capacitance retention of 90% even after 12,000 cycles. This demonstrates that redox-active conductive MOFs can 

potentially outperform other traditional materials in energy storage applications.. 
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The use of alcohol in the biofuel industry is very important and it requires new sustainable materials to remove water 

from biofuel mixtures to improve quality. Miscanthus is a rich source of lignocellulosic biomass with a great potential 

for applications ranging from biofuel production to value-added biomass derived products. The rapid growth and low 

mineral content of Miscanthus contributes to its utility as an adsorbent biomaterial. In this research, the utility of 

Miscanthus and its modified forms were used for the fractionation of water (W) and ethanol (E) mixtures using an in 

situ analytical method, referred to as quantitative NMR (qNMR) spectroscopy. Therefore, raw and pretreated 

Miscanthus with variable biopolymer content (cellulose and lignins) and variable particle size were evaluated as 

sorbents in binary water-ethanol (W-E) mixtures. The pretreated Miscanthus was prepared by an acid and then an 

alkaline hydrolysis for the removal of hemicellulose and lignins, leading to cellulose enriched biomass. As a result, 

the raw and pretreated Miscanthus was characterized using IR spectroscopy, thermogravimetric analysis (TGA) and 

nitrogen adsorption-desorption isotherms. Isotherm results reveal preferential water uptake properties according to the 

relative biopolymer content, while the fractionation properties of Miscanthus and its biopolymer constituents display 

molecular selectivity (Rselectivity) between water and ethanol. The reusability of Miscanthus was shown to be 

regenerated over four adsorption-desorption cycles. This research contributes to a greater understanding of biopolymer 

components and pretreatment strategies for the biomass fractionation of binary W-E solvent systems relevant to 

beverage, food, and energy production. 
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Ultrathin Layered Hydroxide Cobalt Acetate Nanoplates Face-to-Face Anchored to 

Graphene Nanosheets for High-Efficiency Lithium Storage 

Liwei Su, Jinpei Hei, Lianbang Wang* 
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Zhejiang University of Technology, Hangzhou, P. R. China, 310014, E-mail: wanglb99@zjut.edu.cn) 

The dramatically increasing demand of high-energy lithium ion batteries requires advanced substitution for graphite-

based anodes urgently. According to the conversion mechanism, the theoretical capacities of transition metal oxides 

(TMOs) are 700-1000 mAh g-1, while most of them display much higher capacities, i.e., extra capacity phenomenon. 

Researchers found that the solid electrolyte interphase (SEI) components (such as Li2CO3, LiOH, LiAc) could 

decompose and regenerate reversibly under the catalysis of transition metal, accompanied by the storage and release 

of more lithium ions and electrons. According to this mechanism, after discharging process layered hydroxide cobalt 

acetates (LHCA) will transform into Co nanocrystal, LiOH and LiAc  which are similar with the SEI components. 

Concurrent with lithium ions insert, LiOH and LiAc might supply more capacity under the electrocatalyst of Co metal 

nanocrystals. 

   Inspired from the extra capacity of SEI films, herein LHCA (Co(Ac)0.48(OH)1.52·0.55H2O) are introduced as novel 

and high-efficiency anode materials. Furthermore, ultrathin LHCA nanoplates are face-to-face anchored on the surface 

of few-layered graphene nanosheets (GNS) through a facile solvothermal method to improve the electronic transport 

and avoid the agglomeration during repeated cycles. Profiting from the parallel structure, LHCA//GNS nanosheets 

exhibited ultrahigh long-term reversible capacity and extraordinary high-rate performance. At the current densities of 

1000 and 4000 mA g-1, the reversible capacities maintain ~1050 mAh g-1 after 200 cycles and ~780 mAh g-1 after 300 

cycles, respectively, much higher than the theoretical value of LHCA according to conversion mechanism. Fourier 

transform infrared spectoscopy confirmed the conversion from acetate to acetaldehyde after lithiation. A reasonable 

mechanism is proposed to elucidate the lithium storage behaviors referring to the electrocatalytic conversion of OH 

groups with Co0 metal nanocatalysts. This work can help us further understand the contribution of SEI components 

(especially LiOH and LiAc) to lithium storage. It is envisaged that layered transition metal hydroxides can be used as 

advanced materials for energy storage devices.  

 
Fig. 1 (a) SEM image and (b) cycling performances at 350 mA g-1 of LHCA//GNS hybrid nanosheets 
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Synthesis and Structural Characterization of Cadmium substituted Cobalt 

advanced nano-functional materials  by citrate-gel auto combustion method 
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ABSTRACT:  Advanced Nano-functional materials  having the chemical formula Co1-xCdxFe2O4 (where x=0.1, 0.2, 

0.3, 0.4, 0.5 and 0.6) were synthesized by the citrate-gel auto combustion method. Synthesized powders were sintered 

at 5000C for four hours in air and characterized by XRD, SEM, EDS, FTIR. X-ray diffraction (XRD) analysis showed 

cubic spinel structure of the ferrites and the values of lattice constant (a) and x-ray density (dx) increased with the 

increase of Cd content. The surface morphology of the samples was observed by scanning electron microscopy (SEM).  

An elemental composition of the sample has studied by Energy Dispersive Spectroscopy (EDS). The FTIR spectra 

shows the two significant absorption bands in the wave numbers range of 370-600 cm-1 arising due to the inter-atomic 

vibrations in the tetrahedral and octahedral coordination compounds. The observed results can be explained on the 

basis of composition. 

KEY WORDS:  Co-Cd advanced functional materials, citrate-gel auto combustion Technique, XRD, SEM, EDS, 

FTIR. 

Synthesis flow chart of citrate gel auto combustion technique: 
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The Effect of Buffer/Window Junction Properties on Cu(In,Ga)Se2 Thin Film Solar 

Cells with Window Layers Embedding Silver Nanowires 
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We investigate the effect of buffer/window junction properties on the performance of Cu(In,Ga)Se2 (CIGS) solar cells 

with silver nanowire based window layer. Silver nanowire based transparent conductors have been widely employed 

for thin films solar cells, and the nanowires are necessarily capped or embedded in a window matrix layer to ensure 

lateral charge-carrier collection [1]. Therefore, various alternative materials, processing methods and stacking 

structures have been reported for the matrix layer in CIGS thin film solar cells. However, studies of the effects of the 

buffer/window junction properties on the current-voltage characteristics of the solar cells has seldom been addressed. 

Here, we quantitatively and analytically investigate the effects of buffer/window junction properties on the energy 

band alignment and the current-voltage characteristics of CIGS thin film solar cells. Solution processes for the 

preparation of window layer often induce defect states at the buffer/window interface, which can result in poor energy 

band alignment, impeding carrier transport in the solar cells. On the basis of our analysis, we suggest an equation 

relating the interfacial defect density and carrier concentration in the window layer to avoid losses in the power 

conversion efficiency of the solar cells, even with a substantial number of interfacial defects .  

Keywords: CIGS, Silver nanowires, Buffer/window junction, interfacial defects 
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Asymmetric supercapacitor based on reduced graphene oxide and nickel-cobalt 

double hydroxide nanoneedles deposited on nickel foam 

Ni-Co double hydroxide (NCOH) was deposited onto nickel foam (NF) framework using a simple solvent thermal 

method, which showed unique nanoneedle array morphology. Electrochemical measurements were taken for 

evaluating the potential application of the thus prepared Ni-Co double hydroxide as an electrode for supercapacitor 

devices. According to electrochemical tests, the Ni-Co double hydroxide electrode exhibited an excited specific 

capacitance (1855 F.g-1 in the current density of 1.0 A.g-1) and good rate performance (53% capacitance retention 

when current density is increased to 10 A.g-1 ). The specific capacitance retention after 500 charge-discharge cycles 

is over 90%. An aqueous asymmetric supercapacitor (ASC) device named NCOH/NF // rGO/NF was composed using 

NCOH deposited on NF skeleton as positive electrode and reduced graphene oxide (rGO) deposited on NF skeleton 

as the negative electrode. The performance of the ASC device was investigated by cyclic voltammetry, galvanostatic 

charge-discharge and electrochemical impedance spectroscopy. The ASC exhibited a specific capacitance of 108.7 

F.g-1 at the current density of 2.5 A.g-1 in a potential range from 0 to 1.5 V, and gravimetric energy density of 30.4 

Wh.kg-1 at power density of 1875 W.kg-1 and 14.1 Wh.kg-1 at 37.5 kW.kg-1. Moreover, the NCOH/NF // rGO/NF had 

an outstanding cycling stability (almost no capacitance loss after 3000 cycles), which made this device a good 

candidate for electrochemical energy storage devices. 
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Molecular Self-Assembly on Two-Dimensional Atomic Crystals 

 

Organic molecular self-assembly on two-dimensional (2D) materials has wide potential applications, such as 

passivation layers, organic electronics, photonic devices, solar cells, and graphene-based devices, while understanding 

the dynamic mechanism of the self-assembly falls far behind its application. Therefore, it is crucial and urgent to 

understand the physical mechanisms on the self-assembly. Via molecular dynamics simulation, we successfully 

visualize the nanoscale self-assembly of organic molecules on graphene and boron nitride monolayer from a 

disordered state to an ordered structure.1,2 On the basis, we reveal that the intermolecular hydrogen-bonds play a key 

and positive role in the self-assembly.3 They can significantly broaden the nucleation area, raise the stability-

metastability critical temperature, accelerate the nucleation process, and guide the nucleation direction.3 Moreover, 

we propose an effective passivation approach, self-assembly of organic molecules on black phosphorus (BP), to 

protect BP from the degradation without breaking the original electronic properties of BP.4 

 

1. Zhao, Y.; Wu, Q.; Chen, Q., Wang, J. Molecular Self-Assembly on Two- Dimensional Atomic Crystals: Insights from 

Molecular Dynamics Simulations. J. Phys. Chem. Lett. 2015, 6, 4518-4524. 
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B.; Wang X. Precise, Self-Limited Epitaxy of Ultrathin Organic Semiconductors and Heterojunctions Tailored by van der 

Waals Interactions. Nano Lett. 2016, 16, 3754-3759. (Co-first author) 
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van der Waals Epitaxy. Adv. Mater. 2016, DOI: 10.1002/adma.201603990. 
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In the 21st century the quest for clean energy and future sustainability have motivated vigorous research efforts in low 

temperature fuel cell technology. Among the promising fuels, small organic molecules like alcohols, have received 

immense importance due to their much simpler peripheral units for fuel delivery and storage infrastructures compared 

to H2-O2 fuel cells. In fact the direct ethanol fuel cell (DEFC) is featured with high volumetric and gravimetric energy 

densities and reasonable energy efficiency. Further, bio-ethanol can be obtained in large quantities by fermentation of 

sugar containing agricultural raw materials and has significant advantage of being nearly CO2 neutral. There is 

however stringent catalyst requirement for the C-2 molecule which has prompted challenging tasks for developing 

mixed metallic nano structures, with reduced Pt loading, capable of minimizing activation loses, maximizing exchange 

current density of the electrode kinetics and providing effective way for exploring the catalyst due to their multiple 

reaction sites. The carbon as support materials has also several constrains like poor corrosion resistance, insufficient 

proton conductivity and agglomerated growth of NPs that prevents the electrolyte to be fully accessed, thereby limiting 

the specific catalytic performance in acid or alkali media. Such critical conditions have triggered various attempts for 

developing catalyst-support formulation befitting to the ambient environment in a DEFC operating below 100°C. 

Investigation on support flexibility includes the use of ceramic oxide, transition metal oxide and also polymeric 

materials.  In view of the above, this article presents some of the novel attempts of designing hybrid structure 

constituting multimetalic catalyst nano-particles(NPs) embedded on transition metal oxide- conducting polymer 

composite substrate for the study of electro-oxidation of ethanol in acid/alkali environment. As the initial approach 

chemically prepared MoO3-polypyrrole composite support was decorated with alloyed PtPd NPs via NaBH4 reduction 

of the respective precursors. The collective information obtained from the physico-chemical and electrochemical 

studies in acid media indicates the intervention of molybdenum oxide network in the ethanol oxidation reaction 

sequence which increases the propensity of the reaction by making the metallites more energy efficient in terms of 

harnessing sufficient numbers of electrons than with the carbon support. The second attempt involves electro-catalysis 

in alkaline environment involving WO3-poly-N-vinyl carbazole, designed with PtPd NPs, which increases the 

functional behavior of the DEFC in operating condition with good CO tolerance and eventually reduces the cost of 

the catalyst, at the same time eliminate the typical involvement of graphitic carbon in DEFC. 

Keywords: Transition metal oxide, conducting polymer, PtPd nano-particles, electro-catalysis, direct ethanol fuel cell. 
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Highly efficient electrocatalysts are vital to meet the energy and environmental challenges. 1Although numerous 

nonprecious-metal or metal-free carbon-based catalysts have been demonstrated to entirely or partially replace noble-

metal-based electrocatalysis, the absence of precise design and predictable process hindered the development.2 Well-

defined 2D Covalent Organic Polymers (COPs)3 as a new exciting type of electrocatalyst presented superior potentials 

with precisely controllable capacities, such as robust tailoring heteroatom incorporation and location of active sites. 

Here we demonstrate the possibilities and potential of the well-defined 2D COPs used as highly efficient energy 

electrocatalysts for clean and renewable energy technologies.4 COP materials as a new family of electrocatalysts offer 

practical possibilities to study the structure, mechanism and kinetics of energy electrocatalysis and may lead to a 

possible solution for energy and environmental issues. 

 

Fig. 1 Hypothetic network fragments for colorful 2D COPs  

Keywords: Oxygen reduction reaction, metal organic frameworks, covalent organic framework, hydrogen evolution 

reaction   
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A novel supercritical fluid impinging technology (SFIT) has been developed to coat microparticles. Amoxicillin is 

chosen as the core particle and polyethylene glycol (PEG) as the coating material. In order to evaluate the 

microcapsules, the scanning electronic microscopy (SEM) is used to observe the morphologies of the microcapsules, 

differential scanning calorimetry (DSC) is used to examine the coating integrality, the ultraviolet and visible 

spectrophotometer (UV-Vis) is used to measure microcapsules release degrees, and laser particle size analyzer (LPSA) 

is used to measure the microcapsule size and size distribution. During the studies, the effects of operation conditions, 

such as the pressure of the mixing vessel, the temperature of the mixing vessel and the impinging distance on the 

microcapsule size and distribution in addition the encapsulation efficiency are investigated. Most of microcapsules 

which range between 7.80 µm and 9.70 µm are spherical and are encapsulated completely. Meanwhile, the 

microcapsules release slower than raw drug and achieve the purpose of controlled release. Both of the pressure and 

the impinging distance have significant affection on the encapsulation efficiency, microcapsule size and distribution. 

Therefore, SFIT is a promising method to produce microcapsules with relatively small microcapsule size and narrow 

size distribution. In addition, it is particularly suits to coat sensitive pharmaceuticals. 

Keywords: Supercritical fluid; Impinging; Microcapsule; Amoxicillin; PEG 
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Drug-conjugated gold nanoparticles and their hybrid liposomes. 

Gold nanoparticles (GNPs) attract widely attentions in biomedicine, especially for drug delivery and sensing. For the 

application of drug delivery, their advantages include controllable shape and size, functional diversity via the surface 

modification, and the cytotoxicity, Biodistribution and in vivo excretion properties modulated by regulating the 

particle size and surface functionality. Drug-conjugated gold nanoparticles (drug@GNPs), connecting drug molecules 

such as Tiopronin, Paclitaxel (PTX), and Doxorubicin on the surface of GNPs via covalent bonds, are promising drug 

delivery systems for the tumor treatment. They can be used as a core-crosslinked prodrug in the scale of nanometer. 

In these system, many drug molecules (usually more than 100 drug molecules per particle) are connected on gold 

surface, leading to a high drug concentration in a small volume. The rational design of spacer and covalent linkage 

between drug molecule and GNP ensures a high stability of systems in the circulation and stimuli-responsive release 

at the target site. In addition, to avoid the protein adsorption and subsequent opsonization in vivo, drug@GNPs can 

be encapsulated in other organic carriers, such as liposomes. The enhanced longevity and liver targetability of drug in 

this system are found. To further improve the antitumor efficacy of drug loaded in this liposome-encapsulating 

drug@GNP system, gold conjugate-based liposomes with a hybrid cluster bomb structure are developed by simply 

mixing PTX liposomes and PTX@GNP-loaded liposomes for the liver cancer therapy. Its unique multi-order drug 

release property provides a more accurate site- and time-release mode for tumor treatment using antitumor drugs. 
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Using double emulsion as template to prepare porous micro-devices is a technique that has been intensively studied 

over decades. However, there’s a lack of attention on the instability of template double emulsion based on organic 

solvent that can cause significant drug loss and lead to change in the internal structure of the micro-devices . 

In this study, both theoretical and experimental approaches have been developed to investigate the destabilization of 

w/o/w emulsions in the double emulsion solvent evaporation techniques used for drug encapsulation. Since water 

exchange between different water phases induces double emulsion destabilization, math model based on Fick’s law 

was developed to describe the water exchange rate between internal and external aqueous phases:  

                 )(),(),(4
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   (1) 

where 𝑐(∞, 𝑇) is the bulk solubility of water in oil phase at temperature T; 𝐷(𝑐, 𝑇) is the diffusivity of water molecules 

in oil phase at a polymer concentration of c and temperature of T; 𝑥01 and 𝑥02 are the initial molar concentrations of 

the drug in internal and external aqueous phases; 𝑟0 is the initial radius of internal water droplets and 𝑟 is radius of the 

water droplets over time. Equation (1) successfully emphasize the influence of solvent type on double emulsion 

destabilization, considering that solubility of water in organic solvent can be larger than non-solvent by many orders. 

Accordingly, experiments were conducted to investigate the influence of the above mentioned factors on the double 

emulsion destabilization using the drug initially added in the internal aqueous phase as tracer. Instability was 

characterized by tracer loss rate after the 2nd emulsification process. 

Theoretical and experimental results show that 1) swelling of the oil globules due to water exchange between internal 

and external water phases and subsequently the rapture of oil film play an determinate role in the destabilization of 

double emulsion and drug loss; 2) in line with the theoretical analysis, experiments showed that factors such as oil 

type, original solute molar concentrations in internal and external aqueous phases, initial radius of internal water 

droplets, polymer concentration in oil phase and temperature all exert considerable influence on drug loss rate. 

Further study showed that different internal structures, i.e., single-and multi-compartment (Fig. 1), can be tailored by 

adjusting water exchange rate from the aforementioned factors. 
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(a)                        (b)                        (c) 

Fig. 1 Various internal structures of micro-devices prepared from w/o/w emulsion templates : (a) single-compartment; 

(b) multi-compartment; (c) SEM image of multi- compartiment microcapsule section. 

Keywords: Double emulsion, water exchange, destabilization, polymer micro-device, math model 
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Tubulin-based fusion proteins as multifunctional intracellular tools 

Microtubules play a critical role in the cytoskeleton by providing motility and transport alongside integrity to the 

eukaryotic cell1. These polymeric structures exist primarily as heterodimers comprised of α/β-tubulin. β-tubulin 

(TUBB), in particular, serves as a binding site for all drugs known to disrupt microtubule activity2. With the emergence 

of synthetic biology as a discipline, recent strategies have focused on technologies capable of modulating biological 

systems in a controlled and precise manner. The MacKay laboratory specifically employs protein polymers known as 

elastin-like polypeptides (ELPs) for use in intracellular modulation. These fusion proteins effectively undergo a rapid 

yet reversible self-assembly in response to alterations in temperature. The genetically-encoded nature and recombinant 

biosynthesis of ELPs further afford precise control over nanoparticle architecture, resulting in nanomedicines suited 

for the expression of biological moieties as fusion proteins. In addition, our group was the first to discover that these 

ELP fusions can influence macromolecular targets— intracellular switching— once expressed in living cells3. We 

now report that this platform technology has been further harnessed by exploring bioengineered TUBB-ELP fusions 

as multifunctional tools which can reversibly regulate the incorporation of β-tubulin into polymerizing microtubules 

akin to an on/off switch. Our work therefore pioneers a novel strategy allowing researchers to exert spatio-temporal 

control over microtubule assembly and mitosis via thermoregulation. In summary, ELPs can effectively generate 

multifunctional, tubulin-based tools that can be employed to elucidate basic microtubule dynamics in addition to 

serving as nanomedicines for therapeutic applications in the future. 

1. Jordan MA, Wilson L (2004) Microtubules as a target for anticancer drugs. Nat Rev Cancer 4(4):253-65 

 2. Perez EA (2009) Microtubule inhibitors: Differentiating tubulin-inhibiting agents based on mechanisms of action, 

clinical activity, and resistance. Molecular Cancer Therapeutics 8(8):2086-95 

3. Pastuszka MK, Janib SM, Weitzhandler I, Okamoto CT, Hamm-Alvarez S, MacKay JA (2012) A Tunable and 

Reversible Platform for the Intracellular Formation of Genetically Engineered Protein Microdomains. 

Biomacromolecules 13(11):3439-44 
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pH-responsive polymeric materials are important for the controlled drug delivery, sensing, biomedical applications. 

Here, we synthesized cyclic oligosaccharide derivatives which can accept or release protons depending upon 

environmental pH. In the first approach, cyclosophoraoses (CyS), β-1,2 linked cyclic glucans with glucopyranose 

units ranging from 17 to 23, were modified with carboxymethyl(CM) groups, and the pH-dependent complexation of 

CM CyS with pindolol was investigated. Since CyS have a characteristic flexible conformation, the CM substitution 

mayinduce structural collapse or stretching on the CyS backbone by the electrostatic attraction or repulsion. Pindolol, 

a β-adrenoceptor antagonist, has a hydrophobic nature at high pH (pKa = 9.4), and CM CyS can solubilize efficiently 

pindolol in the high alkaline solution. The formation of the CM-Cys/pindolol complex was analyzed by UV 

spectroscopy, nuclear magnetic resonance (NMR), Fourier transform infrared (FT-IR) spectroscopy, differential 

scanning calorimetry (DSC), x-ray diffractometry (XRD), and scanning electron microscopy (SEM) techniques. In 

the second approach, β-cyclodextrin (β-CD) was derivatized with amino acids and dimerized. The resulting structure 

is also utilized as a novel pH responsive molecular capturer for target molecules.Based on this study, stimuli 

responsive carbohydrate based molecular capturer can be developed and improved for the research field of 

environmental biosensors, functional biomaterials, and drug delivery system.  

Keywords: pH responsive, Molecular capturer, Cyclosophoraoses, β-Cyclodextrin,Carboxymethyl group 
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Recently, there have been a growing interest in electrochemical investigation of interaction between drugs and dsDNA 

[1]. Electrochemical DNA biosensors involve a nucleic acid recognition layer which is immobilized over an 

electrochemical transducer. The recognition layer detects the changes that occurred in the DNA structure during 

interaction with DNA-drug molecules [2]. So, the study on the binding mode of drugs and dsDNA plays an important 

role in understanding of their clinical activities and design of new targeted drugs [3]. Prednisone is a synthetic 

corticosteroids usually prescribed in the treatment of a wide variety of inflammatory diseases such as asthma, 

rheumatoid arthritis, various kidney diseases including nephritic syndrome, allergies and cluster headache [4]. 

In this study, poly(glyoxal-bis(2-hydroxyanil)) (P(GBHA)) modified GCE (GCE/P(GBHA)) was prepared and this 

electrode was used for the electrochemical monitoring of interaction between the dsDNA and prednisone for the first 

time. The P(P GBHA film was characterized by scanning electron microscopy (SEM) and X-ray photoelectron 

spectroscopy (XPS) techniques. The GCE/P(GBHA)/dsDNA electrode was prepared by adsorption of dsDNA upon 

the P(GBHA) deposited the GCE and the binding of prednisone with dsDNA was investigated via differential pulse 

voltammetry (DPV) method. The decrease in the guanine oxidation peak current at +0.8 V was used as an indicator 

for the interaction in 0.5 M acetate buffer (pH 4.8) containing 0.02 M NaCl. The experimental parameters such as 

dsDNA concentration, drug concentration, adsorption time, interaction time were optimized. Under the optimal 

conditions, the guanine oxidation peak currents were linearly proportional to the concentrations of prednisone in the 

range of 1-50 mg/L. The prepared biosensor was applied to validate its capability for the analysis of prednisone in 

serum samples and pharmaceutical formulations. 

Keywords: dsDNA, prednisone, poly(glyoxal-bis(2-hydroxyanil)), biosensor. 
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Rheumatoid arthritis (RA), a common chronic systemic autoimmunological disease, is characterized by infiltration of 

inflammatory cells into the granuloma-like pannus and the joint fluid, cartilage destruction and bone erosion. Recently, 

the early diagnosis of RA is an important in RA treatment. More recently, new imaging techniques such as nuclear 

medicine (single photon emission computed tomography and positron emission Tomography) and optical imaging 

have been proposed with results that can envisage a potential impact in the clinical management of RA. Optical 

imaging using nonspecific probes provide quick and easy operated multijoint monitoring of hands and feet. We have 

developed arginine-glycine-aspartic acid (RGD)-attached gold (Au) half-shell nanoparticles containing methotrexate 

(MTX) for the treatment of RA, where MTX is the most widely used disease modifying anti-rheumatic drug for the 

treatment of RA, and RGD peptide is a targeting moiety for inflammation. Upon near-infrared (NIR) irradiation, heat 

is locally generated due to Au half shells, and the drug release rate is enhanced, delivering heat and drug to the inflamed 

joints simultaneously. RA is a chronic inflammatory disease characterized by synovial inflammation in multiple joints 

within the penetration depth of NIR light. Furthermore, these multifunctional nanoparticles could be applied to early 

diagnosis of RA or other inflammatory diseases. 
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In the present study, we have designed the biomolecule-polydiacetylene (PDA) combinatorial platforms that the 

molecular recognition can be selectively visualized. Molecular recognition plays a key role in biological systems as a 

concept of supramolecular chemistry. PDA, the alternating ene-yne molecule, can induce a blue-to-red color transition 

and an interesting fluorescent response through the distortion of backbone. In the first approach, using 

polydiacetylenyl β-cyclodextrin (β-CD) based smart vesicles, the selective visualization of arginine and lysine has 

been explored among twenty amino acids. Secondly, usingsuccinoglycan octasaccharide (SO) serving as a metal 

coordination ligand, SO functionalized PDA vesicle is fabricated and investigated for color and fluorescence changes 

targeting nine different metal ions. Furthermore, alginate beads with embedded SO functionalized PDA vesicles are 

developed and evaluated as the tangible fluorogenic sensor system for barium (II) ions. Lastly, antibody (AB) is 

functionalized onto PDA for the specific recognition with influenza virus antigen, and the resulting AB PDA is 

materialized to PVDF strips. These biomolecule-conjugated functional materials will be developed consistently for 

the field of biomedical applications, functional biomaterials, and biosensors. 

Keywords: Biomolecule,Polydiacetylene, Functionalization, Molecular recognition, Visualization 
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Background: In vertebrates, the blood-brain barrier (BBB) is a dynamic barrier and is universally considered as the 

most important barrier for maintaining the brain homeostasis and protects the brain from toxic substances and invading 

organisms. Glucose transporter 1 (Glut1) is highly concentrated in BBB. Glut1 is unique in mediating glucose transfer 

across the BBB. Such observations led us to hypothesize that Glut1 may have a significant effect in the development 

of the junctional complexes of the BBB. Hence designing appropriate ligands that can achieve the targeting to BBB 

can be a promising technology.  

Purpose: Glucosamine (GlcN) is structurally homologous to glucose and have been shown to bind to Glut1 

transporters. Liposomes exhibit advantage of surface modification and easy uptake by cells however hydrophilicity 

of glucosamine exhibit hurdle in surface coating of liposomes. Here we synthesized a lipid based GlcN derivative for 

Glut1 targeting and validated its efficiency in delivery across BBB.  

Method: To analyze the receptor binding potential, molecular flexible, in silico docking studies were performed by 

the grid-based ligand docking with energies (Glide). Activation of Glucosamine by N-hydroxy succinimide (NHS) 

and subsequent coupling with stearic acid by EDC-HCl to yield stearic acid derivative of glucosamine (SAD-GlcN). 

In vitro characterization of SAD-GlcN involved 1HNMR, FTIR, MS, DSC. Afterwards liposome was prepared by 

ethanol injection technique and SAD-GlcN was incorporated during process. Once in vitro haemolysis study was 

executed, the systematic toxicity of SAD-GLcN was evaluated in healthy Balb/c mice after intravenous injection. 

Efficiency was validated with cytotoxicity study, cell uptake study and in vivo in glioma bearing nude mice models.  

Results: The yield of reaction was 90% and in vitro uptake was tested in human glioma cell lines, U87MG and SF-

268. Cells treated with coumarin-6-labeled and SAD-GlcN coated liposome exhibited higher fluorescence intensity 

than that of uncoated liposomes, suggesting that glucosylation on particle surface could evidently facilitate the uptake 

of liposomes.  

 

Figure 1: Docking analysis of D-Glucose and SAD-GlcN respectively. 
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Fig2: (A) Mass spectra of SAD-GlcN, (B) (left to right): in vitro haemolysis study of positive control, SAD-GlcN coated, uncoated 

liposome and negative control respectively. 

Conclusion: Successful synthesis of Glucosamine based targeting ligand and validation of its efficiency in delivery 

across challenging barrier like blood brain barrier. Further studies will be done to evaluate biodistribution.   

Keywords: Glucosamine, lipid derivative, targeting, exigent, biological barrier.  
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A Facile, One Step, Microwave Assisted Hydro Thermal Synthesis and 

Characterization of NaGdF4: Yb, Er, Tm White Upconversion Nanocrystals 

NaGdF4 nanocrystals co-doped with Yb, Er, Tm and stabilized with oleic acid are synthesized via microwave assisted 

hydrothermal method. This synthesis method is simple, one step and takes only 15 minutes to synthesize the 

nanocrystals. The synthesized nanocrystals give upconversion (UC) emission when excited with 980 nm CW laser. 

The white UC emission was achieved by fine tuning the ratio of lanthanide ion dopants (Yb, Er and Tm). The CIE co-

ordinates (CIE-X = 0.33) and CIE-Y = 0.35) of UC emission are close to standard white light CIE co-ordinates (CIE-

X = 0.33) and CIE-Y = 0.33). X-ray diffraction (XRD), field emission – transmission electron microscope (FE-TEM), 

fourier transform infrared spectroscopy (FT-IR) and photoluminescence (PL) spectroscopy are used characterize the 

synthesized UC nanocrystals. These UC nanocrystals have emission peaks at different wavelengths, which can be 

utilized in sensing applications like ratio metric based sensing and multiplexed sensing applications. These UC 

nanocrystals are also good candidates for bioimaging applications because of 980 nm excitation, which reduces the 

auto fluorescence from the tissues. 

Acceptance ID: 6PF9-O 

  



 

 421 

Graphene-gold nanocomposites for highly sensitive electrochemical detection of 

E.coli and S. aureus in less than an hour. 

Vedashree Sirdeshmukh1, Shreeram Joglekar2, Prashant Alegaonkar2, Preeti Nigam3, Anup 

Kale*. 

1Department of Applied Sciences, College of Engineering, Pune – 411005, India, 
2Department of Biosciences, Defence Institute of Advanced Technology, Pune – 411025, India, 

3National Chemical Laboratory, Pune-411008, India 

 

The improved diagnostic screening has become essential for detection and prevention of bacterial infections. The 

selection of an appropriate test or tool depends on the sensitivity, reliability, reproducibility, the time of detection and 

the specificity of the method involved. The conventional methods like culturing technique, ELISA and PCR based 

methods are time consuming and do not offer high sensitivity required for the detection at early stage or at very low 

levels. The electrochemical detection methods are rapid and capable of offering Point-Of-Care diagnosis. Recently, 

graphene based materials have emerged as most promising nanomaterials for electrochemical analysis. In order to 

achieve higher sensitivity, we synthesized functionalized reduced Graphene Oxide/gold (rGO-AuNP) nanocomposites 

and studied their significance over rGO and AuNP alone as detection platform. Electron microscopy revealed the 

uniform distribution of gold nanoparticles on rGO templates. It was a 3 step detection method: in the first step Screen 

Printed Electrode (SCE) was modified with rGO-AuNP; the second step was conjugation of specific antibodies on the 

modified electrode for the pathogenic strains of E.coli and S. aureus using carbodiimide chemistry, the third step was 

the detection of pathogens Differential Pulse Voltametry (DPV) method. The results showed that rGO-AuNP 

nanocomposites offer 2-4 fold higher sensitivity over rGO and AuNP alone. Importantly, the antibody conjugated 

bioactive SCE were stable for one month leading to carry out only third step at the time of detection. This offered 

rapid detection of pathogens, in less than an hour. The Limit of detection (LOD) was 2 CFU/mL for both E.coli and 

S. aureus making it highly sensitive. The physicochemical characterization of nanocomposites suggest that the 

improved sensitivity and stability was due to reduced band gap in composites and uniform distribution on AuNPs on 

rGO nanotempletes.  
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Microwave (MW) ablation, which transfers the energy of MW to heat and effectively treat tumors, is widely applied 

to clinical use in China and Japan. However, the high temperature during MW ablation may cause severe normal tissue 

damage and unbearable pain. It is high desirable to develop new strategy to enhance the tumor specificity for 

microwave by both increasing ablation area in tumor and decreasing heating effect in normal tissues. This work 

synthesizes a novel multifunctional drug loading system based on double-shelled hollow ZrO2 nanoparticles (ionic 

liquids/doxorubicin/phase change materials, IL/DOX/PCM@D-ZrO2 NPs). Due to cooperative action of inner self-

reflection and spatial confinement effect, the special double-shelled hollow nanostructure can improve the microwave 

hyperthermia sensitivity property under microwave irradiation. This multifunctional drug loading system could 

effectively increase the ablation temperature and ablation area to kill tumor cells and inhibit the proliferation of cancer 

with the help of anti-cancer drug DOX. In vivo experiments indicate that the as-made IL/DOX/PCM@D-ZrO2 NPs 

exhibited perfect combined therapy effect of chemo and microwave hyperthermia on superficial tumors using H22 

tumor-bearing mice model. Dual source CT is used to monitor the metabolism behavior of the as-made D-ZrO2 NPs. 

Frozen section examination and ICP results indicates the temperature rise during microwave will enhance the tumor 

selectivity of drug delivery and cytotoxicity for chemotherapy. 

Keywords: Double shelled, Hollow, ZrO2, Microwave Thermotherapy, CT imaging 
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Osteoporosis is an asymptomatic disease that leads to bone fragility and high risk of fracture with the bone mineral 

density loses and bone microarchitecture disrupts. Among therapies of Osteoporosis and osteodynia, Salmon 

Calcitonin (sCT) is a highly effective treatment for inhibiting bone resorption and decreasing 

blood calcium concentration. However, sCT is a functional peptide, which has a short half-life less than 1 h. So 

frequent injection was used for long-term therapy of osteoporosis in clinic. Here we report oxidized calcium alginate-

salmon calcitonin (OCA-sCT) loaded tri-copolymer (PLGA-PEG-PLGA) hydrogel for long-term release. The 

polymer/water system exhibited a sol-gel transition at about 34 °C. Both the hydrogel degradation and decomposition 

of OCA-sCT complex play important roles in the process of sCT release. The system prolonged the release of sCT 

(~30 days) and reconstructed the bone trabecula in glucocorticoid induced model of SD rats. It also confirmed that the 

conformation of sCT was protected from aggregation during the entire release process. These preliminary results 

indicate that the injectable and thermoreversible in situ gelling systems have substantial potential for controlled 

peptide/protein drug delivery. 

 Keywords: Controlled release, peptide drug, salmon calcitonin, thermositive hydrogel, osteoporosis.  

 

Scheme 1. Illustration of thermosensitive hydrogel for the controlled release of salmon calcitonin for  anti-osteopenia 

treatment. (A) Amphiphilic PLGA-PEG-PLGA triblock copolymers self-assemble into micelles in sCT-OCA mixed 

solution at 20 oC and turning into a physical hydrogel at 37 oC. (B) The polymer formulation subcutaneously injection 

into the rats of MPA induced osteopenia. (C) After hydrogel degradation, sustained released sCT for osteopenia 

thearpy evaluated by Micro-CT images of trabecular thickness 3D reconstruction. 
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Hydroxyapatite Nanoparticles as fluorescent probes for bio-imaging and gene 

delivery applications 
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Bio-imaging has drastically transformed the field of medicine, and made the process of diagnosis easy and fast. 

Visualization of complete organ to complex biological processes has now become possible. Among the various 

imaging processes, fluorescence imaging using non-toxic fluorescent nanomaterials is advantageous for several 

beneficial features including high sensitivity, minimal invasiveness and safe detection limit. In this study, we report 

synthesis of a new class of non-toxic, self-activated fluorescent hydroxyapatite nanoparticles (fHAp NPs) with various 

aspect ratios (thin-rods, short-rods, rods), by changing the stabilizing agents (triethyl amine and acetyl acetone) and 

solvents (water and dimethyl sulfoxide). fHAp NPs exhibit excellent fluorescence with broad emission spectrum 

ranging from 350-750nm and maximum at 502nm. Presence of fluorescence is attributed to the electronic transition 

in the asymmetric structure of fHAp NPs as confirmed by ESR spectroscopy and absence of fluorescence in symmetric 

HAp NPs. In addition to exceptional fluorescence behavior, these NPs were found to be non-toxic in nature and could 

be easily internalized in both prokaryotic and eukaryotic systems. Results on the development of a one step method 

for transformation of Gram-positive and Gram-negative bacteria using these functionalized HAp NPs will be 

discussed.  These HAp NPs are proposed as potential biocompatible candidates for bio-imaging and gene delivery 

applications. 
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The precise manipulation of cell signaling is one of the main challenges for understanding biological systems as well 

as biomedicine development. Our lab has recently discovered that thermally responsive protein polymers, elastin-like 

polypeptides (ELPs), are powerful tools to achieve assembly of expressed fusion proteins within living cells,[1,2] Using 

this method, we generated a rapid and reversible protein switch that controls epidermal growth factor receptor (EGFR) 

activity in response to temperature changes. In the absence of EGF, fusion of an ELP to the cytosolic domain of EGFR 

triggers temperature-dependent clustering of EGFR and therefore initiates downstream events including signal 

activation and receptor internalization. Unlike synthetic ligands[3] or genetic perturbations[4], ELP-mediated receptor 

clustering can be thermally turned ON and OFF with a resolution of minutes and its reversibility enables dynamic 

control of downstream activation of ERK1/2. This rational strategy to engineer temperature-sensitive receptors may 

be a powerful platform to analyze and manipulate cell signals, with potentially broad applicability to other biological 

processes. 

Keywords: environmentally-responsive polypeptide, elastin-like polypeptides, cell signaling, synthetic biology, ERK 

dynamics 
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BIOACTIVE MOLECULES INCORPORATED GELATINE SPHEARS AS A 

MODE OF SUSTAINED DRUG RELEASE FOR THERAPEUTIC 

APPLICATION 

Vitamins, minerals and nutritional supplements are micronutrients that benefit the body to boast up the immune system 

and repair DNA. Nutritional supplements derived from foods and herbs have shown biologic effects, with some 

potential in clinical trials for various diseases. Advantage in using these approaches are safe symptom relief and  joint 

remodeling in osteoarthritis. Forty seven percent of adults utilize non prescribed medications for OA including 

nutritional supplements, such as phytoflavonoids, polyphenols, and bioflavonoids which are natural compound found 

in trees, spices, wines and vegetables based on their their anti-inflammatory and anti-catabolic actions, and protective 

effects against oxidative stress. We have used Retinoic acid which is a metabolite of retinol that mediated basic 

function of growth and development which is well known to have diverse immunomodulatory actions. Role of all 

trans retinoic acid have been investigated on mice model where retinoic acid have shown their anti-arthritic effect 

suppressing the clinical signs of arthritis. So here in our work we have tried to encapsulate the retinoic acid molecule 

inside the gelatin spheres and then further embedded this in the scaffold. Trying to achieve the tissue engineering 

construct that covers the basic components of tissue engineering i.e. scaffold, chondrocytes, bioactive factors. After 

synthesis the invitro release profile was studied and then further all delivery modes synthesized were studied by MTT, 

SEM, GAG, Collagen assay. In this study we have shown a steady release of GAG and Collagen matrices which have 

been proved to be beneficial treating arthritis. 
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Enzymatic inhibition assays are essential in assessing the potency of a novel inhibitor. Along with in vitro cell-line 

and in vivo animal based experiments, it provides a clue as to which inhibitors may succeed in clinical trials. Inhibitors 

of cathepsin L have been continuously developed and exhibited suppression of tumor growth, drug resistance, and 

angiogenesis. Cancers with upregulated cathepsin L including ovarian, breast, prostate, lung, gastric, pancreatic, and 

colon cancer may benefit from cathepsin L inhibitors. Moreover, there is evidence that cathepsin L inhibition prevents 

murine autoimmune diabetes via suppression of CD8 T cell activity. The most commonly used method for cathepsin 

L inhibition assays utilize fluorophores bound to short amino acid sequences. These fluorophores emit fluorescence 

when cathepsin L cleaves the linkage between the amino acids and the fluorophore. However, fluorometric assays can 

suffer from wavelength interference caused by impurities and the instability of many fluorescent compounds when 

exposed to light. Moreover, continuous monitoring of time dependent kinetic studies is hindered by plate reader 

performance and the low sensitivity of the assay can be an obstacle to high-throughput enzyme activity assays. To 

overcome these issues, a novel quantitative electrical assay for cathepsin L has been developed utilizing field effect 

transistors (FET) technology. In this study, the disposable sensing membrane of our FET device has been coated with 

full length histone H3, which is a known substrate of cathepsin L. Reaction with cathepsin L can be quantitatively 

measured by the FET device as the full length histone H3 is cleaved by cathepsin L. Furthermore, the efficacy of a 

cathepsin L inhibitor can also be quantified through quantifying electrical signal changes. Our novel quantitative 

electrical assay for cathepsin L offers high sensitivity, continuous monitoring of enzyme kinetics, and a circumvention 

from wavelength interference and fluorophore instability. This clearly signifies the potential of utilizing ISFET for 

cathepsin L inhibition assays. 

 

 
  Incubation time (min) 

 

 

Time dependent voltage shift after cathepsin L & Histone H3 reaction 
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Mesoporous Silica-based Nanoparticles for Site-specific Delivery of Small Signaling 

Molecules 

 

Research during the past three decades has revealed that small molecules like nitric oxide (NO), carbon monoxide 

(CO) and hydrogen sulfide (H2S) act as important signaling molecules in human physiology and pathology at 

submicromolar to micromolar levels. Modulations of the levels of these gasotransmitters at specific biological targets 

lead to various salutary effects. The “toxic” nature of these gaseous molecules however poses as a challenge to deliver 

them safely in hospital settings.  As a consequence, the quest for discrete and biocompatible platforms that can deliver 

low doses of these gasotransmitters under controlled conditions has gained momentum. We have recently 

demonstrated that mesoporous silica-based materials and nanoparticles can serve as excellent carriers for pro-drug 

molecules and aid in site-specific delivery of these unusual “drugs” under the control of light. Recent results of 

successful delivery of NO and CO to malignant and infection sites will be discussed in this talk.    
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Initial prostate cancer diagnosis is as important as the actual cancer treatment process, as cancer stage confirmation 

dictates the treatment type and method. However, conventional methods utilized in the identification of prostate 

cancer, such as the invasive digital rectum exam (DRE), are a source of great stress to the patient. If the presence of 

prostate cancer specific biomarker can be detected directly from a physiological urine sample that was not subject to 

DRE, it will be of great convenience to both the patient and the medical practitioner. Herein lies the problem. Because 

the solution in which the biomarker is contained is urine, the platform will have to overcome the challenges presented 

by the urine solution itself. Hardships of urine sample analysis are usually a product the patient’s lifestyle and thus, 

are influenced by the patient’s diet and circadian rhythm. This will lead to situations where the chemical composition 

of different urine samples may differ even though they were obtained from the same patient [1, 2]. This platform is 

capable of identifying prostate cancer specific biomarkers in a clinical urine sample directly, and without the need to 

subject the solution to dilution or chemical modification 

 

 
   

Biomarker Concentration Dependent Voltage Shift 
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Recently, flexible and stretchable bioelectronic systems are notable for its conformability, low-cost manufacturing so 

that these characteristics can make possible to minimally invasive, implantable, wearable healthcare [1]. However, 

there are still limitations for the mass production due to the complicated fabrication method and the expensive 

electrode material [2]. To overcome these limitations, laser-induced graphene (LIG) was employed because of the 

following advantages [3]: (1) LIG is a chemically inert carbon nanomaterial and the laser photothermal effect makes 

larger active electrode area with the 3-D network. (2) LIG can be fabricated by a one-step facile laser irradiation 

process on commercial polyimide films. Specifically, the sp3-carbon atoms which consist of PI film are 

photothermally converted to sp2-carbon atoms by CO2 infrared laser (3) LIG film can produce a good electrical 

conductivity, ~25 Scm-1.   

In this paper, we describe the fabrication and characteristics of a LIG electrode-based simple flexible/stretchable 3-

electrode electrochemical biosensor. In order to realize the LIG electrode-based electrochemical biosensor on any 

flexible/stretchable polymer substrate, LIG electrode was first made on a polyimide layer and it was transferred onto 

the flexible/stretchable polymer substrate. Its electrical conductivity can be adjusted by adding the dopant material in 

a coated material on the polyimide film before laser irradiation process. A simple LIG-based 3-electrode 

electrochemical sensor was designed, fabricated, and characterized using cyclic voltammetry. 

 

Keywords: laser-induced graphene, stretchable, flexible, electrochemical, biosensor 

 

Figure 4 the fabrication method of transferred LIG electrode on flexible/stretchable substrate 
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Polysaccharides such as amylose are well-known to biocompatibility and biodegradability and have been much 

attention for application in widely fields, especially food, cosmetics, medical, and pharmaceutical applications. 

Pullulan is a kind of polysaccharide, which is consists of glucose, and the structure is -1,6-linked maltotriose. This 

polysaccharide shows excellent low viscosity solution and adhesive properties to hard tissue and then is expected for 

biological application. In this study, we investigated on a novel preparation of phosphorylated pullulan and their 

application for effective controlled drug release system. Phosphorylation modification for pullulan based on the 

microwave heating improved their adhesiveness to hard tissue such as bone and teeth. When the obtained pullulan 

derivatives (PPL) mixed with cetylpyridinium chloride (CPC), which is a typical antibacterial agent with biphiphilic 

structure, the mixture indicated turbid depending on the concentration and mixture ratio. It suggests less-soluble 

complex formation between PPL and CPC. To elucidate their ability of drug carrier, the mixture was adsorbed on the 

surface of hydroxyapatite and then S. mutans were cultured on the apatite plate. When only CPC was treated on the 

surface even at 100,000 ppm, S. mutans grew as same as non-coated ones. However, the plate coated with PPL-CPC 

complex at 100 ppm, S. mutans observed rarely after 12 h cultivation. It suggests that PPL can adhesive to the apatite 

surface and CPC be released from the PPL-CPC complex effectively. Therefore, PPL-CPC complex can allow to a 

newly application for controlled drug release system, especially hard tissue.     
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The ability of a sensing molecule to specifically bind an analyte and elicit a response is a central component of any 

sensing molecule, such as those used to provide functional surfaces to optical fiber based chemical sensors. This 

binding is driven by molecular recognition as defined by the chemical make-up of both sensing molecule and analyte 

but also the local molecular nano-environment that they confront. To specifically control the local molecular nano-

environment and thus influence binding interactions of a functional surface, without changing chemical structure, is 

an attractive proposition towards optical fiber based sensing elements with highly selective surfaces for detection of 

biologically and/or environmentally relevant ions. 

Photoswitchable spiropyran-ionophore (SI1) sensing molecule was chosen, as it was found to form both a single-

ligand complex with Ca2+ and a dual-ligand complex with Al3+, as shown on the left of Fig. 1. We sort to control SI1s 

selectivity to these ions by subjecting it to a range of significantly different nano-environments, being in solution (Fig. 

2A top), chemisorbed onto a fiber core surface (Fig. 2B top), or physisorbed into a thin-film PMMA on the core 

surface (Fig. 2C top). The fluorescence characteristics of SI1 were used to compare the effect of these three different 

nano-environments on the ability of SI1 to bind Al3+ and Ca2+.  Solution-based measurements revealed the MC isomer 

strongly fluoresced when single-ligand complexed with Ca2+ and had modest fluorescence  when  dual-ligand  

complexed  with  Al3+,  shown  in  Fig. 2A.  Next,  silica 

 



 

 437 

Fig. 1. (Left) Cation interaction with Spiropyran-ionophore molecule (SI1) (Ref. [1] has more details about SI1 type molecules) (a) 

represents the SP ring-closed, non fluorescent form. (b) and (c) represent the ring-opened, fluorescent forms of MC-cation single- and 

multi-liganded complexes. (Right) Schematic of the setup used to measure the fluorescence from MC-cation complexes at the surface of 

silica ECF core, including a cross section of (a) the ECF from a SEM, and enlarged view (b) of the core (7.5 μm effective diameter) 

indicated by the red square. MMF is multimode fiber. 

 
Fig. 2. Comparison of peak fluorescence intensity from SP isomer without ions, MC isomer without ions, (SI1)MC-Ca2+ complex, and 

2(SI1)MC-Al3+ complex. (A) Shows results of MC isomer and (SI1)MC-cation complexes in solution, (B) shows results from ECF1 

(polymer doped (physisorbed) with SI1), and (C) shows results from ECF2 (covalently bound (chemisorbed) SI1. 

exposed-core microstructured optical fibers (ECFs)[2] were prepared with SI1 chemisorbed onto the core surface or 

physisorbed into a thin-film PMMA on the core surface, using methods shown in Refs. [1,3]. The fiber profile, core 

area and measurement setup is shown on the right side of Fig. 1. The response from the MC isomer of SI1 doped 

within the thin-film PMMA on the ECF core (Fig. 2B) showed that the fluorescence from the dual-ligand complex 

with Al3+ was twice that of the single-ligand complex with Ca2+. This is in contrast with the solution-based 

measurements that showed the opposite, i.e. more fluorescence with Ca2+ and less with Al3+. The measured response 

from the chemisorbed MC isomer on the ECF core surface (Fig 2C) showed an increase in the fluorescence intensity 

when exposed to Ca2+, however in the presence of Al3+ did not result in an increase in fluorescence intensity. This 

result was significantly different from the solution-based experiments (Fig. 2A). 

These results demonstrate that defining the associated nano-environment can control the sensitivity and selectivity of 

a spiropyran-based fluorescent sensing molecule toward a range of metal ions. The different nano-environments had 

differing affects on the relative affinity for single-ligand and dual-ligand binding to Ca2+ and Al3+ respectively. 

Keywords: Nano-environment effects, Molecular recognition, Sensing and sensors, Chemical analysis, Thin film 

devices and applications 
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The ability to detect ions/molecules at very low concentrations has become a general society requirement. Heavy 

metals present at low concentrations in natural waters accumulate in plants and animal tissue to reach toxic doses. 

Endocrine disruptors, such as pesticides or bisphenol are now known to be toxic at femtomolar concentrations. The 

detection of ions of pathological or physiological interest in the body associated with high sensitivity and specificity 

offers large opportunities for the early diagnostic and treatment of diseases. For example, the case of the Wilson 

disease, which is induced by the accumulation of copper in tissues, is one of these typical examples. When the disease 

is diagnosed early enough it can be efficiently treated while it leads to death when the diagnostic is realized at too 

advanced stages in the disease. It is therefore crucial to develop a test with unique features such as ease of use, fast 

and low cost allowing systematic early diagnostic. Our project stands in this framework with the development of ion 

sensors. 

 

 

 

 

 

 

Our device is based on field effect 

transistor (FET) technology and is constituted of an organic lipid monolayer with a thickness of 2.5 nm used as gate 

dielectric instead of classical inorganic oxide. Using an ultra-thin dielectric increases the sensitivity of the sensor while 

allowing using low operating voltage. The specificity of the detection relies on the development of specific chelators 

that are grafted to the lipids head-groups. Together the lipid monolayer and the chelator constitute the active layer of 

the device and play a major role in the device performances.  

We show how the quality of the monolayer in terms of density and mechanical stability directly impacts its insulating 

properties and performances [1-4]. Sensing examples regarding iron III and copper II detection are demonstrated with 

sensitivities down to the sub-femtomolar range and linear quantification over more than 10 decades [5-6]. These are 

the best results reported so far for small ions detection. 
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Potassium ions which make up about 0.4% of the mass in the human body and are the most abundant intracellular 

cation, play diverse roles in biological processes including muscle contraction, heartbeat, nerve transmissions, and 

kidney functions. Abnormal K+ fluctuations are early indicators of diseases such as alcoholism, anorexia, bulimia, 

heart disease, diabetes, AIDS, and cancer. Therefore the detection of K+ in physiological environment is of great 

significance. One of the earliest and best-known intracellular fluorescent K+ probes is potassium-binding benzofuran 

isophthalate (PBFI), which uses a diaz-18-crown-6 as a ligand and a benzofuran derivative as the fluorophore. 

Unfortunately, PBFI, suffers poor selectivity for potassium ions with respect to sodium ions (Na+).  

Herein, we will describe our results for developing highly selective potassium ion sensors. We used triazacryptand 

(TAC) as a high selective potassium ion ligand and various fluorophores for preparing highly selective potassium 

molecular and planar polymeric probes. We constructed a potassium ion sensor using a 2-dicyanomethylene-3-cyano-

4,5,5-trimethyl-2,5-dihydrofuran (TCF) as a strong electron withdrawing group and the TAC as the electron donating 

group for the first intracellular potassium ion sensor. Later we incorporated a triphenylphosphonium (TPP) unit into 

a BODIPY fluorophore with TAC as the ligand for the first mitochondrial targeting potassium ion probe. These two 

molecular probes show high selectivity for potassium ions and capable for monitoring intracellular potassium fluxes. 

Especially the probe with TPP moiety showed high co-localization efficiency for mitochondria. We also prepared a 

polymerizable potassium ion probe using naphthalimide as the fluorophore for generation of planar thin film-based 

potassium ion sensors. These polymeric sensors showed potassium ion dynamic response ranges from 1 to 20 mM, 

indicating its suitableness for extracellular sensing. This sensor also has a minimum influence by pH from 6 to 8, 

showing its suitableness for biostudies. We tested whether this sensor can be used to monitor extracellular potassium 

ion concentration changes. We used lysozyme to kill bacteria (E. Coli and B. Subtilis) to release their cellular 

potassium ions to the media to enable us to monitor potassium concentration changes in real time. Results showed 

that potassium ion concentration is higher with higher cell densities. We also found the difference among the two 

species of cells. E coli release potassium ions much slower than that Subtilis did. Thus in this presentation, we will 

give detailed results about our potassium ion sensors. 
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A bio-fluid is a representative clinical material used for a diagnosis of disease and composed of various bio-molecules 

as well as a specific disease marker. In case a disease diagnosis with the bio-fluid, many sensors are suffering from a 

low sensitivity and accuracy by a random absorption of the bio-molecules [1]. Therefore, a subsidiary processes 

purifying an unrefined bio-fluid with an analyte without absorbated bio-molecules through a fractionation process 

such as a centrifuging [2], a microfluidic cell sorting [3] are essential for high sensitive bio-fluid based diagnosis. 

These fractionation process separated with a detection process lead to a low convenience, hence one-chip based 

sensing tool which conduct a sensing simultaneously with a fractionation is required for more competitive biosensor.   

Here, a novel concept of an interdigitated microelectrodes (IME) based on a dielectrophoresis effects is proposed for 

high sensitive diagnosis in bio-fluid. By applying the AC voltage to the electrodes, the absorbable molecules are 

expelled from a reaction region and consequently the deterioration of the sensor`s performance by the molecule’s 

absorption is alleviated without any additional process.  

The performance of the IME is verified with an impedance changes (ΔZ) by immune reaction of amyloid beta 

monomer (Aβ monomer, 4.5 kDa) according to the AC voltage. The IME consisted of a 30 pairs of platinum (Pt) with 

5 μm interval and width is fabricated on SiO2 surface and the antibody is immobilized on the SiO2. Applied frequency 

and voltage to fractionate the molecules other than Aβ monomer are fixed at 50 MHz and 0.5 Vpp which expel the 

molecules over 4.5 kDa [4].  

To proof the concept, the ΔZ is measured in PBS buffer consist of Aβs with divers structures, Aβ monomer and fibril. 

The ΔZ is about 4.59% and 1.83% in reaction condition with and without AC voltage respectively by fractionation of 

the fibril types of Aβ. The improvement of sensor`s performance is also observed using fluorescent image and the 

intensity by fluorescent is higher about 2-fold in AC condition. Also, the ΔZ is verified in PBS buffer with different 

types of molecule, HSA and IgG and the ΔZ is enhanced about 3.16% by the AC voltage, which is higher about 1.84-

fold than the value verified in reaction condition without AC voltage.  

 Moreover, the ΔZ is measured in standard plasma according to the concentration of the spiked Aβ monomer. The ΔZ 

changes about 4.39 to 9.59% in range from 0.01 pg mL-1 to 1000 pg mL-1 by the AC voltage, whereas it changes in 

reaction condition without AC voltage about -0.54 to 0.92% according to the Aβ monomer`s concentration range from 

0.01 pg mL-1 to 100 pg mL-1. As a result, the sensitivity is improved about 1.96-fold and the dynamic range is extended 

about 2-order by the fractionation of absorbable molecules.  

Consequently, we verify that the bio-fluid based diagnosis is able to be occurred in one-chip followed by the 

enhancement of the sensor`s performance.   

Keywords: Enhancement of sensitivity, Lab on a chip, bio-sensor, bio-fluid based diagnosis,  
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 Reconcile rigidity and flexibility for implantable probes 

 

Implantable electrodes have been widely used for biomedical research and therapy. Due to size and mechanical 

mismatch between electrodes and live cells and tissues, existing probes face many challenges in performance and 

biocompatibility. Different materials, geometry and strategies have been proposed to solve these challenges, but it is 

still a difficult task to reconcile the request for scaling down the size of probe, maintaining the mechanical strength 

for implantation surgery, while having the core structure flexible for bettering interfacing with cells. Here we propose 

a new strategy to address this challenge by integrating flexible structures on a supporting ultra-small silicon shaft, 

which features the in situ formation of flexible three-dimensional electrodes without any additional etching process 

by the integration of biodegradable sacrificial layers. Three-dimensional microstructures for tissue-electronics 

integration can also be realized by engineering the geometry and anchor points. In addition, we will demonstrate 

precisely controlled positioning and releasing of a whole polymer film probe of sub-10 micrometer thickness which 

would allow accurate deep implantation of fully flexible probes for the first time. 
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Chitosan is a natural polymer with many useful properties and functions for biomedical applications. Of these, the 

most important properties that make chitosan particularly useful as biomaterials are its excellent biocompatibility and 

biodegradability. In addition, chitosan possesses an antibacterial activity. Low toxicity, additional function and 

increased water solubility are often required while maintaining original properties of chitosan when it is used as 

biomaterial. Growth factors are biomolecules, mainly proteins. They have been known to play crucial roles in many 

important biological processes. The examples include epidermal growth factor, transforming growth factor-β and bone 

morphogenetic protein-2, which promote cell growth and proliferation, synthesis of collagen and fibronectin, and 

osteoblastic differentiation, respectively. Despite of their diverse stimulating activities in many biological processes, 

their biomedical application has been limited largely. Because they have short-half life in body fluids causing a rapid 

loss of their stimulating activities once entered into a blood stream. Protein immobilization would provide an effective 

way to overcome this problem. A variety of immobilization methods have been developed. However, many of these 

methods use chemical agents that can potentially generate by-products that could cause the denaturation of 

immobilized proteins. Also, it is difficult to apply equally chemical method to various growth factors because amino 

acid residues are different from each other. To avoid these problems, we have used a photo-crosslinking method to 

immobilize growth factors using visible light and UV curable chitosan derivative. The additional advantages of using 

this method are a relatively simple cross-link procedure, low-cost, easy to scale-up, and low toxicity. We consider that 

this photo-crosslinking method will be widely used for the immobilization of various biomolecules to apply to medical 

field. Here, we report the preparation of photo-curable chitosan derivatives that can be used for the immobilization of 

various biomolecules via photo-crosslinking. 
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This study targets to develop a patterning system for thermally responsive bio-hydrogel based on drop-on-demand 

(DOD) printing technology. Recent advances of biotechnology allow numerous innovative and novel biomaterials 

including polymer scaffolds, engineered cells and tissues. DOD printing of bio-hydrogels has great potential to realize 

3D printing of hydrogel-based materials. Especially, thermally responsive, i.e., temperature sensitive, bio-hydrogel is 

ideal for DOD printing and ultimately will be ideal for additive manufacturing of 3D biomaterials. This study shows 

the possibility of 3D patterning of thermally responsive bio-hydrogel, poly (n-isopropylacrylamid-co-acrylamide), 

PNIPAM. We utilized 3D printer to mold high aspect ratio 3D pattern, then printed bio-hydrogel on patterned 

Polydimethylsiloxane (PDMS). Three dimensional patterning of bio-hydrogel was presented by transferring the 

hydrogel from PDMS to glass substrate. The results showed the promise of its application to drug delivery, the 

development of new pharmaceuticals, and bio-mimicry. 

Keywords: 3D Printing, Bio Printing, Pattern Transfer, Hydrogel 
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Recently, a kind of core-shell hybrid composite (P@BMMs) as ibuprofen (IBU) carrier was successfully prepared in 

our group [1], in which, bimodal mesoporous silica nanoparticles (BMMs) were used as core and poly[(N-

isopropylacrylamide)-co-(methacrylic acid)]) (P(NIPAM-co-AA)) copolymer with dual pH- and temperature- 

responsive characteristics as shell. The aim of this work is to further explore the influence of the composition of 

copolymer shell on IBU-release behaviors. The XRD pattern (not shown) of P@BMMs-y (y = 0, 1, 3 , 7, and 10, 

respectively, presents molar ratio of AA to NIPAM) exhibited the diffraction peaks(100) in the 2θ range of 2o-4o, 

indicating the presence of mesoporous structure [1], however, its position shifted from 1.94o (P@BMMs-0) to 2.14o 

(P@BMMs-10). Except that, the intensity of peak(100) of I/P@BMMs-7 become almost undetectable, implying the 

successful adsorption of IBU molecules in the mesoporous channels. By combination with SEM/TEM, TG-DTG, and 

C13-NMR analysis, these characterizations suggested that P(NIPAM-co-AA) was successfully coated on the BMMs 

surface. As illustrated in Fig. 1, it can be found that the pH- and temperature responsive drug release efficiencies were 

sensitive to additive content of AA of copolymer shell. Obviously, P@BMMs-0 and P@BMMs-1 presented a high 

temperature-response and poor pH-response, IBU-releasing mechanism followed a Korsmeyer-Peppas model. 

Comparably, P@BMMs-3 and P@BMMs-10 gradually enhanced the pH-responsive efficiency with increasing AA 

content. 

  

Fig. 1.  In vitro IBU-release behaviors from (A) P@BMMs-0, (B) P@BMMs-1, (C) P@BMMs-3, and (D) P@BMMs-10 at different 

conditions (a) pH 2.0 at 37 oC, (b) pH 2.0 at 25 oC and (c) pH 7.4 at 37 oC. 
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Fig. 2.  SAXS patterns of P@BMMs-7 with different release time at pH 2.0 /37 oC, and corresponding evolution of fractal dimension  

As seen in Fig. 2, the SAXS patterns of P@BMMs-7 with different release time from 0.25 h to 24 h indicated the 

decrease tendencies of mass fractal dimension from 2.89 (t = 0.25 h) to 2.56 (t = 24 h), suggesting that the fractal 

nature had a close relationship with the evolution of porous structures and surface properties. 
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We developed a novel detection platform via optical means using a metal-insulator-metal (MIM) nanosandwich 

platform to observe protease activity. The technique relies on changes in normal incidence angle reflectivity originated 

from an optimized dielectric constant of the detection platform that can partially absorb lower wavelength of light in 

the visible region, particularly at 510 nm. Activities of various proteases such as trypsin, chymotrypsin and prostate-

specific antigen (PSA) cleaving two to five amino acid residues from surface-bound substrate peptides were 

successfully monitored, revealing kinetics parameter that of comparable with other established methods. More 

importantly, the MIM ‘molecular ruler' can simply measure the dimension of one amino acid. Unlike typical plasmon-

based methods, the MIM reflectivity does not surface-propagated making it a promising platform to be used in high-

density chip format detection. 
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In a life coexisting with an industrialized environment, human beings are exposed to various harmful gases. Recently, 

the gas sensor industry has been actively working on gas sensors in order to improve quality of life. However, in the 

case of the conventional semiconductor type and SnO2 type gas sensor, it is difficult to prevent interference by other 

gases in sensing a desired gas, so applying these sensors where accuracy is required is difficult. Therefore, it is 

necessary to develop a selective, sensitive, and accurate sensor that can measure only the gas desired by the consumer. 

In this study, we developed a quartz crystal sensor using self-assembled monolayers (SAMs) that selectively collects 

gas and developed a high efficiency chemical gas sensing system that can be applied in many industrial fields. We 

also synthesized an alginate hydrogel membrane with functional groups that react with ethanol to produce a frequency 

change and placed it on the SAM-coated Au quartz.  

 

Keywords: Quartz crystal gas sensor, self-assembled monolayer (SAMs), nanofibers, hydrogel 
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Drugs are essential components in human lives in terms of eliciting a therapeutic outcome in various disease states. 

However, high doses of the drugs can lead to side effects connected with the drug abuse. Particularly, drug molecules 

with lack of specificity and water solubility lead patients to take high doses of the drug to achieve sufficient therapeutic 

effects. The possible solution of these problems is to design biocompatible drug carriers that allow high loadings of 

drug molecules, including hydrophobic drugs, and their controlled release. Among the nanotechnology systems, 

recently intensively investigated as drug carriers belong periodic mesoporous silica materials. Mesoporous silica 

nanoparticles (MSN) represent a biocompatible multifunctional platform with favorable chemical properties. MSNs 

readily accommodate stimulus-responsive functionalization to enable on-command release of drug cargo in response 

to a variety of stimuli, including light, pH, temperature, magnetic field. They have shown better properties over free 

drug both in cell culture, and in animal models [1,2]. 

In our work we have studied a functionalized nanoporous silica particles responsive to the change of pH or UV 

radiation. In the first approach we have investigated MSN of MCM and SBA type modified by the photosensitive 

derivatives of coumarin and p–coumaric acid, which are subject of reversible photodimerization under UV radiation 

and  create a „gate“ on the surface [3]. The obtained results showed the possibility of controlling of the pore 

accessibility and/or drug release from MSN by physical stimulus. Photodimerisation of p-coumaric acid (closing of 

pores) was faster then photodimerisation of coumarine.  

In the second approach we studied pH-responsive platform consisting of cyclodextrin (CD)-capped MSNs. The pH-

responsive nanovalves are composed of an amine-based stalk attached to the walls of silica nanoparticles that can bind 

beta-cyclodextrin units non-covalently through supramolecular interactions. When the pH is decreased from its initial 

value (pH=7.4), the amine derivatives become protonated and their binding affinity to the cyclodextrin drastically 

decreased. The cyclodextrin caps are thus dispersed and pores are un-blocked. In our studies nonsteroidal 

antiinflammatory drugs naproxen and indomethacin as model drugs were employed or we used an antineoplastic agent 

for the treatment of gastrointestinal cancers, 5-fluorouracil.  
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Nanosilver ferrite is synthesised through co precipitation method [1] A new silver coated cobalt ferrite nanocomposite 

[ Ag@CoFe2O4], was prepared by a two-step procedure. In the first step, cobalt ferrite nanoparticles were synthesized 

by a co precipitation method followed by combustion method using glucose as fuel . This nano cobalt ferrite was then 

coated with nanosilver via chemical reduction of Ag+ solution using glucose as reducing agent [2].   nanosilver is 

synthesized by chemical reduction of Ag+ solution. The synthesized nano CoFe2O4, nano Ag@CoFe2O4, nanoAg and 

nano AgFeO2compostes were characterized by X-ray diffraction, Scanning electron microscopy/transmission electron 

microscopy, and vibrating sample magnetometer. The antibacterial activity of these nanoparticles were investigated 

against some Gram-positive and Gram-negative bacteria and compared with those of silver nanoparticles and standard 

antibacterial drugs. it was observed that nano silver ferrite has more antimicrobial action than all other tested nano 

particles. As the nano silver ferrite  has small particle size (4.5nm), good antimicrobial nature,anti fungal nature super 

paramagnetic and biocompatibility, so it is concluded that nano silver ferrite  is better tool  for  target drug delivery 

than other tested ferrites. The detailed study is presented. 
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Nano encapsulation of anticancer drugs (5-Fluorouracul (FU),   Paclitaxel, HET-0016) with polycaprolactone (PCL) was 

performed combining electrospraying and emulsion solvent evaporation method. Anticancer drug was electrosprayed to 

generate its nanocrystal and later nanoencapsulation within PCL using emulsion solvent evap- oration. Different 

categories of solvent system and manufacturing parameters were used to investigate their effects on morphology, drug 

release characteristics and cytotoxic effects. Coaxial drug loaded nanofibers were manufactured using high potential 

electric field of 17-25 kV to draw a compound solution jet from a specialized coaxial spinneret. Emulsion solvent 

evaporation was performed using sonication and high shear mixing to encapsulate drug within PCL nanoparticles.  

Morphology of nanostructures were investigated using Scanning Electrosn Microscopy (SEM), Transmission Electron 

Microscopy (TEM) and Electron Dispersive X-ray Spectrometry (EDS). TEM image of FU loaded PCL NF exhibited 

continuous drug core within PCL sheath. Thinnest NF was paclitaxel encapsulated fibers which was 22-90 nm and 

smallest nanoparticles was obtained using electro- spraying whose diameter was 35-80nm. The maximum encapsulation 

efficiency was 77.5%. In-vitro drug release kinetics of the NFs were performed in Phosphate buffer saline (PBS) using 

UV-Vis spectroscopy at 265 nm. NFs with drug particles outsides of surface exhibited rapid initial release (52-53%) in 

3 days while other sets of NFs released only 13-23% with in the same time period. In-vitro cell viability test with FU 

encapsulated NFs (category 2) in human prostatic cancer PC3 cells exhibited 38% alive cells at 5 µM concentration while 

in pristine FU 43% cells were alive. Paclitaxel encapsulated NFs with breast cancer cells also exhibited increased 

efficacy in com- parison to pristine anticancer drugs and continuous decrease of cell density indicated the slow release of 

paclitaxel from the NF. 
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Over the past few years, thermogelling polymers that undergo sol–gel transition in aqueous media as the temperature 

increases have been extensively studied for various biomedical applications, especially for drug delivery and injectable 

tissue engineering [1].  These polymers have been applied to entrap pharmaceutical agents or cells by simple mixing 

in a solution state, followed by a syringe injection into the target site where they formed hydrogel depots and served 

as carrier matrices for localized drug delivery or cell growth. Copolymers of poly(ethylene oxide) and poly(propylene 

oxide) (known as poloxamer), and copolymers of N-isopropylacrylamide have been widely studied as commercially 

available thermo-sensitive synthetic polymers. They can demonstrate excellent thermo-sensitive properties, but their 

clinical applications have been limited due to their lack of 

biodegradability, biocompatibility and physicochemical 

properties such as gel stability and strength. 

In this study, new thermo-sensitive polysaccharide derivatives, 

acyl glycol chitosans, were synthesized by N-acylation of glycol 

chitosan using a series of acylating agents and evaluated as new 

thermogelling systems for various biomedical applications. The 

physico-chemical properties of glycol chitosan derivatives with 

different types of acyl groups and different degrees of acylation 

(DA) were investigated in terms of degradation, cytotoxicity, 

rheological properties, and in vitro and in vivo gel formation. 

Aqueous solutions of acyl glycol chitosans were observed to 

demonstrate thermoreversible sol–gel transition properties around 

the body temperature and their gelation properties could be 

controlled by various chemical and physical factors. A acetyl 

glycol chitosan with thermogelling and mucoadhesive properties was used to prepare a new progesterone gel for 

vaginal application and proposed a promsing alternative to current vaginal progesterone formulation [2]. A 

thermosensitive hexanoyl glycol chitosan (HGC) was developed as a carrier for topical drug delivery to the eye. The 

HGC-based formulation showed prolonged retention on the preocular surface and enhanced drug availability and 

efficacy [3]. The degree of acylation of HGC could be finely tuned to obtain adequate thermo-reversible properties 

and gel stability. The HGC was also highly effective for forming multi-cellular spheroids when used to coat the 

surfaces of cell culture dishes. Our findings suggest that acyl glycol chitosans could be useful as a new thermogelling 

biomaterial for various biomedical applications, including drug delivery, cell and tissue engineering, organ-on-chips, 

drug screening research, and so on. 
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Fig.1 Thermo-reversible sol-gel transition behaviors 

of acyl glycol chitosans 
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Functional luminescent nanoparticles are promising materials for in vitro and in vivo optical imaging and therapy due 

to their unique optical and chemical properties.  In this talk, I will present three new types of biocompatible 

luminescence nanoparticles. The first type of materials is upconversion nanoparticles (UCNPs). I will present new 

developments regarding engineering UCNPs towards deep tissue imaging, photodynamic therapy, optogenetic 

applications in neuroscience and immunotherapy. The second type of nanoparticles is persistent luminescence 

nanoparticles (PLNPs). They are bioluminescence-like and possess unprecedented in vivo deep tissue energy 

rechargeability, outstanding signal-to-noise-ratio with no need for an excitation resource (light) during imaging, and 

they can be directly detected with existing imaging systems. These nanoparticles continue to emit light for minutes or 

hours and, in some cases, days, after turning off the excitation source. These long-lasting, light-emitting nanocrystals 

can provide noninvasive imaging technology for evaluating structural and functional biological processes in living 

animals and patients. The third is a type of organic Biodpy nanoparticles that were tailored with outstanding NIR 

absorbing ability. Rather than the conventional laser light needed in PDT,   I will present their ultralow power lamp 

operable PDT applications in deep tissue tumor treatment.  Finally, I would like also to introduce a nanobug concept 

towards cancer treatment.  
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Nanopore device with self-aligned nanogap electrodes for DNA characterization 

 

Nanopore sensors, an emerging third-generation DNA sequencing technique with rapid speed, single-base sensitivity 

and long read lengths, exemplify a new strategy in the characterization of biomolecules that mimic biological 

membrane pores. In such designs, the dimension of the sensor matches precisely with a single target molecule, so that 

the presence and/or motion of the molecule inside the sensor can generate measurable time-dependent electrical read-

out signals containing significant local structural information. The capability of single-molecule level and label-free 

detection of sequence and post-transcription modification of DNA and protein molecules promise a new paradigm in 

both fundamental studies and biomedical applications in personal medicine. However, existing techniques face great 

challenges such as the scalability and reproducibility of fabrication, lack of control of translocation, and low specificity 

in read-out signals. Here we propose a new framework of preparing nanopore device arrays with the additional 

integration of a pair of embedded nanogap electrodes in a self-aligned manner. Specifically, we will introduce our 

impedance-based feedback control system for the electrochemical deposition of metal on pre-defined nanoscale 

electrodes within a confined space to construct sub-10 nm nanopores with gate electrodes. We will also present 

preliminary results of recognition tunneling current readouts as different nucleotides pass through the nanopore 

devices. Our design can provide a promising platform for the scalable preparation of single-molecule characterization 

devices with active translocation control and recognition tunneling readout signals. 
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The sense of touch can trigger our strongest emotions instantly, whether they are positive or negative. While human 

culture is replete with artifacts that interface with the senses of sight, hearing, taste, and smell, objects designed to 

convey information or trigger emotion by interfacing with the sense of touch represent an open area for investigation. 

My research group is developing soft materials that can simulate different tactile sensations: rough or smooth, hot or 

cold, soft or hard, or even slimy. To accomplish this goal, we are using specially designed and synthesized ionically 

conductive hydrogels, and electrically conductive polymers. Central to the project is the ability to combine electrical 

functionality with mechanical softness that is commensurate with that of the skin. The central hypothesis is that there 

is a minimum number of types of “soft actuators” that can reproduce any tactile sensation a human being is capable 

of experiencing. An analogy would be to the red, green, and blue (RGB) pixels that are used in display technology to 

render any color in the gamut of human vision. That is, can there be an “RGB of Touch”? The ultimate goal is to 

translate these sensations to virtual reality for applications in robotic surgery and surgical training, education, and 

simulated environments. 
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Gene therapy has promising applications in cancer therapy. Currently, ~64.2% of the 2,143 protocols of gene therapy 

has been approved for cancer clinical trials worldwide. USA and European countries all have already approved gene 

drugs in recent years, such as Glybera, Strimvelis and Spinraza. The vesicular stomatitis virus matrix protein 

(VSVMP) can cause considerable cytopathogenesis of vesicular stomatitis virus (VSV) in the absence of other viral 

components. Matrix protein induced cytopathic effects through disruption of three types of cytoskeletal elements 

(actin, vimentin, and tubulin) by interacting with them and through general inhibition of host cell gene expression 

results in the systemic breakdown of the cell by apoptosis. However, the lack of safe and efficient VSVMP gene 

delivery systems remains one of the major challenges that restrict the clinical application of gene therapy. Recently, 

nanoparticle based non-viral gene delivery systems attracted more and more attentions because of its advantages such 

as low immunogenicity, high gene loading capacity, designable, ease of scale up, and etc. However, conventional 

nanoparticulate gene delivery systems are cationic which always cause the fast cleansing by RES after intravenous 

administration. Therefore, topical administration may be a good approach to improve the safety and efficiency of 

cationic nanoparticle-delivered genes. 

Here, we demonstrate a heparin-polyethyleneimine (HPEI) nanoparticle that is prepared by chemical conjugation of 

low molecular weight PEI by heparin. This degradable and low cytotoxic nanoparticle can interact with VSVMP to 

form a VSV-inspired nanocomplex. This nanocomplex is demonstrated to efficiently inhibit the growth of orthotopic 

bladder cancer xenografts and does not cause significant systemic toxicity, showing great potential clinical application 

in bldder cancer therapy.  

Epithelial ovarian carcinoma is the leading cause of gynecologic cancer-related death. We design a DNA delivery 

nanoparticle composed of 1, 2-dioleoyl-3-trimethylammonium propane (DOTAP) and methoxypoly (ethyleneglycol) 

(MPEG-PLA), which is low cytotoxic and non-immunogenic. Intraperitoneal administration of DPP/VSVMP 

complex, consisting of DPP nanoparticle combined with plasmid DNA coding VSVMP (VSVMP), efficiently 

inhibited the intraperitoneal metastasis of ovarian cancer through apoptosis induction and antiangiogensis, and did not 

cause significant systemic toxicity.  

In summary, the biodegradable HPEI and DPP nanoparticles can efficiently deliver genes into cancer cells. Topical 

administration of cationic nanoparticles delivered VSVMP gene could effectively inhibit the growth of bladder cancer 

and intraperitoneal metastasis of ovarian cancer without causing significant systemic toxicity, showing potential 

clinical application.   

Keywords: Non-viral Nanoparticles, Topical, Gene Therapy, HPEI, DPP  

[1] L. LUO, T. DU, J. ZHANG, W. ZHAO, H. CHENG, Y. YANG, Y. WU, C. WANG, K. MEN, M. GOU*. 2016. Efficient 

inhibition of ovarian cancer by degradable nanoparticle-delivered survivin T34A gene. Int J Nanomed, 11, 501-513. 

[2] M. GOU, K. MEN, J. ZHANG, Y. LI, J. SONG, S. LUO, H. SHI, Y. WEN, G. GUO, M. HUANG, X. ZHAO, Z. QIAN, Y. 

WEI. 2010. Efficient inhibition of C-26 colon carcinoma by VSVMP gene delivered by biodegradable cationic nanogel derived 

from polyethyleneimine. ACS Nano, 4(10), 5573–5584. 

mailto:goumaling@scu.edu.cn


 

 459 

[3] X. DU, J. LANG, J. XU, Y. LU, Y. WEN, J. ZHAO, P. DIAO, Z. YUAN, B. YAO, L. FAN, G. WANG, L. LIU, Z. DING, Y. 

WANG, T. LI, R. WANG, Y. MAO, B. KAN, H. WU, H. LI, H. YANG, H. WU, Y. WEI, X. ZHAO. 2008. Vesicular stomatitis 

virus matrix protein gene enhances the antitumor effects of radiation via induction of apoptosis. Apoptosis, 13, 1205–1214. 

Acceptance ID: VAXK-O 

  



 

 460 

Erythrocyte-Derived Optical Nanoplatforms for Near Infrared Fluorescence 

Imaging and Phototherapy of Breast Cancer  

Joshua M. Burns1, Raviraj Vankayala1, Jenny T. Mac2, Bahman Anvari*1,2  

1Department of Bioengineering, University of California, Riverside, 900 University Ave., Riverside, CA 92521, USA  
2Department of Biochemistry, University of California, Riverside, 900 University Ave., Riverside, CA 92521, USA 

Email: joshua.burns@email.ucr.edu, bahman.anvari@ucr.edu  

Our group has engineered nano-sized vesicles derived from erythrocytes that can be loaded with pharmacological 

agents or optical materials such as the FDA-approved indocyanine green (ICG) (Bahmani et al. 2013). When photo-

excited by appropriate near infrared (NIR) wavelengths, these constructs can transduce the photons energy to emit 

fluorescence, generate heat, or induce chemical reactions. We refer to these constructs as NIR erythrocyte-mimicking 

transducers (NETs).  

The use of erythrocytes as a delivery platform is especially advantageous since natural erythrocytes have a long 

circulation time (≈ 90-120 days), attributed to the presence of “self-marker” membrane proteins (Oldenborg 2013; 

Rodriguez, et al. 2013). Therefore, constructs derived from erythrocytes may offer a capability for the availability of 

their cargo (e.g., ICG) over an extended time. Furthermore, such constructs are expected to be biocompatible. 

In this study, we investigated the theranostic capability of NETs in fluorescence imaging and photo-destruction of 

breast tumors. We fabricated NETs according to our previous protocols, consisting of: (1) isolation of erythrocytes 

from whole bovine blood; (2) hypotonic treatment of erythrocytes to produce hemoglobin-depleted erythrocyte ghosts 

(EGs); (3) extrusion of EGs through nano-sized porous membranes to produced nano-sized vesicles; and (4) loading 

of ICG into the nano-sized vesicles in a hypotonic buffer to produced NETs (Bahmani, et al. 2013; Burns, et al. 2017; 

Mac, et al. 2016). 

We initially carried out a set of in-vitro experiments using SKBR3 breast cancer cells to validate the fluorescence 

imaging and photo-destructive capability of NETs once activated by NIR excitation. NETs exhibited high intracellular 

uptake and produced reactive oxygen species (ROSs) upon 808 nm photo-excitation, which ultimately led to enhanced 

cell death.  

Next, we explored the theranostic capability of NETs in an in-vivo mouse model system consisting of SKBR3 

implanted tumors.  Following intravenous injection of NETs, we were able to visualize the tumors by whole body 

fluorescence imaging. We attribute the accumulation of NETs in tumors to the enhanced permeability and retention 

effect. We irradiated the tumors at 808 nm for 10 minutes at power densities of 340 or 680 W/cm2. In response to laser 

irradiation, we observed the destruction of tumors in about 16 days. Haemotoxylin and eosin (H&E) staining and 

apoptosis assays using caspase 3 immunostaining validated tumor destruction. We attribute the mechanism of tumor 

destruction to thermal effects and production of ROSs. Our results suggest that NETs as a photo-theranostic agent can 

offer a great potential in biomedical imaging and phototherapy of cancers. 

Keywords: indocyanine green, nanomaterials, photodynamic therapy, photothermal therapy. 
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Methotrexate-loaded multifunctional nanoparticles with near-infrared irradiation 

for the treatment of rheumatoid arthritis 

 

The goal of this study was to design photothermally controlled drug release from multifunctional nanoparticles 

(MNPs) at near-infrared (NIR) irradiated site which could improve therapeutic efficacy and reduce side-effects. The 

MNPs, methoxtrate (MTX)-loaded poly(ethylene glycol)-poly(lactic-co-glycolic acid) (PLGA)-Au half-shell 

nanoparticles (MTX-loaded NMPs), were fabricated by depositing Au film onto MTX-loaded PLGA nanoparticles. 

Upon NIR irradiation, heat was locally generated due to NIR resonance of the Au half-shell in MNPs and the release 

of MTX from PLGA nanoparticles was accelerated. In vitro experiments showed a higher therapeutic efficacy for the 

treatment of MTX-loaded MNPs with NIR irradiation than for chemotherapy or photothermal treatment alone. The in 

vivo NIR images of MTX-loaded MNPs indicated that the MNPs were effectively delivered to the rheumatoid arthritis. 

Moreover, MTX-loaded MNPs containing a much smaller dosage of MTX (1/1400 of MTX solution: repeated-dose 

administration) exhibited comparable therapeutic effects to a conventional treatment with MTX solution in collagen-

induced arthritis (CIA) mice. These results demonstrate that MTX-loaded MNPs are promising therapeutic agents for 

rheumatoid arthritis and allow in vivo NIR optical imaging. 
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The clinical application of intracellular gene delivery via nanosized carriers is hindered by intracellular multistep 

barriers that limit high levels of gene expression. To solve these issues, it has been frequently used that many gene 

delivery systems can be responded to one or two stimuli. However, use of three or more triggers is uncommon. This 

study efficiently utilized four different intracellular or external stimuli for sequential activation of a polymeric gene 

carrier, a photosensitizer (pheophorbide A [PhA]), and a genetic therapeutics. PhA-loaded thiol-degradable polycation 

(PhA@RPC)[1] was mixed with cytomegalovirus (CMV) promoter-equipped pDNA and their electrostatic attraction 

constructed the designed PhA@RPC/pDNA complexes. After endocytosis of the resulting PhA@RPC/pDNA 

complexes, their endosomal escape was activated by RPC in PhA@RPC because RPC has endosomal pH-induced 

endosomolytic activity. Subsequently, RPC was degraded by an intracellular thiol and then the complexes released 

pDNA and PhA. Late light exposure (LE) (e.g., 12 h post-treatment) activated the released PhA and resulted in the 

production of reactive oxygen species (ROS). Intracellular ROS successively activated NF-κB, which then reactivated 

the CMV promoter in the pDNA. These sequential, stimuli-responsive chemical and biological reactions resulted in 

high gene expression. In particular, early LE induced photochemical internalization but high cytotoxicity, whereas 

late LE influenced the reactivated pDNA via PhA-generated ROS and activation of NF-κB. In conclusion, the 

quadruple triggers, such as pH, thiol, light, and ROS, successively influenced RPC, PhA, and pDNA and the tempo-

spatial activation of the designed quadruple stimuli-activatable PhA@RPC/pDNA complexes could be potential in 

gene delivery applications. 

Keywords: CMV promoter, gene delivery, photosensitizer, reactive oxygen species, stimuli-responsive 

[1] CHO, H., LI, L., BAE, Y. H., HUH, K, M. & KANG, H. C. 2014 Bioreducible branched polyethyleneimine derivatives 

physically loaded with hydrophobic pheophorbide A: preparation, characterization, and light-induced cytotoxicity. 

Macromolecular Bioscience, 14, 1483-1494. 

 

 

Acceptance ID: Z5GC-P 

  

mailto:hckang@catholic.ac.kr


 

 464 

Enhanced Luminescence of Ln3+ Doped CaF2 Nanoparticles by Co-doping with Na+ 
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Lanthanide ions (Ln3+) doped CaF2 luminescent nanoparticles exhibit unique optical properties and represent 

promising candiadates for bio-applications.1 However, their inherent weak luminescent intensity greatly limits their 

application. Especially, Nd3+ sensitized CaF2 upconversion nanoparticles (UCNPs) have been rarely reported although 

UCNPs excited by 800 nm is more favorable for bio-applications than those excited by 980 nm.2 On the one hand, 

surface quenching will suppress luminescence greatly especially in ultra-small nanoparticles. On the other hand, non-

equivalent substitute Ln3+ for Ca2+ ions will bring about lots of lattice defects and Ln3+ clusters to balance the local 

charge in the CaF2 host lattice.3,4 Consequently, alleviating such lattice defects may improve luminescent intensity of 

these Ln3+ ions doped nanoparticles. 

Herein, we have synthesized core-shell (CS) CaF2:Yb/Er@CaF2:Nd/Yb nanoparticles with about 10 nm using Nd3+ 

ions as the sensitizer. Na+ ion has been codoped with Nd3+ and Yb3+ ions for charge compensation in the CaF2:Nd/Yb 

sensitizing layer. The CS structure constructed here could not only isolate the core from the surrounding quenching 

centres, but also suppress the energy back-transfer from the activators Er3+ (in the core) to the sensitizers Nd3+ (in the 

shell) by separating them spatially. Co-doping of Na+ ion with the Ln3+ ions in the shell has improved the crystallinity 

of the nanoparticles and prolonged the lifetimes of the excited states belonging to  both the sensitizer (Nd3+ ion) and 

the activator (Er3+ ion) markedly, thus the UCL intensity upon 800 nm irradiation has been enhanced remarkably. 

Moreover, CaF2:Nd/Na ultra-small nanoparticles show the strongest infrared emission at a high Nd3+ doping lever of 

30%. In contrast, both previous reports and our work demonstrate the emission of Na+-free couterparts would decrease 

when Nd3+ concentration is higher than 6%. This indicates that Ln3+ clusters may be effectively reduced since the 

cross relaxation process of 4F3/2 + 4I9/2 → 24I15/2 from adjacent Nd3+ ions is greatly supressed in the presence of Na+ 

ions.  

Similar effects have also been observed in other alkali metal ions co-doped UCNPs, such as Li+ and K+ ions, 

suggesting co-doping with a charge compensator may be an efficient way to enhance the luminescence of Ln3+ 

doped CaF2 nanoparticles. The as-synthesized ultra-small nanoparticles may be good candidates as excellent 

imaging nano-probes because of their good biocompatibility and adequate light penetration. 
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On the High Activity Methanol / H2O2 Catalyst of Nanoporous Gold from Al-Au 

Ribbon Precursors with Various Circumferential Speeds 

Hui Xu,a Kechang Shen,a Shuai Liu,a Laichang Zhang,b Xiaoguang Wang,c Jingyu Qin,a and 

Weimin Wang*a 

a Key Laboratory for Liquid-Solid Structural Evolution and Processing of Materials, Ministry of Education, 

Shandong University, Jinan 250061, China 
b School of Engineering, Edith Cowan University, 270 Joondalup Drive, Joondalup, Perth, WA6027, Australia 

c Laboratory of Advanced Materials & Energy Electrochemistry, Taiyuan University of Technology, Taiyuan 
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We have prepared the nano-porous gold (np-Au) with a three dimensional (3D) bicontinuous interpenetrating 

ligament-channel structure by dealloying the melt spun Al2Au ribbon precursors with three different circumferential 

speeds (Sc). With increasing Sc, the lattice constant (a0) of precursors decreases. After the dealloying procedure, the 

np-Au samples have an increasing a0 and a decreasing pore size with increasing Sc. There exists the heredity of the 

preferred orientation factors (F) between precursors and np-Au samples. The cyclic voltammetry (CV) curves of 

methanol electro-oxidation reaction (MOR) on np-Au samples are related to their F and show a higher activity with a 

higher Sc. In addition, np-Au with a lower pore size exhibit a higher sensitivity for the concentration of H2O2 in 

phosphate buffered solutions (PBS), which reaches 73.4 A mM-1cm-2 with Sc = 18.3 m/s. These results suggest that 

we can change the pore size of the dealloyed np-Au by adjusting the Sc of the precursors, and then enhance the catalytic 

activity of np-Au. 
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Volatile organic compounds (VOCs) are common pollutants found in microenvironment. It is a challenge to 

effectively remove VOCs to improve the indoor air quality1-3. Though TiO2 photocatalysis can degrade most VOCs, 

the degradation rate is low and the photocatalyst may deactivate in the TiO2/UV process4. 185 nm vacuum ultraviolet 

(VUV) photocatalysis exhibits better performance to degrade VOCs5, 6. In our study, TiO2 film with exposed {001} 

facets and uniform nanopores in the crystal facets, a new catalyst with superior photocatalytic activity for degradation 

of low concentration aqueous pharmaceutical pollutants7,8, were prepared, and its activity for decomposition of 

gaseous toluene, a typical indoor VOC, under VUV irradiation were investigated. In dynamic experiments, as shown 

in Fig.1, the nanoporous TiO2 film shows good photocatalytic activity for the photocatalytic degradation of gaseous 

toluene of lower initial concentrations under VUV irradiation. The removal ratios can be further improved with the 

increase of residence time. When the inlet concentration of toluene and residence time were 100 ppb and 1.1 s, 

nanoporous TiO2 film still showed activity under VUV irradiation, about 36% toluene was degraded. Moreover, the 

effect of the nanoporous TiO2 film becomes stronger with the decrease of initial toluene concentration. 

     
Figure 1. (A) Photocatalytic degradation of gaseous toluene at different residence time under VUV irradiation (inlet concentration is 100 

ppb). (B) Photocatalytic degradation of gaseous toluene with different inlet concentrations under VUV irradiation (residence time is 1.1 

s).  

Furthermore, an air purifier was established to evaluate the performance of nanoporous-TiO2/VUV and its feasibility 

for practical use. The photocatalytic unit includes nine VUV lamps (10W) and nanoporous TiO2/Ti. The ozone 

removal unit was composed with aluminum sheet coated with Mn-Fe catalyst, heating rods and temperature sensor. 

The effluent stream was introduced into the ozone removal unit to trap the extra O3 generated by VUV lamps. Heating 

rods and temperature sensor can control the temperature at 80 °C for Mn-Fe catalyst regeneration and is beneficial to 

the degradation of O3. The system was able to provide up to 96 m3/h airflow rates and was equipped with a radial fan 

with speed control mounted at the top of air purifier. The air purifier, composed with nanoporous TiO2 and VUV lamp, 

not only has an effect on removal of benzene homologues, aldehyde and ketone pollutants were also removed. After 

opening the VUV-PCO air purifier, the TVOC of indoor air was significantly reduced (Fig.2). 

A B 
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Figure 2. (A) Schematic diagram of the air purifier. (B) Photocatalytic degradation of TVOC in sealed cabinet at RT with a volume of 

11.29 m3.  

Keywords: Photocatalytic degradation; indoor VOCs; Nanoporous TiO2 film; {001} facets  
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Stability of heterogeneous Pt/Ti/TiO2 catalyst as function of the Pt concentration  
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Automotive three-way catalytic converter uses platinum to oxidize CO to CO2. 100% conversion efficiency is reached 

at 200C. It is attractive try to diminish this temperature, and then to produce less pollution. In order to obtain this 

result it is necessary to produce small stable platinum particles.  Having this in mind, we prepared Pt/Ti/TiO2 catalyst 

by sol-gel method, with different metal concentrations. We study the CO to CO2 conversion in a Perkin Elmer Clarus 

500 gas chromatograph. We obtain 100% conversion efficiency at 185C in a sample with 2% of Pt. This response was 

repeated along 45 days with the same sample, stored in a dark draw at room temperature without special care. We 

reported the efficiency obtained for other Pt concentrations. We also reported the size distribution of Pt particles. 
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The two forms of hydrogen are transitional in an isolated system but at an extremely slow rate. Hydrogen at room 

temperature (300 K) is a mixture of 75% ortho-H2 and 25% para-H2. Below room temperature the composition of 

ortho-para fraction varies, and 100% para-H2 can be achieved when temperature decreases to 20 K. Such conversion 

can be promoted in the presence of an engineered solid surface, and the catalytic activity of MOF materials have been 

proved enough to make instantaneous conversion of absorbed H2 molecules. Ortho-H2 can be detected using nuclear 

magnetic resonance (NMR) and quantified by integrating the Fourier transformed Free Induction Decay (FID), while 

para-H2 does not produce any NMR signal. In this work, waste PET-derived MOF materials were synthesized as cost-

effective catalysts to enrich para-H2 by flowing ultra-purity H2 gas at 77 K. NMR was employed to quantify the 

presence of para-H2 when an unknown sample was compared to a normal H2 sample. The achievement from this study 

will contribute to the building-up of a continuous para-H2 generation system. 
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Formaldehyde (HCHO) causes increasing concerns due to its ubiquitously found in the indoor environment and being 

irritative and carcinogenic to humans. The fast abatement of HCHO at room temperature is of significant practical 

interest. Recently, we found birnessite-type MnO2 showed signficant catalytic acitivty for HCHO decompositon at 

room temperature. The effects of water content and manganese vacancy (VMn) were investigated. The amount of VMn 

showed a dramatic promotion effect on the activity of birnessite for HCHO oxidation. The presence of VMn induced 

unsaturated oxygen species and K+ locating nearby VMn sites for charge balance facilitated the formation of active 

oxygen species, accordingly the activity for HCHO oxidation was greatly improved. In the meanwhile, cerium 

modified birnessite-type manganese dioxides (Ce-MnO2) with different doping ratios were prepared. Upon the doping 

of cerium, the growth of MnO2 crystal was inhibited, leading to smaller particle size and higher specific surface. In 

addition, CeO2 nanocrystal formed even at low doping ratio (0.1:10), resulting in close contact between CeO2 and 

MnO2 nanocrystals. As a result, the doped material owned higher content of oxygen vacancies and surface adsorbed 

oxygen species, which contributed to its high activity for HCHO oxidation. Ce-MnO2(1:10) with the nominal Ce/Mn 

ratio of 1:10 exhibited the best activity and achieved complete HCHO conversion at 100 °C and better activity at room 

temperature than undoped birnessite.  Finanlly, we fabricated a three-dimensional manganese dioxide framework (3D-

MnO2), which owns interconnected network structures, low mass density (~7.3 mg/cm3), and high absorption capacity 

for organic liquids. In particular, the 3D-MnO2 showed excellent activity and stability for HCHO oxidation at room 

temperature, achieving 45% of 100 ppm HCHO mineralized into CO2 under high gas hourly space velocity of 180 

L/g.h. The excellent performance of 3D-MnO2 catalysts in decomposing HCHO can be ascribed to their quickly 

reversible and high water content for replenishing the consumed surface hydroxyl groups during HCHO 

decomposition, and fully exposed active reaction sites. This is a valuable finding that inexpensive metal oxides such 

as MnO2 can transform ppm-level HCHO into harmless CO2 in as short as sub-second at room temperature. 
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Monodoping has been widely used to photosensitize TiO2 in visible light by effectively narrowing its bandgap. This 

process is however accompanied by the formation of local recombination centers that significantly limit the overall 

per-photon efficiency of monodoped TiO2 photoanodes. In order to counteract this limitation, we have developed an 

in-situ codoping process for the RF-magnetron-sputter-deposited TiO2:W,N films. We were thus able to tune the in-

situ concomitant incorporation of both W and N dopants into TiO2 films over a wide concentration range (i.e.; 0-3 

at.% for W and 0-9 at.% for N, respectively). X-ray photoelectron spectroscopy and X-ray diffraction analyses 

revealed that both W and N dopants are mostly of substitutional nature in the TiO2 films. These energy levels 

associated with the dopants were found to narrow significantly the optical band-gap from 3.2 eV (for undoped TiO2) 

down to a value as low as 2.3 eV (for optimally codoped TiO2:W,N at the respective contents of 3.8 at.% and 5.8 at.% 

for W and N), while maintaining the anatase structure. Most importantly, the codoping approach is found to greatly 

reduce the density of recombination centers in the TiO2:W,N films, as compared to monodoped TiO2:N films. Indeed, 

visible-light flash photolysis time resolved microwave conductivity (FP-TRMC) measurements revealed that the 

lifetime of generated photocharges increased from 340 ns (for monodoped TiO2:N) to 890 ns (for codoped TiO2:W,N). 

These FP-TRMC results constitute the first direct quantitative demonstration of the beneficial effects of acceptor-

donor (W,N) codoping on photocharge lifetimes. Finally, these codoping beneficial effects were exploited by 

integrating these TiO2:W,N based photoanodes into an EPC process for the sunlight degradation of atrazine herbicide 

(a toxic water contaminant) in water at the initial content of 60 ppb. Our results confirmed a significant increase in the 

pseudo-first order degradation constant values increasing from 0.026 min-1 for the undoped-TiO2 to 0.106 min-1 for 

the optimally doped TiO2:W,N photoanodes. 

Keywords : RF-magnetron sputtering, in-situ doping, TiO2, sunlight electro-photo-catalysis, bandgap narrowing, 

electronic passivation. 
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The heterocyclic conjugated polymers, including polyaniline (PANI), polypyrrole (PPy) , and poly(3,4-ethylenedioxythiophene) 

(PEDOT), have recently been investigated as inexpensive electro-catalysts because of their low cost, high electronic conductivity, 

and distinct redox properties. Generally speaking, these polymers can act as electrochemical catalysts in the following three ways: 

1) as catalysts on their own, 2) as precursors for pyrolyzed M-Nx/C catalysts, and 3) as matrix for entrapping non-precious metals, 

4) Conducting polymers with its micro/nanostructures over a large surface area can itself be an outstanding intrinsic electrochemical 

catalyst. We have developed a new class of efficient non-precious-metal ORR catalysts by doping PEDOT with hemin via a one-

step self-assembling mothod. It is demonstrated that the hemin-induced synergistic effect results a very high 4-electron oxygen 

reduction reaction (ORR) activity, a better stability, and free-from methanol crossover effect even in a neutral phosphate buffer 

solution due to hemin molecular characteristic, in which the iron centre of Fe-N4–C served for ORR, while the carboxyl groups 

used dopant for conducting PEDOT. Moreover, PANI nanofibers fabricated by electrochemical polymerization of aniline can act 

as a solid-state polymeric mediator for bacterial extracellular electron transfer (EET), which enables not only the dramatically 

enhanced EET current at a certain potential but also tunable EET behavior in a controlled manner. Image 
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Ultra-dispersed bimetallic nanomaterials have attracted much attention in the hydrogenation of highly toxic aromatic 

nitro compounds to aromatic amines owing to their high stability, superior activity, reusability, and unique optical and 

electronic properties, as compared to monometalic nanocrystals. However, the lack of facile and economically 

controllable strategies of producing highly pure ultra-dispersed bimetallic nanocatalysts limits their practical industrial 

applications. Considering the above obstacles, we present a simple and effective strategy for the formation of 

bimetallic (PdCu) nanocrystals by liquid phase pulsed laser ablation using a bulk Pd metal plate submerged in CuCl2 

solutions with different concentrations, in contrast to the complex and costly experimental methods used previously. 

The microstructural and optical properties of the synthesized nanocrystals indicate that the obtained bimetallic 

nanostructures are highly pure and monodispersed. Moreover, bimetallic PdCu nanostructures show a higher catalytic 

activity than monometallic Pd nanocrystals for the hydrogenation of 4-nitrophenol to 4-aminophenol at 

room temperature, also exhibiting high stability for up to four recycles. The mechanism of the 

enhanced catalytic activity and stability of bimetallic nanocrystals is discussed in detail. Finally, 

we believe that the presented design strategy and utilization of bimetallic nanocrystals for catalytic 

applications enables the development of novel bimetallic nanostructures by liquid phase pulsed 

laser ablation and their catalytic application for environmental remediation.  

Keywords: PdCu, liquid phase pulsed laser ablation; catalytic activity; nitrophenol reduction 
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The interest in the use of bimetallic nanoparticles as catalysts instead of monometallic ones has been increased daily 

because the bimetallic NPs either in alloy or core@shell form show higher activity, selectivity and stability compared 

to the monometallic counterparts owing to the “Synergistic” effects formed between two distinct metal atoms. In 

particular, more economical catalysts could be developed by the preparation of bimetallic alloy or core@shell 

nanoparticles of noble metals with a non-noble metal, which is considered to be very advantageous for the catalytic 

reactions using noble metals as catalyst.  

In this presentation, our very recent studies on the general synthesis of various monodisperse bimetallic NPs (alloy or 

core/shell), their structural characterization and their several catalytic applications in the organic and inorganic 

reactions will be presented. Among the bimetallic NPs, monodisperse M-Pd (M: Ni, Cu, Ag) alloy NPs and M@Pd 

(M: Ni and Ag) core@shell NPs as examples would be mentioned. These NPs were supported either on 2D materials 

including reduced graphene oxide (rGO) or mesoporous graphitic carbon nitride (mpg-C3N4) before their catalytic 

use.  

Keywords: Bimetallic nanoparticles; nanocatalysis; reduced graphene oxide; mesoporous graphitic carbon nitride; 

catalytic applications 
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Hydrocarbons are relatively abundant and therefore are a low-cost feedstock [1]. The main oxidized products of 

cyclohexane are of great industrial significance and a large amount of cyclohexanol and cyclohexanone is produced 

worldwide [1,2]. Phenol is also an important intermediate for the synthesis of petrochemicals, agrochemicals, and 

plastics. While industrially cyclohexanol and cyclohexanone are obtained with 80% selectivity at 4% conversion using 

a Co(II) naphthenate catalyst at 160◦C and 15 bar [2], phenol is produced in three reaction steps from benzene [3]. 

The development of economical catalysts that work under mild reaction conditions in the direct activation of C-H 

bonds is still a scientific challenge [1]. 

Transition metal coordination compounds with very versatile non-heme polydentate ligands were applied as selective 

homogeneous catalysts in the oxidation of cyclohexane and benzene under mild conditions and using environmentally 

benign hydrogen peroxide. Cyclohexanone and cyclohexanol were the main products of the oxidation of cyclohexane, 

with higher yields than the industrial process [4]. Phenol was the main product of the direct oxidation of benzene in 

acetonitrile at 50°C with very high selectivities [5]. The best catalysts for both reactions were the Fe(III/II) complexes 

with Schiff base ligands in only 1 mol% based on the substrate [4,5]. Cyclooctane and n-hexane could also be oxidized 

to the corresponding ketones and alcohols by the Fe(III) complex with N2O2 Schiff base ligand [4]. Commercially 

available VO(IV), Fe(II) and Fe(III) acetylacetonate acted as well as homogeneous catalysts in the oxidation of 

cyclohexane [4], n-hexane [6] and benzene [5].  

The sustainability of the homogeneous catalysts in the catalytic reactions was improved by using economic and 

environmentally acceptable solid porous supports: hexagonal mesoporous silica and activated carbon. Due to their 

easy anchoring when compared with the Schiff base complexes, the readily available Fe(II), Fe(III) and VO(IV) 

acetylacetonate complexes were immobilized onto these porous supports, previously functionalized with amine groups 

[5,6]. Characterization of the materials showed that both porous materials were conveniently functionalized and that 

the metal complexes could be effectively anchored onto these materials by Schiff condensation [5,6]. They were active 

as heterogeneous catalysts in the oxidation of cyclohexane and n-hexane at room temperature with hydrogen peroxide, 

giving the respective alcohols and ketones [6]. And they were also active in the direct oxidation of benzene to phenol 

with higher yield and selectivity than the original metal complexes in homogeneous phase [5]. All the heterogeneous 

catalysts prepared could also be recycled by simple filtration and re-used at least in two more consecutive cycles 

without significant loss of catalytic activity [5,6]. Comparable or higher phenol yields to the best reported in the 

literature were obtained [5]. 
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In visible light photocatalysis the catalytic activity of the catalyst is further improved by presence of visible radiation. 

Photocatalysis aided by visible light is extremely desirable due to an abundance (44-47%) of the visible region in the 

solar spectrum with UV light accounting for only 3-5% of the total power, and hence attracts active research pursuits. 

Visible light photocatalysts are promising candidate materials particularly for public health concerns, as they may 

expedite the degradation of various environmental pollutants in presence of sunlight. In a prior work [1] we have 

reported a facile approach to produce zinc titanate (ZnTiO3) nano-powders with improved photocatalytic activity 

under visible light. The method consists of calcining the electrospun mats obtained by spinning a sol that yields a 

white crystalline nano-powder. The ZnTiO3 nanopowders prepared by calcining the mats obtained after sol-

electrospinning showed improved activity towards degradation of phenol (an important environmental pollutant) in 

presence of visible light as compared to those prepared by conventional sol-gel route [1]. 

In this work we aim towards improving the visible-light photoactivity of these materials by doping nitrogen. Nitrogen 

is chosen as the dopant atom as it can, in addition to favorably introducing gap states and narrowing the band gap, 

suppress the recombination of the photoelectrons and increase the carrier lifetimes, thereby enhancing the efficiency 

of the photocatalysis process [2]. To achieve nitrogen doping, the precursor sol is mixed with urea, electrospun, and 

calcined. Photocatalytic activity of these powders is studied by monitoring the photocatalytic degradation of phenol 

in the presence of visible light provided by the 100 watts incandescent light bulb. It is found that the ZnTiO3 powder 

obtained from electrospinning the urea mixed precursor sol strongly enhanced the degradation rate of the phenol. The 

first order rate constant for undoped ZnTiO3 is k = 0.0033 s-1 and for nitrogenated electrospun ZnTiO3, k = 0.01065 s-

1. In light of this encouraging result, further characterizations and optimization of the catalyst performance is under 

way. 

Keywords: ZnTiO3, Phenol degradation, Visible light photocatalysis, Nitrogen doping, Sol-electrospinnig. 
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In this work, a silylated porphyrin (Tetrakis(3-(triethoxysilyl)propylamine) (tetrakis(p-aminophenyl) porphyrin) 

carbamate) is synthesized to dope TiO2 formed by sol-gel process in order to produce efficient photocatalysts under 

low energy light. Two TiO2 synthetic routes are considered: the organic way and the aqueous way depending the 

solvent used. Samples are characterized by X-Ray diffraction (XRD), Fourrier Transformed Infra-Red spectroscopy 

(FT-IR), Nuclear Magnetic Resonance measurements (NMR), nitrogen adsorption–desorption measurements and 

diffuse reflectance spectroscopy measurements. Results show that (i) for the organic way, TiO2-anatase catalysts with 

a crystallite size of 23 nm and a low specific surface area are formed, while (ii) for the aqueous way, TiO2-anatase 

and brookite catalysts with a crystallite size of 5 nm and a high specific surface area are obtained. For doped samples, 

the absorption spectrum of TiO2 presents visible wavelengths absorption, consequence of bonding between the 

porphyrin and TiO2. Then, the photocatalytic activity of samples are tested for the degradation of p-nitrophenol under 

UV/visible light or low energy light showing an increase of the activity for the doped catalysts with  porphyrin. Indeed, 

porphyrin is excited by absorption of visible light causing the transfer of an electron from the HOMO level (Highest 

Occupied Molecular Orbital) level to the LUMO level (Lowest Unoccupied Molecular Orbital). Photosensitization of 

TiO2 resulting from the transfer of the photo-induced electron of the LUMO level of the porphyrin into the conduction 

band of TiO2 [1-3].  

Keywords: TiO2-based photocatalysis, Silylated porphyrin, Sol-Gel process, p-nitrophenol degradation 
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Ultra-deep desulfurization of fuels has recently attracted great attention because of the serious environmental problems 

and harsh legal requirements. Usually high temperature and high pressure are needed for the traditional 

hydrodesulfurization. In contrast, the oxidative desulfurization is a promising method which can remove the sulfur 

under mild conditions without hydrogen. However, improvement of the catalysts’ activity is still required. 

Subnanoclusters are the particles with diameters between 0.1 nm and 1.0 nm (Lu and Chen, 2012). As an intermediate 

size regime between nanoparticles and molecules, subnanoclusters have exhibited some new properties which are 

different from their nano-counterparts. In this work, we synthesized subnano-MoO3 supported on ultrasmall 

mesoporous silica nanoparticles (UMSN). Then we tested its catalytic activity towards oxidative desulfurization. The 

subnano-MoO3/UMSN exhibited enhanced catalytic activity compared to conventional nanoparticles supported on 

silica. This is the first time for applying metal oxide subnanoclusters to catalyze oxidation desulfurization. Ultra-deep 

desulfurization of fuels can be realized under mild conditions with this new kind of subnano catalyst. 

Keywords: subnanocluster, ultrasmall mesoporous silica, heterogeneous catalysis, oxidation desulfurization 
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Clean and sustainable energy technologies, such as fuel cells, metal-air batteries, water-splitting and solar cells, are 

currently under intensive research and development because of their high efficiency, promising large-scale 

applications, and virtually no pollution or greenhouse gas emission. At the heart of these energy devices, there are 

three critical chemical reactions: oxygen reduction reaction (ORR), oxygen evolution reaction (OER) and hydrogen 

evolution reaction (HER) that determine the efficiencies of energy conversion and storage. These reactions, however, 

are sluggish and require noble metals (e.g., platinum) or their oxides as catalysts. The limited resources and high cost 

of platinum have hampered the commercialization of these technologies. Therefore, it is necessary to search for 

alternative materials to replace Pt. Carbon nanomaterials, such as carbon nanotubes (CNTs) and graphene, are 

appealing as an alternative for metal-free catalytic applications because of their structures and excellent properties. 

Although the superior catalytic capabilities of heteroatom-doped carbon nanomaterials for ORR have been demonstrated, 

trial-and-error approaches are still used to date for the development of highly-efficient catalysts. To rationally design a 

catalyst, it is critical to understand which intrinsic material characteristics, or descriptors that control catalysis. Through 

first-principles calculations, we have identified a material property that serves as the activity descriptor for predicating 

ORR and OER activities, and established a volcano relationship between the descriptor and the bifunctional activities 

of the carbon-based nanomaterials. Such descriptor enables us to design new metal-free catalysts with enhanced ORR 

and OER activities, even better than those reported for platinum-based metal catalysts. The design principles can be 

used as a guidance to develop various new carbon-based materials for clean energy conversion and storage.  
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Peptide noble metal composites have been extensively applied in medicine, catalysis and others. A controllable 

preparation of peptide noble metal composites still remains as a significant challenge. To overcome this challenge, we 

recently developed a room temperature electron reduction for the syntheses of peptide noble composites.1 The size, 

shape, facet, structure, and composition of obtained composites could be specifically controlled under the mild 

synthesis conditions.  The obtained peptide composites exhibit enhanced activity and stability. For example, the 

obtained peptide Pt composites show a significantly high activity for photo-catalytic water splitting and CO2 

conversion.2 They also show high activity and enhanced stability for oxygen reduction.3 More applications are be 

tested and will be reported in our future works. 
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A constant current electrodeposition approach was employed to prepare Cu2O/TiO2 nanocomposite thin film. XRD, 

XPS, SEM, Raman, UV-Vis and PL were used to characterize and analyze the thin film microstructure, surface 

morphology and photoelectric properties. Effect of annealing treatment on the thin film properties was discussed. 

Response surface methodology was employed to optimize the main influences of Rhodamine B photocatalytic 

degradation by thin film, and the quadratic multinomial mathematical model was established. Photocatalytic 

degradation process of Rhodamine B was studied. The results indicated that the prepared Cu2O thin film was of high 

purity, with (111) crystal plane preferred orientation. The average particle diameter was about 150 nm, and the 

absorbing boundary was about 600 nm. After annealing treatment, the absorbing boundary and open circuit voltage 

increased, Cu2O thin film exhibited obvious absorbance response in visible light range. The R2 in the established 

quadratic model is 0.9888, which was of better fitness and higher reliability. Under optimum conditions, the 

Rhodamine B degradation rate can reached over 99.36% in 3 h. The Rhodamine B molecules can be decomposed 

completely. Recycling results revealed that Rhodamine B degradation rate can still reached 86.8 % after 8 cycles. 
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We report on the synthesis and testing of an active and stable catalyst for methane oxidation. The catalyst is a solid 

state solution of pallida/ceria supported on alumina (PCA). It is prepared via a one-step solution-combustion synthesis 

(SCS) method in which aqueous solutions of Pd(NO3)2, Ce(NO3)3, Al(NO3)3 and glycine are heated in air till full 

combustion. Contrary to the catalyst prepared by conventional impregnation method, investigation by x-ray 

photoelectron spectroscopy (XPS) shows that SCS results in the formation of a solid solution in which the Pd ions are 

doped into the ceria lattice, and associated with the reduction of Ce4+ into Ce3+ ions, and presumably, the formation 

of oxygen vacancies. Pd has three oxidation states corresponding to Pd0, Pd2+ due to PdO and highly ionized Pd ions 

(Pd(2+X)+) which may originated due to insertion of Pd ions into the ceria lattice.  Pallida/ceria segregates on the surface 

of the alumina support and, its intrinsic Ce3+, oxygen vacancies and highly ionized Pd, are believed to play the major 

role in the catalytic reaction. For higher Pd loading samples, bulk PdO and metallic Pd are detected by XRD.  

The light-off curves show that methane oxidation exhibits three distinctive regions: the high temperature region (above 

400℃) is characterized by 100% activity. The behavior of the catalyst above 400℃ is independent on the Pd content 

and on whether the reaction occurs under wet or dry conditions. This region corroborates with the Mar-van Krevlen 

mechanism. The second region of the light off curves lies between ~ 400 and ~ 300℃. In the second region, the 

catalytic activity gradually decreases with decreasing the temperature. Increasing the Pd loading as well as reducing 

the catalyst prior to reaction greatly enhance the activity in the second region. Methane oxidation in this region is 

suggested to follow the Langmuir-Hinshelwood mechanism. The third region extends from ~300℃ down to ~200℃, 

it is characterized by exponential decay in activity with decreasing temperature. The activity in the third region 

decreases significantly in the presence of steam. Catalyst deactivation in the third region is suggested to be due to 

surface hydroxylation because of the accumulation of H2O on the surface. 

*Presenting author: Email: mmkhader@qu.edu.qa, Phone (+974-55825744) 
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The systematic evaluation of metal nanoparticle catalysts functionalized with well-defined small organic ligands can 

provide important fundamental understandings on the influence of chemical environments near active sites.  Our group 

previously reported that the thiosulfate protocol using sodium S-alkylthiosulfates instead of alkanethiols could 

generate catalytically active Pd nanoparticles (PdNPs) capped with a lower density of alkanethiolate ligands.1,2 These 

unsupported PdNP catalysts exhibited an excellent selectivity toward the isomerization of allylic alcohols to carbonyls 

in organic solvents.3,4  PdNPs were also found to be selective for the isomerization of terminal alkenes to internal 

alkenes and the mono-hydrogen-ation of dienes and trienes.5  Herein, we report an investigation of various PdNPs 

capped with alkanethiolate ligands with linear alkyl, cyclic, or phenyl terminal groups and also PdNPs capped with 

constitutional isomers of pentanethiolate ligands (with one or two methyl groups at different locations (α, β, or γ) from 

the surface-bound sulfur). The catalysis studies show that the non-covalent and steric interactions between surface 

ligands and incoming substrates in the near-surface environment greatly influence the overall activity and selectivity 

of PdNP catalysts.  
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  TiO2-based heterogeneous photocatalysis has been widely considered as a useful and rapid technique for wastewater 

treatment. Photosensitization using metalloporphyrin allows efficient sensitization of TiO2 in the visible light region 

as compared to the other methods. Generally, the composites were achieved by physically adsorbing the 

metalloporphyrins on the TiO2 surface. However, the interfacial phase existing within this inorganic-organic hybrid 

materials will become the photoinduced electron transfer potential barrier, hence that would accelerate the 

combination of electron- hole pair, and lower the photocatalytic efficiency. Herein the hybrid of TiO2 nanoparticles 

sensitized by metalloporphyrin was successfully synthesized via a rapid insitu microwave hydrothermal method, 

derived from butyl titanate as the titanium precursors and metalloporphyrin (CoTCPP) as a sensitizer. 

The composition and structure of the as-synthesized CoTCPP-TiO2 hybrids were characterized by XRD,SEM,EDX 

mapping, TEM, SAED,IR,DRS,et al. The photocatalytic activity was evaluated by the decomposition of methylene 

blue (MB) under visible-light. The results show that the CoTCPP-TiO2 nanocomposite exhibits superior photocatalytic 

performance to the bare TiO2 and CoTCPP sensitized TiO2 preparing via traditional route upon MB degradation. The 

removal of 10 mg/L methylene blue (MB) over CoTCPP-TiO2 under visible light irradiation can reach about 5 times 

than that of P25. The enhanced photocatalytic performance could be attributed to more effective and easy photo-

excited electrons transportation channels via the chemical bond between the photosensitizer and the surface molecules 

of TiO2. A possible photocatalytic mechanism was also proposed.  
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We have investigated catalytic activity for the methyl methacrylate (MMA) polymerisation in the presence of catalysts 

transition metal complexes and co-catalyst modified methylaluminoxane (MMAO). Several groups of a series of 

ligands, namely, N,N'-bidentate N-cycloalkyl 2-iminomethylpyridine, N,N’-bidentate N-(pyridin-2-ylmethyl)aniline, 

N,N’,N-tridentate N,N-di(2-picolyl)cycloalkylamine, N,N’,X-tridentate N-substituted 2-iminomethylpyridine and 2-

iminomethylquinoline and N,N'-bidentate or N,N',N-tridentate N’-substituted N,N-bis[(1H-pyrazol-1-

yl)methyl]amines have applied to the transition metals such as cobalt, copper, zinc, palladium, and cadmium, to give 

a series of the corresponding transition metal complexes. All complexes were characterized by spectroscopic methods 

and X-ray crystallography. Their activity for the MMA polymerization was reached the order of 105 (g PMMA)/(mol 

cat)·h at 60°C and syndiotacticity of poly(methylmethacrylate) (PMMA), characterised by 1H NMR spectroscopy, 

was ca. 0.73. 

Keywords: catalysis, polymerization, methyl methacrylate, transition metal complex 

[1] SONG, Y., NAYAB, S., JEON, J., PARK, S. H. & LEE, H. 2015. Cadmium(II) complexes containing N’-substituted N,N-di(2-

picolyl)amine: The formation of monomeric versus dimeric complexes is affected by the N’-substitution group on the amine moiety. 
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The large consumption and depletion of non-renewable fossil fuels such as coal, petroleum, oil, and gas, and increasing 

global warming issues have triggered the urgent necessity to develop highly efficient, environmentally friendly, and 

sustainable energy sources[1,2]. Hydrogen fuel has been long regarded as a promising clean and sustainable alternative 

to fossil fuels in the future [3, 4]. The solar-driven photocatalytic water splitting process, to produce hydrogen with high 

product purity with a simple process and little pollution, has been recognized to be one of the most promising ways 

for energy conversion.[5, 6]  However, for efficient solar-driven water splitting and to explicate the photocatalytic 

water splitting technology towards industrialization, finding active photocatalysts with high stability and efficiency is 

of paramount importance[7]. 

In this study, for the first time we designed a highly efficient and stable noble metal-free CdS/WS2-MoS2 

nanocomposite through a facile hydrothermal approach. When assessed as a photocatalyst for water splitting, the as-

synthesized CdS/WS2-MoS2 nanostructures exhibited remarkable photocatalytic hydrogen evolution performance and 

impressive durability. We achieved an excellent hydrogen evolution rate of 209.79 mmol·g–1·h–1 under simulated 

sunlight irradiation, which is higher than those of CdS/MoS2 (123.31 mmol· g–1·h–1) and CdS/WS2 (169.82 mmol· g–

1·h–1) nanostructures, and the expensive CdS/Pt benchmark catalyst (34.98 mmol· g–1·h–1). The apparent quantum 

yield reached 51.4% at 425 nm in 5 h. Furthermore, the obtained hydrogen evolution rate is better than those of several 

noble metal-free catalysts reported earlier. The observed high rate of hydrogen evolution and remarkable stability may 

be due to the ultrafast separation of photo-charge carriers and transportation between the CdS nanorods and the WS2-

MoS2 nanosheets, thus increasing the number of electrons involved in hydrogen production. We believe that the 

proposed designed strategy will may open a new door to design advanced noble metal free photocatalytic materials 

for efficient solar driven hydrogen production.  

 

Fig1. Schematic illustration of the formation process of CdS/WS2-MoS2 nanocomposites. 
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Heterogeneous photocatalysis using TiO2 based nanomaterials is regarded as a promising approach for environmental 

remediation as it can promote both organic pollutants photodegradation and photo-assisted heavy metal ions removal 

[1].  However, the overall efficiency of photocatalytic processes is still low and there is great interest in the 

development of highly active photocatalysts for such environmental applications. Preparation of nanocomposites 

based on TiO2 nanoparticles and other functional inorganic compounds is a very interesting strategy to improve the 

performance of these photoactive materials, as it allows tailoring TiO2 nanostructured materials physical properties, 

as well as combination with more suitable electronic and catalytic properties [2]. In this study, we report the 

preparation of enhanced nanostructured photocatalysts by the sol-gel synthesis of SiO2@TiO2 core-shell particles and 

their further modification with Iron Ferrocyanide (Prussian Blue or PB).  SiO2@TiO2 particles were prepared by the 

grafting and controlled hydrolysis of titanium isopropoxide on the surface of silica particles in ethanol/isopropanol 

mixtures [3] and further modified with PB by photodeposition method [4]. Characterization by electron microscopy 

and XRD analysis evidenced the formation of the core-shell particles by coating of SiO2 submicron spheres with 

porous TiO2 shells constituted of anatase nanocrystals, while modification with PB was confirmed by FTIR, 

Mossbauer spectroscopy, XRD and XRF elemental composition analysis. SiO2@TiO2 particles exhibited superior 

photocatalytic activity for Crystal Violet dye degradation compared to unsupported TiO2 nanoparticles of similar size, 

which is attributed to improved adsorption of dye molecules, efficient light harvesting and better dispersion of the 

silica-supported anatase nanoparticles [3]. Further improvement of the photocatalytic activity of SiO2@TiO2 is 

observed upon calcination at 800-10000C due to increase in crystallinity, while a drastic decrease in photoactivity is 

observed for calcined unsupported titania caused by almost complete conversion of anatase into rutile and significant 

loss of specific surface area. Additionally, Prussian Blue modified samples showed enhanced photocatalytic activity 

for Cr(VI) reduction, achieving a 98% removal of hexavalent chromium for a 10mg/L Cr(VI) solution in deionized 

water (pH =5,6) after 1h exposure to UV radiation. The photoactive behavior of SiO2@TiO2-PB material is based on 

the photo-reduction of PB to Prussian White (PW) triggered by interband photo-excitation of the TiO2 nanoparticles. 

By acting as electron receptor and mediator, the PB layer promotes effective charge separation in the titania interface, 

thus resulting in increased photocatalytic reduction activity.  

 

Keywords: Photocatalysis, SiO2, TiO2, Prussian Blue, sol-gel 
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Interfaces of oxides and metal nanoparticles have shown extensive potential for accelerating various catalytic 

processes, via direct participation1-3 or the strong metal-support interaction (SMSI).4 To tune the catalytic activity and 

selectivity, rational control of interfacial structures has been a long standing goal in catalysis, in particular for powder 

supports used in practical catalysts. Motivated by a recent experimental study,5 we demonstrate a “bottom-up” 

approach to understand the epitaxial growth of the ceria nanoarrays on Anatase (A)-titania powders based on density 

functional theory (DFT) calculations. According to our results, the delicate balance in the relative rigidity of A-TiO2 

facets, the CeO2-CeO2 interaction energy, surface energy of CeO2 facets, and the TiO2-CeO2 interface formation 

energy controls the growth behavior of ceria nanoarryas on A-TiO2 powders. We then extend the study to show that 

added Pt atoms preferentially nucleate at the TiO2-CeO2 interface allowing them to potentially participate in the 

catalysis at the Pt-CeO2-TiO2 multi-phase interface. Experimental observation confirms the strong geometric 

correlation between the CeO2 architectures and the and deposited Pt clusters. Our results pave the way towards the 

rational design of practically relevant nanomaterials with enhanced stability and functionality.6 

 
1. Cargnello, M.; Doan-Nguyen, V. V. T.; Gordon, T. R.; Diaz, R. E.; Stach, E. A.; Gorte, R. J.; Fornasiero, P.; Murray, 

C. B., Control of Metal Nanocrystal Size Reveals Metal-Support Interface Role for Ceria Catalysts. Science 2013, 341 

(6147), 771-773 

2. Green, I. X.; Tang, W.; Neurock, M.; Yates, J. T., Spectroscopic Observation of Dual Catalytic Sites During 

Oxidation of CO on a Au/TiO2 Catalyst. Science 2011, 333 (6043), 736-739  

3. Rodriguez, J. A.; Ma, S.; Liu, P.; Hrbek, J.; Evans, J.; Pérez, M., Water-gas shift Reaction on inverse CeOx/Au(111) 

and TiOx/Au(111) catalysts: Active role of oxide nanoparticles. Science 2007, 318, 1757-1760 

4. Campbell, C. T., Catalyst-support interactions: Electronic perturbations. Nat. Chem. 2012, 4 (8), 597-598 

5. Johnston-Peck, A. C.; Senanayake, S. D.; Plata, J. J.; Kundu, S.; Xu, W.; Barrio, L.; Graciani, J.; Sanz, J. F.; Navarro, 

R. M.; Fierro, J. L. G.; Stach, E. A.; Rodriguez, J. A., Nature of the Mixed-Oxide Interface in Ceria–Titania Catalysts: 

Clusters, Chains, and Nanoparticles. J. Phys. Chem. C 2013, 117 (28), 14463-14471. 

6. Kim, H. Y.; Hybertsen, M. S.; Liu, P. Controlled Growth of Ceria Nanoarrays on Anatase Titania Powder: A Bottom-

up Physical Picture. Nano Lett. 2017, 17, 348-354. 
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Metal nanoparticles enable pseudohomogeneous catalytic reactions in solution while retaining excellent sustainability 

and activity. Borohydride and its derivatives are frequently used as a hydrogen source. Meanwhile, the reduction of 

4-nitrophenol (4NP) by borohydride has been frequently used to examine the catalytic activity of metal nanoparticles. 

However, the mechanism of these reactions is not very clear yet. For example, such reactions are mostly accompanied 

by an induction time. The cause of the delay and the science beneath the delay is still under debate. In addition to 

screening of potential nanoparticles, researchers have put effort into studying the mechanism that promotes catalytic 

efficiency. When we screened the catalytic activity of metal nanoparticles, we found that the spontaneous hydrolysis 

of borohydride anions played a more important role in determining the catalytic reaction than the metal nanoparticles, 

in which neutral intermediates were formed. The intermediate was able to donate active hydride to nanoparticles 

instantly upon contact. Activated metal nanoparticles showed a hugely different catalytic tendency towards hydrogen 

generation and nitrophenol reduction. The existence of induction time implied that a certain part of reducing power 

was wasted before the reducing agent started to work.1, 2 Our research indicated that minimizing the charge repulsion 

between the reactants in designing reducing agents and catalysts was an alternative to increase the reaction efficiency. 

1. S. Choi, Y. Jeong and J. Yu, Catalysis Communications, 2016, 84, 80-84. 

2. S. Choi, Y. Jeong and J. Yu, Rsc Advances, 2016, 6, 73805-73809. 
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Synthesizing microporous materials MCM-22 and mesoporous materials MCM-41 and SBA-15 substituted Ti in the 

framework. Characterizing obtained samples by many physical chemistry measurements. Investigating their activity 

of these catalysts on oxidation of -pinene and ethyl oleate. Study of the effecting conditions on the reaction: nano 

size of materials, temperature reaction, time reaction...give high selectivity to high valued products such as epoxit, 

hydroxyls. 

Acceptance ID: X3UK-P 

  



 

 496 

Copper Oxide supported on Mesoporous Titania for Catalytic CO Oxidation   

 
Abdallah F.  Zedan and Siham Y. AlQaradawi 

Department of Chemistry and Earth Sciences, Qatar University, Doha 2713, Qatar 

siham@qu.edu.qa 

The heterogeneous catalytic oxidation of carbon monoxide to carbon dioxide is an important reaction for CO removal 

in many environmental and industrial applications such as in purification of hydrogen from CO traces in polymer 

electrolyte membrane fuel cell systems and removal of toxic CO from flue gas emissions. Precious metals such 

supported on reducible metal oxides have been known for their high catalytic activity for CO oxidation but they are 

expensive and their activity is subject to rapid deactivation particularly at high temperatures due to particles sintering. 

Therefore, there is a great need to develop non-expensive, active and durable catalysts for catalytic CO oxidation at 

low temperature. Herein, we fabricated a series of efficient CuO nanocatalysts supported on anatase TiO2 nanotubes 

and studied their activity and stability toward the catalytic CO oxidation. In order to understand the effect of Cu 

content on the defects structure of the TiO2 nanotubes support and on the catalytic activity, a series of CuO/TiO2 

nanotubes catalysts with different Cu loading from 2-65 wt.% were prepared and tested for CO oxidation. We 

demonstrated the influence of CuO modification in the increased formation of defects in the TiO2 nanotubes matrix 

possibly due to the partial reduction of Ti4+ into Ti3+ in the TiO2 support which could increase the catalytic activity 

for CO conversion due to synergy between active sites at Cu and TiO2 entities. The best catalyst demonstrated CO 

conversion rate of 36 µmole s-1 g-1, apparent activation energy of 81.98±1.64 kJ mole-1and a stable performance for 

60 h in continuous stream.   
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Graphene has become an ideal candidate for the development of solid state nanopore due to its atomic thickness, high 

mechanical strength and strong chemical stability. A facile method was adopted to prepare single- and multi- graphene 

nanopore supported by PET membrane (G/PET nanopore) within three steps assisting with swift heavy ion irradiation 

and asymmetric etching technology.  

The reversion of ion rectification effect was confirmed in G/PET nanopore while comparing with bare PET nanopore 

in KCl electrolyte solution. By modifying the wall charge state of PET conical nanopore with hydrochloric acid from 

negative to positive, the ion rectification effect of G/PET nanopore was extremely enhanced and the giant rectification 

ratio up to 190 was obtained. By comparing the “on” conductance and “off” conductance of G/PET nanopore while it 

was immersed in the solution of pH value lower than isoelectric point of etched PET (IEP, pH=3.8), the voltage 

dependent of “off” conductance was established and it was confirmed that the giant rectification effect was strongly 

related to the particularly low “off” conductance at higher applied voltage. 

    The permeation ratio of ions strongly depends on the temperature and H+ concentration in the driving solution. An 

electric field can increase the permeation ratio of ions through the graphene nanopores, but it inhibits the ion selective 

separation. Meanwhile, excellent metal separation effect was also confirmed and was attributed to the ion exchange 

between metal ions and protons on the two sides of graphene nanopores. 
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The electrons in graphene behave as Dirac Fermions and have a very high mobility. The linear electronic band 

structure of graphene and the low density of states near the Dirac points allow that the Fermi level of graphene is 

highly tunable. The junction formed by graphene and semiconductor is ultrashallow and near the graphene layers. 

Those merits make graphene/semiconductor heterostructure highly efficient for optoelectronic devices. We have 

realized plasmon enhanced graphene/GaN light emitting diodes through inserting Ag nanodots into the interface 

between graphene and GaN1. Through introducing the ideas of plasmon enhanced absorption, photo-induced doping 

and field effect, we have achieved a high efficient graphene/GaAs solar cell with a power conversion efficiency of 

18.5%, which can be further improved to 25% according to the simulations2,3. As an important family member of 2D 

materials, MoS2 based solar cell and photodetector should be optimized for practical implications. By designing the 

interface between MoS2 and GaAs, we have achieved nearly 10% efficient solar cells and photodetectors with 

extremely high-detectivity4,5. Graphene is also a monolayer of honeycomb carbon, the interface between graphene 

and piezoelectronic material can largely influences the electronic properties of graphene. Through understanding the 

interaction between water, graphene and piezoelectronic substrate, we have achieved the electricity output through 

flowing DI water over graphene/piezoelectronic material heterestructure6.  

1, Z. Q. Wu, Y. H. Lu, W. L. Xu, Y. J. Zhang, J. F. Li, S. S. Lin*, Surface plasmon   enhanced graphene/p-GaN heterostructure 

light-emittingdiode by Ag nano-particles, Nano Energy 30, 362 (2016). 

2, S. S. Lin*, Z. Q. Wu, X. Q. Li, Y. J. Zhang, S. J. Zhang, P. Wang, R. Panneerselvam, J. F. Li*, Stable 16.2% Efficient Surface 

Plasmon-Enhanced Graphene/GaAs Heterostructure Solar Cell, Adv Energy Mater, 6, 1600822 (2016). 

3, X. Q. Li, W. C. Chao, S. J. Zhang, Z. Q. Wu, P. Wang, Z. J. Xu, H. S. Chen, W. Y. Yin, H. K. Zhong, S. S. Lin*, 18.5% efficient 
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Although the recently discovered monolayer transition metal dichalcogenides (TMDCs) exhibit novel electronic and 

optical properties, fundamental physical issues such as the quasiparticle band-gap tunability and substrate effects 

remain undefined. Herein, we present the first report of a quasi-one-dimensional periodically striped superstructure 

for monolayer MoS2 on Au(100). The formation of the unique striped superstructure is found to be mainly modulated 

by the symmetry difference between MoS2 and Au(100) and their lattice mismatch. More intriguingly, we find that 

the monolayer MoS2 is heavily n-doped on the Au(100) facet with a bandgap of 1.3 eV; the Fermi level is upshifted 

by ~0.10 eV on the ridges (~0.2 eV below the conduction band) in contrast to the valley regions (~0.3 eV below the 

conduction band) for the striped patterns. This tunable doping effect is considered to be mediated by the weak/strong 

coupling effects between MoS2 and Au(100) with respect to the ridge/valley regions. Additionally, an obvious bandgap 

reduction is observed in the vicinity of the domain for monolayer MoS2 on Au(100). This work should therefore 

inspire intensive explorations of adlayer-substrate interactions and their effects on band-structure engineering of 

monolayer MoS2.  

 

 
Fig. 1: The Scanning Tunnelling Microscopy/Spectroscopy of the MoS2 on Au(001) 

[1] Xiebo Zhou; Yanfeng Zhang*, Acs Nano 10, 3461-3468 (2016). 
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and pharmaceutical development  

K. Hervé-Aubert1, M. Pacaud1,2, N. Aubrey3, E. Allard-Vannier1, A. Ignatova4,5, I. Dimier-

Poisson3, A. Fahmi2, A.V. Feofanov4,5, and I. Chourpa1 

1EA 6295 Nanomédicaments et Nanosondes, Université F. Rabelais de Tours, Tours, France.  
2Faculty Technology and Bionics, Rhein-Waal University of Applied Sciences, Kleve, Germany. 

3IPVBAI - UMR 1282 ISP INRA, Université F. Rabelais de Tours, Tours, France. 
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Monge, 37200 Tours, France. 

Recent nanotechnology progress allows one to combine in the same nanosystem several physical properties useful for 

its use as agent (probe) for multimodal biomedical imaging. The multimodality is intended to improve the diagnosis 

specificity/efficacy. For instance, there are well-defined benefits of detecting cancer cells by complementary use of 

magnetic resonance imaging (MRI) and optical imaging in near infrared (NIROI). The NIR light (wavelength from 

700 to 1100 nm) is less attenuated by biological tissues than visible light and induces almost no autofluorescence 

background. The high-resolution 3D MRI data may serve for pre-operative diagnosis without patient exposure to 

ionising radiation, while the in situ cancer cells identification by means of NIROI can be helpful for intra-operative 

guidance of surgeon. However, this type of applications requires development of injectable nanoprobes, being able 

not only to provide the dual MRI-NIROI response, but also to selectively accumulate in target cancer cells.  

In the present talk, we will present our recent results on development of the injectable cancer-targeting MRI-NIROI 

nanoprobes based on inorganic core and organic shell. The inorganic cores are made of superparamagnetic iron oxide 

nanoparticles (SPION), coated or not with a plasmonic gold surface. The SPION are known to provide a negative 

contrast in MRI, while the plasmonic gold surface is able to enhance the optical response (fluorescence emission, 

Raman scattering) of organic dyes adsorbed on it1.  Rational design of the nanoprobes includes engineering of the 

multifunctional nanocores and coating them with organic shell made of polymers, fluorophores and biological 

targeting ligands (folic acid2, scFv antibody fragments3). We will also describe our pharmaceutical development 

strategy which implies a careful control of the nanoprobes quality and optimization of their biological behavior, 

namely cancer cells targeting, internalization, intracellular interaction/toxicity and multimodal imaging.  

This work was partially supported by grants RFBR 16-54-76013, BMBF 01000812D and MENESR project N°321 

MINERVA in the frames of European program ERA-NET RUS PLUS. 

 

 Keywords: SPION, plasmonic surface, scFv, MRI, optical imaging.  
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Nano-porous silica (NPS) has a nano-porous structure uniform in pore size about 1 nanometer and having a large 

specific surface area. Then NPS is expected as sustained drug release carrier, catalyst support and so on. We 

investigated whether NPS was effective as a dental material. Specifically, we prepared the NPS contained glass 

ionomer cement, which is a medical material used as matrix, (denoted as GIC-NPS), and their calcium charge and 

release behaviors were determined. NPS was synthesized in accordance with the protocol described by Tagaya[1]. 

The GIC-NPS specimens (1 mm in thickness and 10 mm in diameter) were immersed into the calcium chloride 

solutions of 5 wt% calcium concentration for 24 h at 37 ºC. After removal from the calcium solutions, they were rinsed 

with distilled water. Then the obtained specimens containing calcium were immersed into 5 mL of distilled water at 

37°C for 7 days. Distilled water was changed every day; the water was analyzed to determine its calcium ion release. 

Calcium ion release was measured each day using inductively coupled plasma atomic emission spectroscopy (ICP-

AES). To understand the distribution of calcium in the specimens, they were analyzed using an energy-dispersive X-

ray spectroscope (SEM-EDS). As a result, GIC-NPS showed significantly much calcium ion release compared to 

control. SEM-EDS observation indicated that calcium was contained inside of the specimens and the distribution 

decreased from the surface to inside, suggesting calcium penetration and charge into  GIC-NPS inside. These results 

show that GIC-NPS has the ability of calcium charge and release. It may become the materials helping 

remineralization of bone and tooth.  

Keywords: Nano-porous silica, calcium charge and release, glass ionomer cement 
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luminescence properties of Eu (III)-doped nanoporous silica spheres. J. Colloid Interf. Sci. 363,456-464. 
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Controllable synthesis of carbon nanotubes (CNTs) with consistent chirality and high areal density remains a 

challenge. Here, we report a novel route towards consistent-chirality synthesis of CNT aggregates by entangling an 

individual monochromatic ultralong CNT with an ‘acoustic-induced vortices’ [1] or ‘magnetic-controlled flow’ [2] 

method. Each as-synthesized high-density CNT tangle was made of one self-entangled CNT with the length over 100 

mm, tandem with a 1~10×104 µm2 area range controlled by a minimum consumed energy model. Rayleigh and Raman 

characterization demonstrated chiral-consistency of these CNT tangles with a consistent color and RBM mode, 

providing a feasible method of directly separating those with specific chirality according to their colors. Also, electron 

scattering offset between overlapped CNTs was calculated from a Raman mapping for a CNT tangle [2]. Transistors 

fabricated with one tangle had an on/off ratio up to 103~106 at 4 mA on-state current, which is also the highest record 

so far among single-CNT-based transistors. 

Keywords: ultralong carbon nanotubes, chirality, entanglement, CNTFETs 
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P., LIMING, D., FEI, W. 2016. Acoustic-assisted assembly of an individual monochromatic ultralong carbon nanotube for high 

on-current transistors. Science Advances, 2, e1601572. 
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Recently a demand for development of magnetic material has been remarkably increases owing to their application in 

new emerging technologies [1]. M-type barium hexaferrites (BaM) with magnetoplumbite structure is an imperative 

magnetic material with a wide range of usage in several applications due to their chemical stability low-cost and 

tunable electrical and magnetic properties, e.g. magnetic recording media, telecommunications and microwave devices 

[1]. Up to now, many studies have been carried on ferrites to investigate dopant variation impact on magnetic and 

microwave characteristics of in order to find new application for them in new technologies. 

In this research study, multi dopant barium hexaferrites nanoparticles with nominal composition of BaCoxCuxZr2xFe12-

4xO19 (x= 0.0, 0.1, 0.2, 0.3, 0.4, and 0.5) was prepared using sol-gel auto-combustion method. Then, the magnetic and 

microwave properties of nanoparticles were studied in detail. These characteristics were investigated using various 

techniques including X-ray diffraction (XRD) by the FULLPROF program, Fourier transform infrared spectroscopy 

(FTIR), transmission electron microscopy (TEM), vibrating sample magnetometer (VSM) and vector network 

analyzer (VNA). The XRD, along with FTIR evaluations confirmed successful substitution of Co, Cu and Zr cations 

in the barium hexaferrite lattice. The VSM analysis proved that by increasing cobalt, copper and zirconium 

substitutions, the saturation magnetization, coercivity and remanence values are decreased. With an increase in 

concentration of Co-Cu-Zr ions, a monotonic reduction in coercivity, ranging from 3350 Oe to 420 Oe was also 

observed. The causes for the changes in magnetic and microwave absorption properties by adding the impurities were 

also investigated. It was found that the bandwidth and RL of the samples is changed with increasing the concentration 

of dopants, and the samples with higher concentration showed an effective microwave absorption performance, and 

as a result, they could be counted as a single layer attenuator materials candidate for microwaves applications. 

Likewise, the samples with lower concentration of dopants could be used in magnetic recording media. 

Keywords : Substituted Barium hexaferrite; Magnetic properties; Microwave absorption. 

[1] Pullar, Robert C. "Hexagonal ferrites: a review of the synthesis, properties and applications of hexaferrite ceramics." Progress 

in Materials Science 57.7 (2012): 1191-1334. 

[2] Nikmanesh, Hossein, et al. "Positron annihilation lifetime, cation distribution and magnetic features of Ni 1− x Zn x Fe 2− x 

Co x O 4 ferrite nanoparticles." RSC Advances 7.36 (2017): 22320-22328. 
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Fig. 1. Typical Rietveld refinements of XRD data (x=0). 

 

Fig. 2. The VSM curves of BaCoxCuxZr2xFe12-4xO19 at various amount of substitution (x). 
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Fluorescent Carbon nanoparticles, also known as carbon dots, are a new member of the carbon family. These 

nanoparticles have been proved useful in diverse applications including bio-imaging, drug-delivery, molecular 

sensing, optoelectronics and photovoltaics. Especially, it has been extensively used as an imaging probe in live cells 

due to their non-toxic nature. The mechanism of bright photoluminescence is yet not understood clearly due to 

unavailability of the structural detail. Their excitation dependent emission, which gives rise to multicolor emission, is 

also remained elusive till date. These are the major challenge for advancement in the field of carbon dots towards their 

industrial scale applications. We have used time-resolved spectroscopy to discover that the photoluminescence of 

carbon dots is in-homogeneously broadened. We found spectral migration of fluorescence spectra at nano-second time 

scale. This excited state dynamics was found to be controlled by excited state protonation process coupled with solvent 

relaxation. This slow energy relaxation, gives rise to spectral migration of the time resolved emission spectra in 

nanosecond time scale and excitation dependent fluorescence emission in steady state fluorescence, apparently 

violating the kasha's rule. We prove that photoluminescence in carbon nanodot originates directly from oxygenated 

functional groups, which are solvent accessible, and therefore, invariably sensitive to the environment. Due to this, 

fluorescence of carbon dots can be easily controlled by tuning the pH and the polarity of the solvent. We also solved 

the structure of carbon nanoparticles, derived from citric acid, using X-ray crystallography of single fluorescent 

crystals, coupled with Nuclear Magnetic Resonance Spectroscopy (NMR). We discover that the crystalline cores of 

the nanoparticles are periodic arrangement of small molecular units containing carbonyl groups. Finally we achieved 

reversible photo-switching of single fluorescent carbon dots using single molecule technique. The single molecule 

fluorescent fluctuations were tuned with electron transfer reaction by creating a cationic dark state. With a controlled 

ON-OFF rate of fluorescence blinking, these carbon nanoparticles emerge as a potential probe for localization based 

super-resolution imaging. We are working on specific labeling of these nanoparticles to particular cellular structures 

for their full-scale application as a cheap, bright, and non-toxic imaging probe is near future. We are also working on 

the application of carbon dots in small molecule sensing, in light emitting devices and in solar energy conversion. 

Keywords: carbon dot, time resolved fluorescence, cell labeling, single molecule imaging 
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A facile and green synthetic approach for 

gold nanoclusters (Au NCs) was carried 

using bovine serum albumin (BSA) and 

bromelain and characterized by UV-visible, 

fluorescence spectrophotometer, FT-IR and 

HR-TEM. As synthesized BSA-bromelain–

Au NCs illustrate orange-red emission 

under UV light at 365 nm and exhibit 

emission peak at 633 nm when excited at 

490 nm. The emission peak of Au NCs was 

selectively and sensitively quenched by 

Hg2+ ion at 633 nm. The quenching 

mechanism is based on the interaction 

between Hg2+-Au+ interaction1.  The linear 

spectra was carried in the range of 1x10-5 -

100 µM (Fig. 1.) and the calibration graph 

was carried in the range of 1x10-5 -5 µM 

(R2= 0.9903) with the detection limit of 0.66 

x10-5 µM.  

 

Reference 

1. J. Xie, Y. Zheng and Jackie Y. Ying, Chem. 
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Fig. 1. (a) Fluorescence emission spectra of

BSA-bromeain-Au NCs with different concentration of Hg2+

ion in the range of 1x10-5 -10 µM. (b) image of

BSA-bromeain-Au NCs with different concentration of Hg2+

ion in the range of 1x10-5-10 µM.
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Advanced Functional Materials and Devices via Plasmonic Coupling 
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Plasmonics have been recognized as a promising platform that may premise the performance enhancement of diverse 

advanced functional materials and devices. Representative examples include the exploitation of plasmonic 

nanostructures for photovoltaic devices, photodectors, photocatalysis and optical biosensors. It is noted that a universal 

paradigm to construct high-efficiency plasmonic solar cells with long term stability has not been established. In this 

presentation, we propose a few strategies to develop viable plasmonic dye-sensitized solar cells and organic 

photovoltaic devices based on the integration of metal-graphene oxide core-shell nanostructures or lithographically-

induced plasmonic nanopatterns. The development of highly sensitive and selective photodectors has been an 

interesting issue yet to be resolved. We introduce a simple protocol for the fabrication of wavelength-selective polymer 

and perovskite photodiodes with enhanced detectivity/responsivity based on plasmonic effects. Surface plasmons has 

also been exploited to develop visible light active photocatalysis for environmental remediation and solar fuel 

generation via water splitting. We propose a few model photocatalytic systems via plasmonic coupling. Surface 

plasmon based optical biosensors constitute a well-established model that efficiently realized the activity of 

plasmonics for viable optoelectronics. We discuss plasmonic-coupling based concepts to develop optical biosensors 

with enhanced sensitivity. 
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Bi2-x(Lu, Er)xO3 nanoparticle is proposed as a photocatalyst to decolorize C.I. Basic Yellow 28 (BY28) dye solution 

from water under visible light irradiation. To achieve a high removal efficiency, the operational parameters, including 

the amount of Er2O3 (Er) and Lu2O3 (Lu) dopants, photocatalyst dose, and initial dye concentration are examined. By 

applying un-doped Bi2O3 and 0.1% Lu3+, Er3+ co-doped Bi2O3, the decolorization efficiency increases from 48.52% 

to 95.62% after 180 minutes of irradiation, while by using 0.5% Lu3+, Er3+ co-doped Bi2O3, it decreases from 95.62% 

to 56.52%. After 180 minutes, the photocatalytic activity improves at the higher dose of Lu3+, Er3+ with the following 

order 0.1% mol>0.5% mol>un-doped Bi2O3. Increasing the amount of Lu3+ and Er3+ up to a specific optimum value 

of 0.1% mole in the structure of photocatalyst results in an exceeding large space charge layer, through allowing 

visible light penetration into Bi2O3 nanoparticle environment. This makes the recombination of electron-hole pairs 

easier, and lowers the photocatalytic decolorization efficiency. The best decolorization efficiency of 100% is obtained 

in 5 mg/l BY28 with 1 g/l photocatalyst concentration after 180 minutes. Moreover, the effect of initial BY28 

concentration (5, 10, 15, 20, 35 mg/l) on decolorization efficiency is investigated in the presence of  

1 g/l of 0.1% Lu3+, Er3+ co-doped Bi2O3 nanoparticles. The increase in the initial dye concentration 

reduces the decolorization efficiency from100% (5 mg/l) to 91.43% (35 mg/l). The highest 

decolorization efficiency is obtained at 1 g/l photocatalyst concentration (97.62%). 
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Recently, it was shown that it is possible to separate each layer of MAX Phases (Mn+1AXn (MAX) phases (over 60+ 

phases) are thermodynamically stable nanolaminates displaying unusual, and sometimes unique, properties where n 

is 1, 2, or 3, M is an early transition metal element, A is an A-group element and X is C or N with layered hexagonal 

(space group D4
6h–P63/mmc) structure with two formula units per cell) and form 2D solids, MXenes. Different 

investigators have shown that it is possible to fabricate different types of complex chemistries like  Ti2C, TiNbC 

Ti3CNx Ta4C3 Ti3C2, Ta4C3, TiNbC, (V0.5,Cr0.5)3C2, Mo2TiC2, Mo2Ti2C3, Cr2TiC2 and Ti3CNx. Recent studies have 

demonstrated that 2D solids have showed promising properties, for example, clay like properties, intercalation by Li, 

urea, hydrazine, methyl formamide, dimethyl sulphoxide, among others. These novel 2D solids can be potentially 

used for different cutting edge applications in different demanding areas like energy storage, electromagnetic 

interference shielding, reinforcement for composites, water purification, gas- and biosensors, lubrication, and photo-, 

electro- and chemical catalysis. In this presentation, we will demonstrate some of the recent to further engineer the 

2D MXenes, and develop different structures from these solids. 
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TiO2-based photocatalysis is used in several environmental applications including self-cleaning surfaces, air and water 

purification systems as well as sterilization. However, obtaining biocompatible photocatalysts is still a key problem, 

and the mechanism of their toxicity received recently an increased attention. Two types of TiO2 nanoparticles co-

doped with 1% atoms of iron and nitrogen (TiO2-1% Fe-N) obtained under hydrothermal conditions at two different 

pH values of 8.5 (HT1) and 5.5 (HT2), and their cytotoxic effects exerted on human pulmonary and dermal fibroblasts 

were assessed. Our results demonstrated the biocompatibility of TiO2-1 % Fe-N nanoparticles at low doses on lung 

and dermal cells, which may initiate oxidative stress through dose accumulation. Although no significant changes 

were observed between the two tested photocatalysts, the biological response was cell type specific and time- and 

dose-dependent. The viability of both cell types was not affected by the exposure to the two types of TiO2 

nanoparticles, even if an oxidative stress occurred. This was counteracted by the increased activity of antioxidant 

enzymes. GSH levels were not significantly changed, suggesting that photocatalysts were well tolerated. However, 

the lung cells proved to be more sensitive to nanoparticles’ exposure. Taken together, these experimental data provide 

useful information for future photocatalytic applications in the industrial, food, pharmaceutical and medical fields. 
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Monolayer WSe2 is a two-dimensional (2D) semiconductor with a direct band gap, and it has been recently explored 

as a promising material for electronics and optoelectronics. Aligned growth and low field-effect mobility are two of 

the main constraints preventing WSe2 from becoming one of the competing channel materials for field-effect 

transistors (FETs). Here we report a step-edge-guided nucleation and growth approach for the aligned growth of 2D 

WSe2 by a chemical vapor deposition method using C-plane sapphire as substrates. We found that at temperatures 

above 950 ºC the growth is strongly guided by the atomic steps on the sapphire surface, which leads to the aligned 

growth of WSe2 along the step edges on the sapphire substrate. In addition, we also found that controlled heating in 

air significantly improves device performance of WSe2 FETs in terms of on-state currents and field-effect mobilities. 

The underlying chemical processes involved during air heating and the formation of in-plane heterojunctions of WSe2 

and WO3−x, which is believed to be the reason for the improved FET performance. Our works introduced an efficient 

way to achieve the oriented growth and controlled modification of the 2D WSe2 and potentially other 2D materials. 
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Direct observation of the band gap transition in atomically thin ReS2 

L. Plucinski, FZ Jülich PGI-6 

ReS2 is considered as a promising candidate for novel electronic and sensor applications. The low crystal symmetry 

of the van der Waals compound ReS2 leads to a highly anisotropic optical, vibrational, and transport behavior. 

However, the details of the electronic band structure of this fascinating material are still largely unexplored. We 

present a momentum-resolved study of the electronic structure of monolayer, bilayer, and bulk ReS2 using k-space 

photoemission microscopy in combination with first-principles calculations. We demonstrate that the valence 

electrons in bulk ReS2 are - contrary to assumptions in recent literature - significantly delocalized across the van der 

Waals gap. Furthermore, we directly observe the evolution of the valence band dispersion as a function of the number 

of layers, revealing a significantly increased effective electron mass in single-layer crystals. We also find that only 

bilayer ReS2 has a direct band gap. Figure presents the experimental angle-resolved photoemission (ARPES) band 

dispersions of a monolayer and bilayer ReS2 which shows the valence band maximum at Γ̅ only in the case of a bilayer 

film. Our results establish bilayer ReS2 as an advantageous building block for two-dimensional devices and van der 

Waals heterostructures. Further details of this work can be found in Ref. [1]. 
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Figure: Experimental band dispersions of 
monolayer and bilayer ReS2 showing the 
renormalization of the bands near the 
Brillouin zone center. 
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Two-dimensional materials, such as graphene, offer a unique platform for sensing where extremely high sensitivity 

[1] is a priority, since even minimal chemical interactions can cause noticeable changes in electrical conductivity. 

Using the unique properties of graphene as a transducer and its high sensitivity, these sensor devices can be used for 

gas detection where even low concentrations of chemicals are necessary to be detected including air quality control 

for human health. Besides a high sensitivity, also a good selectivity has to be addressed to get a useful sensor device. 

It was already shown that decoration of the graphene surface with metal/oxide nanoparticles can lead to a higher 

selectivity towards certain gases e.g. nitrogen dioxide [2], benzene and formaldehyde [3].  Using a “soft” decoration 

approach, the surface chemistry of the sensing layer could be modified without changing the transducers electronic 

properties [2].   

We have previously found that monolayer graphene is crucial for optimum gas sensitivity [4]. To that end, we have 

shown that the graphene thickness uniformity can be significantly tuned by careful control of the EG/SiC morphology 

[5], in turn leading to high reproducibility of sensors [3]. With the reproducibility of high quality epitaxial graphene 

on silicon carbide (SiC) [6] and a very precise technique for a controlled surface decoration [7], a new route for high 

quality graphene-nanoparticle hybrid sensors was found. Trying different metal/oxide nanoparticles for the decoration, 

the selectivity can be tuned towards optimization for certain applications. Furthermore, a smart operation mode like 

temperature-cycled operation (TCO) [8] can also be used to further enhance sensitivity, selectivity and sensor response 

times, since the working temperature modifies the amount of chemical reactions taking place on the sensor surface.  

A field effect transistor (FET) offers some benefits towards standard resistance graphene sensors but is also a more 

challenging setup due to its complex structure. It was already shown that by using a suspended gate FET, the sensor 

response could be optimized not only by controlling the working temperature and the electric field, but also by 

modulating the gate bias (GBCO).  

The technology of epitaxial growth of graphene on SiC [6] offers a possibility to develop novel 2D systems beyond 

graphene. It has been found that specially reconstructed SiC surfaces offer a unique possibility to arrange catalytic 

metallic materials (e.g. Pt, Pd) on the surface to form macroscopic, electrically continuous 2D metals. Early stage gas 

sensor tests using 2D Pt on SiC shows promise in terms of stronger interaction with certain gases and higher 

temperature stability compared to graphene, while maintaining the extreme sensitivity inherent to 2D materials. 
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The biological synapses are functional links between neurons, through which ‘information’ transmitted in the neuron 

network. The information can be stored and processed simultaneously in the same synapse through tuning synaptic 

weight, which is defined as the strength of the correlation between two neighboring neurons, and the operation is 

collective and adaptive. Although silicon-based complementary metal-oxide-semiconductor circuits have been 

developed to emulate synaptic behaviors, it is still facing significant challenges in large-scale integrations and huge 

energy consumption. Memristive devices, in which the conductance can be retained according to the history of applied 

voltage and current, provide a more promising way to emulate synapses by substantial reduction in complexity and 

energy consumption. Recently, ionic/electronic hybrid three-terminal memristive devices have been introduced. It 

gives a more flexible operation for the signal processing and learning in synaptic circuits. In this work, we investigated 

a lateral three terminal memristive device based on α-phase molybdenum oxide (α-MoO3), a typical two-dimensional 

(2D) transition metal oxides, in ambient atmosphere, and capitalized on the nanoscale device to mimic a biological 

synapse. Ionic liquid was selected as gate terminal, serving as pre-synaptic neuron to generate neurotransmitters. The 

ultrathin α-MoO3 single crystal flake serves as post-synaptic neuron, whose conductance can be modulated. The 

excitatory post-synaptic current, depression and potentiation of synaptic weight, paired-pulse facilitation, the 

transition of short-term plasticity to long-term potentiation have been demonstrated in the three terminal devices. 

These results provide an insight into the potential application of two-dimentional α-MoO3 for synaptic devices with 

high scaling ability, low energy consumption, and high processing efficiency. 
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Given the abundance and nontoxicity of Si and their compatibility with conventional Si technologies, silicon (Si) 

quantum dots (QDs) hold great promise to improve existing Si-based technologies and advance the use of Si toward 

new fields such as wearable and biointegrable electronics. The remarkable electronic and optical properties of Si QDs 

are intimately related to their tunable size in the nanometer-sized regime. We have recently shown that surface 

states[1] and impurities[2-7] also matter for Si QDs. The optimum light emission efficiency of Si QDs exists as the 

QD size varies, resulting from the interplay between the quantum confinement effect and surface effect[1]. We 

demonstrate that localized surface plasmon resonance (LSPR) occurs to both P- and B-doped Si QDs[2-5]. The LSPR 

frequency increases with the increase of the dopant concentration and the decrease of the QD size, highlighting the 

remarkable tunability of LSPR in doped QDs. Regarding the optoelectronic applications of Si QDs, we have made 

progress on the use of Si QDs in the structures of solar cells[8], light-emitting diodes[9] and photodetectors[10]. 
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Intrinsically fluorescent porous silicon (pSi) is being extensively investigated as a functional biomaterial that is 

noncytotoxic, biodegradable, and biocompatible for cancer theranostics, biolabeling, and drug delivery [1,2]. In 

addition to biocompatibility, desirable optoelectronic properties (efficient photoluminescence, long light emission 

wavelength, and large Stokes shifts that can overcome photobleaching under fluorescence imaging) allow pSi to be 

used for deep tissue imaging. Various surface functionalizations of pSi have been shown to allow its use as an agent 

for imaging tumor cells and for targeted drug delivery to the affected cells [2,3]. We have recently reported on the 

surface functionalization, size optimization, and fluorescence response characterizations of conjugated pSi by using 

Y-shaped and single-chain legumain targeting peptides [4]. Legumain is an intracellular lyosomal cysteine protease 

expressed both in normal healthy cells as well as in the tumor microenvironments and tumor cell surfaces of breast, 

colon, and prostate cancers, suggesting its potential as a biomarker for cancer targeting. Here we report our results on 

the stability studies of the functionalized (peptide-conjugated) pSi under physiological conditions (temperature: 20-

50 °C; pH: 6-8; media: serum and PBS) and in vitro characterizations of their breast cancer cell targeting specificity 

and efficiency (using confocal microscopy, flow cytometry, and ELISA). Between the two types of legumain targeting 

peptides studied, the one with more tumor cell targeting specificity and binding efficiency has been identified.  
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Rapid solidification processing of Nd9.4Pr0.6Fe68.5-xB6Co6Ti4.5C4.5Ga0.5 alloys was studied in order to obtain better 

understandings of the ‘‘direct’’ process in which an Nd2Fe14B/ α-Fe type nanocomposite structure is formed during 

the rapid solidification of a melt. Melt-spun ribbons have been prepared at different quenching wheel speeds (15, 20 

and 25 m/s) and investigated for microstructural and magnetic properties. As-spun ribbons were examined by using 

X-ray diffractometer (XRD) with Cu-kα radiation, differential scanning calorimetry (DSC) and vibrating sample 

magnetometer (VSM). Based on the results obtained, it was seen that the higher quenching wheel speed leads to a 

lower grain size and higher amorphous phase amount. Further, it was shown that the Ti and C enhance the glass 

forming ability and increase the crystallization temperature. 
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Controlling and understanding the assembly of colloidal nanoparticles remain a challenging issue for optimizing 

magnetic-plasmonic devices for various applications including sensors, displays, bio-imaging and therapy. A magnetic 

field is successfully utilized to induce the fabrication of multidimensional structures composed of magnetoplasmonic 

particles, which exhibit intriguing optical properties. An effective and highly controlled dip-coating technique for 

fabrication of one-dimensional (1D) structure of magnetoplasmonic particles on large-area surface is proposed by 

combining electrostatic and magnetic dipole interactions. This technique is demonstrated to be a very powerful 

approach to modulate optical properties of magnetoplasmonic particles. Moreover, a magnetic-field assisted coating 

technique for fabrication of two-dimensional (2D) amorphous photonic crystal (APC) film of the magnetoplasmonic 

particles on a filter membrane is proposed. The magnetoplasmonic 2D APC exhibits strong dual reflected colors 

caused by structural scattering and plasmon resonance scattering. The water absorption ability of the membrane and 

the high refractive index sensitivity of plasmon resonance scattering are utilized to fabricate a simple colorimetric 

humidity sensor. Additionally, a mechanical colorimetric sensor that exhibits instantly responses to both bending and 

stretching forces is fabricated by embedding the 2D APC film into PDMS substrate. Because of unique features 

including dual-color characteristic, flexibility and high plasmonic sensitivity, these kinds of platform could be highly 

promising as wearable devices for physical, chemical and biological sensing with naked eye detection.  
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Graphene and its derivatives are continuously gaining interest and being applied to new challenges, as they can provide 

highly adaptable platforms for conjugated systems with complex architectures and unique properties. In this work, we 

report on a new process for the mechanochemically initiated functionalization of graphene sheets using 2-azido-4,6-

dichloro-1,3,5-triazine. With this mechanochemical route, we provide a scalable method for the modification of 

graphene using low concentrations of monoazidated cyanuric chloride, without the need for additional solvent or 

reagents. 

The use of azide moieties as a means for covalent conjugation to graphene sheets is an established synthetic route. 

Azide groups can react with double bonds in graphene or other carbon nanomaterials like fullerenes and nanotubes, 

in a 2+1 cycloaddition reaction.1-3 Recent work in our group has shown the utility of azidated cyanuric chloride for 

convenient preparation of graphene. The two significant advantages over other azides are the low temperatures for the 

reaction, and the stepwise post-modification of the two remaining chlorine groups of cyanuric chloride. This is 

possible because the reactivity of the two chloride groups is discrete, so that simple temperature control can be used 

for sequential activation.1 These multi-functional, two-dimensional nanomaterials could be used for a wide range of 

applications, especially for biological or medical applications, as the post-modification is carried out under mild 

conditions. This can allow for the co-localized conjugation of two distinct functionalities, even biomolecules that are 

too sensitive for many reaction conditions. The benefits of co-localization could be particularly intriguing for 

biosensing and pathogen interaction and/or destruction. 

Mechanochemistry with ball milling has been used to exfoliate graphene and graphene oxide.4-7 Some methods can 

even allow for regioselectivity of oxidized groups.6 Mechanochemistry also has been shown to be useful for the 

modification or functionalization of nanomaterials, offering unique reaction conditions that can open doors for novel 

synthetic routes.6-10 The environment in the milling chamber, combining local temperatures significantly higher than 

the ambient temperature in the mill, and physical factors like extreme sheer or friction forces and high-energy impacts, 

is very distinct from solution chemistry.10,11  

Here, a reaction between prepared graphene sheets and azidated cyanuric chloride (an oily liquid) was conducted in 

(pseudo) solid state via planetary ball milling, without the need for solvent. By controlling the milling parameters, it 

is possible to achieve different degrees of functionality and produce desired products. These can then be stepwise 

post-modified to produce myriad graphene-based composites.  
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Single photon emission is demonstrated from single perovskite nanocrystals (NCs) synthesized from a facile colloidal 

approach to confirm their quantum-emitter nature. Moreover, the photoluminescence blinking and spectral diffusion 

effects are suppressed at the cryogenic temperatures, leading to the observation of bright-exciton fine structure 

splittings in a single perovskite NC. 
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Abstract: Recently, black phosphorus (BP) has attracted great attention because of its unique properties, such as high 

mobility, direct and tunable bandgap. Thus, it has been considered as a promising material for future applications in 

electronic and optoelectronic devices. However, the interface engineering of BP is challenging to the achievement of 

high performance BP field-effect transistors (FETs). In this work, atomic-layer-deposited Al2O3 and AlN layers were 

inserted between SiO2 and BP channel to tune the transfer characteristics of BP FETs. The results indicate that the 

field-effect mobility of the BP FETs improves dramatically compared to the controlled devices without the inserted 

Al2O3 and AlN layers. The interface properties of the FETs were evaluated by low frequency noise measurements. 

Moreover, the capping effects of the dielectric layer on the BP channel were also investigated. 

Keywords: Black Phosphorus, Al2O3, AlN, Atomic Layer Deposition, Field-Effect Transistors 
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Nanomaterials are among the most challenging areas of current scientific and technological research because of the 

variety of interesting changes in their properties at nano-dimension. The preparation of nanoparticles with well defined 

size and morphology is an important challenge for various industrial applications. Multiferroic materials exhibit 

ferromagnetic and ferroelectric properties which may lead to number of applications for future computer memory 

concepts, multiple state memory devices, sensors, spin valves, actuators and transducers etc and play an important 

role in solid oxide fuel cells, catalysts materials for electrodes and chemical sensors. Multiferroic YMO3 (M = Fe, Mn 

& Cr) nanoparticles have been prepared successfully by using polymeric citrate precursor method. XRD studies 

revealed the monophasic orthorhombic structure of YFeO3, YCrO3 and hexagonal structure of YMnO3 nanopowder. 

The TEM and SEM studies showed that the particles are nearly spherical and hexagonal with an average grain size of 

22-77 nm. Highest specific surface areas of nano-sized YFeO3, YCrO3 and YMnO3 were found by using multipoint 

BET surface area studies. UV−visible reflectance studies of YMO3 (M = Fe, Mn & Cr) and photoluminescent 

properties of YMnO3 were studied. The temperature and frequency dependences of electrical properties including 

dielectric constant, dielectric loss and conductivity properties of YMO3 (M = Fe, Mn & Cr) were investigated. The 

room temperature ferroelectric properties of nanocrystalline YMO3 (M = Fe, Mn & Cr) compounds were also reported. 

Magnetic results of YMO3 (M = Fe, Mn & Cr) possesses wasp-waisted, wedge shaped, and normal ferromagnetic loop 

of YFeO3, YCrO3 and YMnO3 respectively with well saturation magnetization (Ms), remanent magnetization (Mr) and 

coercive field. The characteristics of the humidity sensing properties of YFeO3 and YCrO3 and the performances of 

YFeO3 nanoparticles on power conversion efficiency of the dye sensitized solar cell (DSSC) as well as photocatalysis 

for hydrogen evoloution have been also explored. The chemistry of GdFeO3 and GDCrO3 will also be discussed. 
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Abstract: Indium tin oxide (ITO) has been used as one of the representative transparent conducting electrode (TCE) 

due to its high transparency and low sheet resistance. However, it has several problems such as high processing 

temperature, limited indium resources and high preparation costs. [1] Most of all, efficient ITO still have trouble to 

apply to flexible electronic devices because it is mechanically brittle. Therefore it is necessary to develop cost efficient, 

flexible and solution-processible electrodes for flexible optoelectronic devices. Hence many groups have been studied 

conductive polymer (e.g. PEDOT:PSS), graphene, carbon nanotube, and metal nanowires (e.g. AgNWs, CuNWs) as 

an alternative ITO for flexible electrodes. [2, 3] Among them, metal nanowires have attracted considerable attention 

due to their potentials such as excellent opto-electrical property, solution processability and mechanical flexibility. [4] 

Especially, the property of flexibility is an important factor of metal nanowire electrodes because it suited well for 

flexible device applications. 

Here, we synthesize copper nanowires (CuNWs) nanostructure using a hydrothermal process at low temperature (~ 

100 °C), as shown in Figure 1. The shape of copper nanowires was carefully controlled by changing several variables 

such as reaction time, temperature, and amount of reductant. We studied dimension controlled copper nanomaterials 

for conducting ink applications. We will discuss detailed structural, electrical, and optical characteristics of the 

dimension controlled copper nanomaterials. 

 

Figure 1 SEM images of copper nanowire 

 

Keywords: Copper nanomaterials, Cu Nanowire, Conducting ink, Dimension control,  
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Diverse fields which are close to our daily life, including biochemical sensing, human health care, food safety, 

pollution monitoring, homeland security, appeal for developing detection techniques that possess ultrahigh sensitivity. 

One such technique is surface-enhanced Raman spectroscopy (SERS) which can realize an ultrasensitive detection 

even down to single-molecule level. In this work, we theoretically propose a first-ever plasmonic hierarchical 

nanoarchitectures for improved cascaded optical field enhancement (CFE) boosted by sharp nanoridges. Theoretical 

simulations reveal that the magnitude of EM field of the sharp nanoridge enriched hierarchical nanoarchitecture is 

significantly improved in comparison with the similar nanoarchitectures of same nominal structural parameters with 

moderately sharp ridges and no ridges, unveiling that sharp nanoridges are efficient and effective boosters for 

improved CFE. We further show that such state-of-the-art plasmonic hierarchical nanoarchitectures with sharp 

nanoridges was experimentally accomplished by “top-down” etching of dense ion tracks in polymer and self-assembly 

of nanogrooves through physical vapor deposition (CVD). Additionally, we also demonstrate that the sharp nanoridge 

enriched hierarchical nanoarchitectures possess combined advantages in cost-effective and large-area fabrication, 

signal uniformity and reproducibility, mechanical flexibility, and multidirectional responsivity. We expect that such 

intriguing hierarchical nanoarchitectures open up possibilities for real-world SERS applications, especially those at 

complex working conditions. 
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Texture recognition is essential to emulate the tactile sensation of human skin [1] that is obtained from spatial encoding 

with complex process including detection of both pressure and vibration [2]. Emulation of this feature has been 

difficult to attain because spatial resolution at the level of human perception requires integrated matrix architecture 

with the miniaturized sensor elements. Matrix architecture, however, suffers from many practical difficulties including 

wiring, sneaker paths, complex driving circuit, and addressing. Moreover, materials used for the sensor element are 

critically limited for the integration process involving soft materials that are applicable to the artificial skin forms. 

In this paper, we describe a flexible force sensor that can detect surface texture based on single sensor architecture. 

We developed this sensor by taking advantage of the unique electromechanical characteristics of single layer graphene 

(SLG), which is a continuous film with single atomic thickness, and exhibits a piezo-resistive response to local 

deformation. The sensitivity was enhanced by 57% by the introduction of a pressure-amplifying structure (PAS), 

which was a uniform array of micro-structured square pillars. Furthermore, the sensors were able to detect a vertical 

pressure as low as 24 Pa with a fast response of ~ 2 ms for deformation and ~ 3 ms for restoration. Introduction of an 

APFS structure inspired by a human finger print allowed perception of surface texture using a single sensor through 

FFT analysis of the resistance changes due to vibrations induced by the slip motion between the sensor and roughness 

of the interacting surface. Because the spatial resolution of the proposed tactile sensor can be improved by adjusting 

the size and periodicity of the AFPS patterns, the proposed work provides a simple method for surface texture 

recognition at the level of human sensation without the requirement for matrix architecture, which requires high 

density integration technology with force and vibration sensors.   

Keywords: Graphene composite, Graphene absorbent, Hydrophobic coating 
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Flexible electronics have recently attracted much attention for use in wearable devices and biomedical applications. 

For the bendable, stretchable and wearable devices, organic materials have widely been employed as carrier channels 

due to their excellent scalability and flexibility.[1] However, the organic materials exhibit low carrier mobility, easy 

degradation and low device density. To resolve this problem, we propose to use hybrid-dimensional material 

composed of one-dimensional (1-d) inorganic nanostructures vertically grown on two-dimensional (2-d) 

nanomaterials such as graphene films for flexible electronic devices. When the 1-d inorganic nanostructures are used 

as carrier channels of the devices, high carrier mobility and device density as well as excellent stability and reliability 

can be shown. Furthermore, the layered structure of graphene films ensures easy transfer of the materials onto foreign 

substrates such as plastics and excellent flexibility. Nevertheless, poor electrical characteristics and lack of precise 

position control of 1-D nanostructures on graphene hindered to their flexible electronic device applications. Here we 

report position-controlled growth of ZnO nanotube arrays on graphene and fabrication of vertical field-effect transistor 

(FET) arrays for flexible electronics.  

Position-controlled ZnO nanotubes were grown on few-layered graphene films with a submicron hole-patterned SiO2 

growth mask which selectively suppresses nucleation of ZnO. The typical diameters and pitches of the holes were 

100–500 nm and 1–8 micrometers, respectively. Then, ZnO nanotube arrays were selectively grown on SiO2-mask-

patterned graphene films by catalyst-free metal-organic vapor phase epitaxy. The ZnO nanotubes exhibited well-

controlled dimension and position. Furthermore, we fabricated vertical FET arrays using the nanotube arrays. For 

fabrications of metal-semiconductor field-effect transistor (MESFET), a 100-nm-thin Au layer as a Schottky gate was 

coated directly on the outside walls of ZnO nanotube arrays. Then polyimide spacer layer was filled. Finally, the 

device fabricated depositing a thin Ti/Au layer as ohmic contact on the nanotube tips. The device characteristics and 

flexible operation of the vertical MESFET devices will be shown and discussed.  

Keywords: vertical field-effect transistor, flexible, electronics, ZnO, graphene 
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Empowering Seed-Mediated Growth Method for Synthesizing High-Index Faceted Noble Metal 

Nanocrystals  
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Development of synthetic protocols for noble metal nanocrystals with the high-index facet (HIF) is of significant 

interest to the nanomaterial’s scientific community. Such nanocrystals exhibit high density of insufficiently 

coordinated atoms at steps, kinks and ledges on their surfaces which enhanced catalytic activity in comparison with 

low-index faceted NCs (spherical, octahedral and cubic). However, due to the synthetic challenges, to date, limited 

reports are available on the aqueous-phase synthesis of HIF Au NCs where ascorbic acid (AA) is the only reagent that 

was used as a reducing agent. Recently, we reported the dimension-controllable synthesis of elongated tetrahexahedra 

(ETHH) Au nanocrystals (Au NCs) via state-of-the-art seeded-growth method in which tannic acid (TA) was used as 

a mild reducing agent for the first time and those Au NCs were enclosed with high-index {730} facets. [1] Out study 

on the evolution of ETHH Au NCs has shown that these NCs were evolved via cylindrical nanorods as intermediates. 

Remarkably, electrocatalytic oxidation of formic acid revealed a linear dependency between average particle 

dimensions and catalytic activities. Finally, we demonstrate that under similar experimental conditions, simply by 

changing the pH of the growth solution, it is possible to synthesize morphologically identical Au NCs with reducing 

agents intrinsically differed in reduction activities. We anticipate our results to stimulate the use of various other 

organic molecules as mild reducing agents in the seed-mediated growth of HIF noble metal NCs with controllable 

size-property relationship. 

[1] R, Rajendra et al. Nanoscale, 2016, 8, 19224-19228. 
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In this work, the influence of reduction-oxidation cycle to CuO nanoparticles was studied. CuO nanoparticles were 

synthesized by reduction-oxidation cycles with different cycle indexes. The grain size of CuO nanoparticles decreased 

with the increasing of cycle index. The intensity of a characteristic peak (1 1 1) enhanced after three reduction-

oxidation cycles, which indicated that the cyclic process improved the ctystallization property of CuO nanoparticles. 

CuO nanoparticales exhibited higher practical specific charge due to the complete oxidation/reduction of Cu+ during 

the cycles [1-4]. The results of the gas sensing test to ethanol shows the gas sensitivity of CuO nanoparticles was also 

promoted due to the increase of reduction-oxidation cycle. The reduction-oxidation cycle is an effective approach to 

improve the morphology, composition and crystallization property of CuO nanoparticles. We would like oral 

presentation and the abstract to be considered for presentation in the topic “Advances in the Synthesis and 

Characterization of low dimensional, nano and 2D materials”. 

 

Keyword: Reduction-oxidation cycle, CuO mamoparticle, gas sensing 
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The objective of this paper is to present a novel method of preparing magnetic ink belonging to the class of ferrofluids 

which contains magnetic particles with a polar surface active agent known as surfactants, adsorbed on the particle 

surface and thereafter dispersed in an aqueous medium. The magnetic material belongs to the group known as 

magnetite (Fe3O4), typically to those with γ-Fe2 O3 and their likes. They exhibit strong ferromagnetism with properties 

that are nearly isotropic, they often show low coercivity, low hysteresis loss, high permeability, and high electrical 

resistivity. A Ni-Zn ferrite and Mn-ferrite ink were prepared using this method. The ink has a Ph value and total 

dissolved solute (TDS) of about 6.3, 3.78 mS and 5.9, 4.2 mS respectively, measured using OAKTON Ph meter and 

a viscosity of about 7 cPa, 7.4 cPa respectively, measured using Rheosense m-Vroc. The magnetic properties of the 

inks were measured using a microstrip transmission line resonator method. The saturation magnetization of Mn-ferrite 

ink at 300K was 4.2 emu/cm3. This lower value of the saturation magnetization Mn-ferrite compared to the bulk is 

because of the shell-core structure of the surfactant coated ferrite particles. The inks were used to prepare various 

thicknesses ranging from 0.5um to 20um of both Nickle-Zinc ferrite and Manganese ferrite thin films. The surface 

morphology of the thin film was observed using Atomic Force Microscopy (AFM). The AFM image shows a dense 

and relatively smooth film. The microstrip transmission line permeameter approach were used to extract the 

permittivity and permeability of the thin film samples within the frequency range of 50MHz-5GHz. A relative 

permeability of 2.62 was measured of Manganese ferrite thin films on Kapton substrate. 

 

Index Terms: Inkjet printing, magnetic ink, Ferrites, thin film, permittivity, permeability.  
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The major challenges for semiconductor fundamental research and technological development are confined to a 

variety of silicon-based nanostructured systems, thin films, and heteroepitaxy on patterned silicon substrates. The hot 

topics are selective epitaxy for advanced electronic applications, strain engineering in strained layer epitaxy, study of 

spin relaxation, decoherence and dephasing, spin-orbit interaction, development of light emitters, amplifiers and 

detectors, also their coupling with plasmonic materials to manipulate light at the nanoscale on the Si platform, which 

are efficient CMOS-compatible readout schemes.  

The present talk aimed to show results and technology development in Si with Ge quantum dots (QDs). The most 

highly developed technology for fabrication of Ge/Si QDs utilizes strain-driven epitaxy of Ge on a Si(100) surface. 

Ge/Si(100) QDs formed by strain epitaxy exhibit a type-II band lineup. The large (≈0.7 eV) valence band offset leads 

to an effective localization of holes in Ge regions, which represent potential barriers for electrons. Tensile strain due 

to the 4% lattice mismatch between Ge and Si causes splitting in the nearby Si of the sixfold-degenerate Δ valleys into 

the fourfold-degenerate in-plane Δxy valleys and twofold-degenerate Δz valleys along the [001] growth direction. The 

lowest conduction band edge is formed by the Δz valleys yielding the triangle potential well for electrons in Si near 

the apex of pyramidal shape Ge nanocrystal.  

The electron localization in Si is selective advantage of materials on spin relaxation values. The weak spin orbit 

coupling in Si and existence of developed technology to reduce none zero magnetic moment isotopes make provision 

for long decoherence time of electron spin in Si. Even in natural abundance Si the electron coupling to nuclear spins 

is orders of magnitude weaker than in A3B5 materials. The long spin coherence time is the main requirements to select 

materials for spintronic, quantum computation on quantum dot qubits. For selective access to individual qubits needed 

for implementation of one-qubit and two-qubit operations there are many ideas based on magnetic field, coherent 

light, and electric field. One of the ability is to distinguish electrons by g-factor value.  

The main items of the talk are following: 

1. Strain-induced nucleation and epitaxial growth of nanocrystals (quantum dots) with surface modification by a) 

low energy ion-beam action at epitaxy; b) ion-beam-assisted nanoimprint lithography; c) heterophase substrate. 

2. Strain-induced tuning of electron localization, optical and spin properties. Luminescence enhancement, strong 

increasing of photoelectric gain and responsivity. 

3. Spin relaxation in array of tunnel-coupled quantum dots. A few (multi) electron spin localization on one quantum 

dot. g-factor engineering. 

4. Quantum dot photodetectors for near and mid-infrared operation. 

5. Challenges facing fundamental research and technological development. 

The work was funded by Russian Scientific Foundation (grant 14-12-00931). 
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Theranostics based on nanoagents is becoming one of the prospective directions of nanomedicine. However, the 

nanoagents with large sizes are easily recognized and taken up by mononuclear phagocyte system cells exist in vital 

organs such as liver and spleen. The development of ultrasmall nanoagents simultaneously have therapeutic and 

imaging capability as well as rapid renal clearance properties remains an important goal to achieve more efficient 

theranostic platform. By choosing suitable source materials and tuning the molar ratio of the elements, quaternary 

nanocrystals could be endowed with multiple functions without increasing sizes. In our work, ultrasmall Cu2ZnSnS4 

(CZTS) nanocrystals are synthesized as rapid clearance multifunctional theranostic platform for photoacoustic (PA) / 

magnetic resonance (MR) imaging-guided tumor PTT therapy. The obtained CZTS@BSA exhibits excellent in vivo 

photothermal therapy effects due to their efficient NIR absorption and photothermal conversion abilities. The high 

photothermal conversion abilities also make CZTS@BSA an ideal PA imaging contrast agent. Meanwhile, for the 

first time, the prepared CZTS@BSA are reported as an efficient T1 contrast agent for in vivo MR imaging, which 

contributed to the improved longitudinal relaxivity by intrinsic substitutional defects of CZTS. The rapid renal 

clearance in vivo is tracked by PA/MR imaging and confirmed by ICP-MS measurement in organs. In vivo evaluation 

of systematic acute toxicity indicates CZTS@BSA have good biocompatibility to normal tissues and blood, showing 

great promise for the future application.  

Keywords: Cu2ZnSnS4, Theranostic, Photothermal Therapy, Magnetic Resonance Imaging 
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Graphene with various record properties as a candidate for post-silicon electronics has attracted enormous interests in 

the field of two dimensional (2D) materials since it was discovered by Andre Geim in 2004.1,2 Contacts between 

graphene and metals play a significant role in the electrical performance of nanoscale devices and flexible devices 

made of 2D materials.3 The contact resistance is one of the most protuberant problems that hinder applications of 

graphene in electronics. Raman spectroscopy technique as a nondestructive, rapid methodology provides a direct, 

unambiguous identification of the electrical structural changing induced by interactions between various metals and 

graphene. Graphene samples with the same thickness were prepared by mechanical cleavage and identified by optical 

microscopy and Raman spectroscopy.4 Interactions between electrode metals such as Ni (Nickel), Ti (Titanium), Cr 

(Chromium) and Ag (silver) and graphene introduce shifts in G peak and G’ peak. Wetting metals like Ni and Ti form 

metal carbide with graphene, which leads to a red shifts of G peak. This result is not coinciding with the previous 

reports5,6,7 that doping makes blue shift of G peak, and blue shift and split G’ peak by more than 10 cm-1. Cr and Ag 

as non-wetting metals merely blue shift both G peak and G’ peak by 2 cm-1. Our works provide a different 

understanding of the adhesion and the properties between graphene and evaporated metals, which may be benefit to 

reduce contact resistance existed in graphene and other layered materials.  
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Stanene, the Sn version of graphene, has attracted interests because it is predicted to be a 2D topological insulator. In 

this study, we characterized systematically the growth of thin Sn layer on Ag(111) with the varied Sn coverage and 

substrate temperature with LEED, XPS, and STM. Our results showed that the surface alloying of the Sn atoms on 

Ag(111) can occur at a temperature as low as 100 K. The surface alloying results in a disordered surface; the surface 

will not become ordered until the substrate temperature is higher than 400 K. In addition, after the Sn film on Ag(111) 

is annealed at a temperature higher than 400 K, the Sn coverage of the annealed film will not be more than 1/3 ML; 

the excessive Sn diffuses into the Ag substrate. According to our results, the √3 reconstruction may be the only ordered 

phase existing on the Sn/Ag(111) film. 
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Microwave absorbers based on magnetic/dielectric core/shell nanostructures have been a main research focus to 

alleviate electromagnetic (EM) interference and pollution problems in recent years. The deficiency in the generally 

weak absorption, caused by the intrinsically small permeability close to unity and the inadequate EM impedance match 

with the relatively large permittivity, in the L–Ku microwave bands of 1–18 GHz has greatly impeded them from 

commercial uses [1],[2]. These include global positioning systems (GPSs), weather and ship radars, mobile 

communications and satellites, etc.   

In this paper, core/shell/shell-structured Ni/SiO2/PANI (NSP) nanoplates having a plate-shaped anisotropic Ni 

magnetic core coated by a 1st amorphous SiO2 insulating dielectric shell and a 2nd amorphous PANI conducting 

dielectric shell are prepared and their phase, morphology, microstructure, etc. are studied (Figs. 1(a)–(d)). The NSP 

nanoplates are fabricated into three characteristic types of paraffin-bonded NSP nanocomposite rings with vertical, 

horizontal, and random orientations of the easy magnetization planes of the NSP nanoplates in the paraffin binder 

under the presence and absence of a dc magnetic orientation field (Figs. 1(e) & (f)) in order to reveal the effect of 

directional orientation of the easy magnetization planes on their microwave absorption properties. The complex 

relative permeability (𝜇r = 𝜇r
′ − 𝑗𝜇r

′′) and permittivity (𝜀r = 𝜀r
′ − 𝑗𝜀r

′′) of the NSP nanocomposite rings are evaluated 

experimentally and theoretically in the 1–18 GHz range (Figs. 1(e) & (f)). It is found that the easy magnetization 

planes induced by shape anisotropy and oriented by the dc magnetic orientation field in the vertically oriented ring 

result in a general enhancement in permeability of 5–10% in the low-frequency L, S, and C (1–8 GHz) microwave 

bands, while those in the horizontally oriented ring lead to a significant enhancement of 253–3100% in the high-

frequency X and Ku (9–18 GHz) bands, both in comparison with the randomly oriented ring. The observed 

permeability agrees with the theoretical prediction based on the Landau–Lifshitz–Gilbert equation and the 

Bruggeman’s effective medium theory (Fig. 1(e)) [3]. The horizontal and vertical arrangements of dipolar 

polarizations in the vertically and horizontally oriented rings give rise to 25 and 15% enhancement and weakening in 

permittivity, respectively, in comparison with the randomly oriented ring. The enhancement in permeability also 

improve and broaden the microwave absorption in both the vertically and horizontally oriented rings, especially in the 

Ku bands for the horizontally oriented one with ~4 GHz absorbing bandwidth at 7.9 mm thickness and the maximum 

reflection loss (RL) value of -41.8 dB at 17.2 GHz at 8.7 mm thickness (Fig. 2). 

 

Fig. 1. (a) TEM and (b) HRTEM images of a typical Ni nanoplate; (c) TEM image typical NSP nanoplates; (d) HRTEM image of the 

Ni/SiO2/PANI interfaces of the NSP nanoplate in (c); the insets in (b) and (d) are the SAED patterns; (e) Measured (symbols) and 
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calculated (lines) frequency (𝒇) dependence of 𝝁𝐫
′  and 𝝁𝐫

′′ for randomly, vertically, and horizontally oriented NSP nanocomposite rings. 

(f) Measured 𝒇 dependence of 𝜺𝐫
′  and 𝜺𝐫

′′ for randomly, vertically, and horizontally oriented NSP nanocomposite rings. 

 

Fig. 2 2D-contour plots of frequency (f) and thickness (d) dependences of reflection loss (RL) for (a) randomly, (b) vertically, and (c) 

horizontally oriented NSP nanocomposite rings. 

This work was supported by The Hong Kong Polytechnic University under Grant Nos. G-YBPP and G-YBLL. 
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This paper presents the design and simulation of a simple tunable band-pass filter based on graphene in the terahertz 

frequency regime. The tunability properties can be achieved with the help of change in the material properties like 

chemical potential, relaxation time, etc.  which can be varied with the external bias voltage. The characteristic 

impedance values are high in the range of kΩ as compared to non-graphene plasmonic waveguides. 

Keywords: graphene; terahertz; filter; tuning. 
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We demonstrate optically-pumped single-mode deep-ultraviolet lasing operating at room temperature from ~1-μm 

150nm-thick undercut microdisk resonators with AlN/Al0.35Ga0.65N (5.5nm/2.5nm) MQWs on Si platform. The lasing 

mode centers at ~300.1nm with a linewidth of ~1.0nm as the excitation exceeds the lasing threshold as low as ~24.2 

mJ/cm2. The quality factor is about ~300. An emission coupling factor (β) of ~0.92×10-2 is estimated based on the 

light output characteristics of the AlN/AlGaN microdisks with increasing the pumping densities. The lasing peaks are 

attributed to fundamental-order TE whispering-gallery modes (WGMs), confirmed by 3D FDTD simulations. 

The process flow of fabricating the undercut microdisk cavities can be found in the Fig. 1. Similar processing 

techniques can be referred in our previous studies. [1] Fig. 2 shows the 1-μm undercut AlN/AlGaN-based microdisks 

supported on Si from a tilted angle of 75 degree. By zoom-in SEM image, we can observe a very smooth sidewall of 

the fabricated microdisk cavities, which plays a critical role in achieving excellent optical confinement of the 

microdisk cavities for whispering-gallery modes (WGMs) with lower light-scattering loss at the disk edge. Fig. 3 

demonstrates room-temperature PL spectra from AlGaN microdisk with excitation energy densities below and above 

the lasing threshold. When the excitation densities are low, it can be clearly identified the emission from AlGaN 

MQWs centers at 305.3nm, with a bandwidth about 28.4nm. Above the Eth of 24.2mJ/cm2, the spectral peak at a center 

wavelength of ~300.1 nm becomes sharp and dominant throughout the PL spectra, with a linewidth of ~1.0nm. Inset 

shows the xy-plane electric-field energy intensity patterns of first-order WGM (TE) at ~301nm from the 3D-FDTD 

simulations. This work presents a significant step forwards to achieve single-mode operating microdisk lasers on Si 

with emitting wavelengths reaching UVB range by using the AlGaN MQWs as the gain mediums. It is also promising 

to serve as efficient deep UV coherent light sources for the photonic integration of the nitride-based semiconductor 

devices on Si platform.  

Keywords: AlGaN-based microdisk resonators; Whispering-gallery modes; Deep-ultraviolet lasing;   
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Fig. 1 Fabrication process flow of AlGaN-based microdisk lasers on Si. 
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Fig. 2 A single AlGaN-based undercut microdisk resonator on Si. 

 

 
 

Fig. 3 PL spectra from the AlGaN microdisk below and above the lasing threshold. 
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Composite, multifunctional fine particles are bound to be at the frontier of materials science for any foreseeable length 

of time. We have recently pioneered a conceptually new type of submicron composite particle also known as earthicle. 

Earthicle roughly mimics the stratified structure of the Earth, having a zero-valent iron core, silicate/silicide mantle 

and an atomically thin carbon crust resembling the biosphere and its geological remnants. It is synthesized using 

precipitation from aqueous solutions and pyrolysis of citric acid. The ratio between the thicknesses of the metallic 

core, the silicate mantle and the carbon crust is similar to that between the core, the mantle and the crust of the Earth. 

The size of the earthicles ranged from 60 to 500 nm depending on the ionic concentration of the precursors and 

additives. Particles were formulated in a stable colloidal form and made to interact with various types of healthy and 

cancer cells in 2D and 3D in vitro models to observe the uptake, the subcellular localization and the effects on viability 

and morphology. Silica layer typically increased the biocompatibility of the metallic core, but the further addition of 

the carbonic layer reduced it compared to silica-coated iron. Results of cell culture assays carried out in an alternate 

magnetic field (312.75 A/m, 1 MHz) suggested that earthicles could be used for hyperthermia treatments, although 

their properties should be optimized for a more intense effect. A single-cell immunofluorescent analysis of the 

interaction of earthicles with primary fibroblasts and cancer cells demonstrated that the cell uptake and perinuclear 

localization are responsible for the necrotic effect. This analysis also showed that composite Fe/SiO2/C particles may 

have the ability to cause the rupture of the cancer cell nucleus while having a harmless effect on the primary cells. 

Such a selective anticancer activity is promising from the point of view of the intended use of earthicles for tumor 

targeting across the blood-brain barrier. 
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Stacked transition-metal dichalcogenides on hexagonal boron nitride (h-BN) are platforms for high-performance 

electronic devices. However, such vertical stacks are usually constructed by the layer-by-layer polymer-assisted 

transfer of mechanically exfoliated layers. This inevitably causes interfacial contamination and device performance 

degradation. Herein, we develop a two-step, low-pressure chemical vapor deposition synthetic strategy incorporating 

the direct growth of monolayer h-BN on Au foil with the subsequent growth of MoS2. In such vertical stacks, the 

interactions between MoS2 and Au are diminished by the intervening h-BN layer, as evidenced by the appearance of 

photoluminescence in MoS2. The weakened interfacial interactions facilitate the transfer of the MoS2/h-BN stacks 

from Au to arbitrary substrates by an electrochemical bubbling method. Scanning tunneling microscope/spectroscopy 

characterization shows that the central h-BN layer partially blocks the metal-induced gap states in MoS2/h-BN/Au 

foils. The work offers insight into the synthesis, transfer, and device performance optimization of such vertically 

stacked heterostructures. 
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Recently controlling light-matter interactions by nanostructures has attracted much attention, due to both fundamental 

interests and practical applications. In this work, we present the possibilities to realize hybrid light-matter interactions, 

which can effectively achieve hybrid polariton bands in organic-dye-doped nanostructures. We demonstrate 

experimentally the hybrid coupling among molecular excitons, surface plasmon polaritons (SPPs), and Fabry-Perot 

(FP) mode in a nanostructured cavity, where a J-aggregates doped PVA (polyvinyl alcohol) layer is inserted between 

a silver grating and a thick silver film. By tuning the thickness of the doped PVA layer, the FP cavity mode efficiently 

couples with the molecular excitons, forming two nearly dispersion-free modes. The dispersive SPPs interact with 

these two modes while increasing the incident angle, leading to the formation of three hybrid polariton bands. By 

retrieving the mixing fractions of the polariton band components from the measured angular reflection spectra, we 

find all these three bands result from the strong coupling among SPPs, FP mode, and excitons. Besides, we have also 

experimentally explored multimode photon-exciton coupling in an organic-dye-attached photonic quasicrystal. We 

show hybrid strong coupling between multiple photonic modes and excitons in an organic-dyeattached photonic 

quasicrystal. The excitons effectively interact with the photonic modes offered by the photonic quasicrystal, and 

multiple hybrid polariton bands are verified in both experiments and calculations. Our investigations may inspire 

related studies on hybrid light-matter interactions, and achieve potential applications on multimode polariton lasers 

and optical spectroscopy.  
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This reports the high stability and mobility in amorphous oxide semiconductors due to the high Schottky barriers (SB) 

with the deep depletion region. An effect of Schotty barriers and electrical behaviors in a depletion layer of indium-

gallium-zinc-oxide (IGZO) thin film deposited on SiOC gate insulators was investigated. The Schottky potential 

barrier as a depletion region was in inverse proportion to the drain potential. The tunneling phenomenon in 

IGZO/SiOC transistors was showed the ambipolar characteristics with decreasing the drain potential, but the trapping 

conduction was observed the n-type characteristics owing to the majority carriers with increasing the drain potential. 

The unipolar performance of n-type characteristics improved with increasing the drain voltage, in spite of the 

ambipolar properties had good performance in the lower drain voltage. The current at the common Ohmic contact 

increased with increasing the annealing temperature but the Ohmic contact by diffusion currents showed the current 

decreased with increasing the annealing temperature owing to the SB.   

Keywords: XPS, Oxygen vacancy, Depletion region, Ohmic contact, Schottky contact.  
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A quantum capacitor is described for low-power logic operations with ~9aJ/bit energy and fast photodetection based 

on “plasmorons,” unbounded by transport limitations. These are achieved by optoelectrical exploitation of quantum-

exclusive energies of interacting 2D hole plasma. 

OCIS Codes: (250.0250) Optoelectronics; (040.5570) Quantum Detectors; (200.0200) Optics in Computing 
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Silicon carbide(SiC) is a promising material for nuclear application and microelectronic devices, facing neutron and 

heavy ion irradiation. Irradiation inevitably introduces defects into the SiC, which leads to degradation in performance. 

The primary damage states and the production of He and H by neutrons with the spectra of fusion reactor (ITER first 

wall under DT and DD operation), the high temperature gas-cooled reactor (HTGR) and high flux isotope reactor 

(HFIR) were computed and compared. With the same neutron fluence, the DD and DT spectra lead to similar 

displacement damage which is higher than those of the HTGR and the HFIR spectra. The production of He and H in 

the HTGR and the HFIR are comparable, while much higher gas production is obtained in the case of fusion spectra. 

A new method to compare the neutron and heavy ion irradiations was introduced to study the feasibility to emulate 

the 14MeV neutrons irradiation by low energy ions. To best fit the 14MeV neutron irradiation, a scheme of mixed-

ion irradiation was proposed and the weighted primary recoil spectra at the Bragg peak region of the mixed-ion 

irradiation was calculated. The impact of different kinds of point defects on the volumetric swelling and elastic 

modulus of 3C-SiC were studied and results show that there are two different mechanisms for the swelling and 

Young’s modulus. A framework of multi-scale modeling is developed to investigate the long-term evolution of 

displacement damage induced by heavy-ion irradiation in SiC. The annealing behavior of isolated point defects and 

cascade damage is found to be similar, which indicates that the influence of spatial correlation in primary damage is 

insignificant for SiC, when the damage dose is high enough. 6H-SiC were irradiated by 4 MeV Kr-ions, with 

irradiation fluences from 1.0×1016 to 5.0×1016 cm-2 at room temperature, 300℃ and 500℃ respectively (5.0×1016 

cm-2 at 550℃). The irradiation-induced swelling was strictly measured by X-ray Diffraction (XRD) and 3D surface 

profile. The swelling strongly depends on the irradiation temperature and the ion fluence. The surface of RT-irradiated 

samples became rough as a result of crystallizing to amorphous state and no significant modification of surface is 

observed at 300℃ and 550℃ irradiation. He and Kr cavities with a wide range of size distributions are observed in 

He2+, Kr15+ and He2+ + Kr15+ ion-implanted polycrystalline 3C-SiC around their depth profiles following thermal 

annealing at 1600˚C. Processes involving He-vacancy interactions, He trapping and He aggregation at vacancy sites 

are responsible for nucleation and growth of He cavities in SiC at 1600˚C. 
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Supramolecular chemistry may have played critical roles in the origin of life. Mineral surface adsorption and catalysis 

of molecules leads to their evolution and the accumulation of prebiotic materials. While researchers focus on the 

contribution from light metal derivatives to prebiotic chemistry, heavy metals are rarely considered. The heavy metals 

have been existed on primitive Earth and we cannot exclude the possible contribution of heavy metals to the origin of 

life on primitive Earth. But why are they not reflected in modern life? Here we show that, with the interactions between 

silver and nucleobases as a model, ssDNA oligomer-stabilized silver nanoparticles and adenine self-assemble to form 

ring-like compartments similar to the size of modern cells, especially when the aqueous solution of such a mixture 

undergoes drying on a glass surface. However, the silver ions only dismantle the self-assembly of adenine. The 

membrane-like edge of the ring is composed of adenine filaments glued together by silver nanoparticles. Interestingly, 

chemicals are confined and accumulated inside the ring, suggesting that this might be an alternative to the 

compartmentalization of bioactive molecules by the lipid bilayer in the origin of life. 
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The development of novel two-dimensional materials however has revealed graphene-based photodetectors as 

potential alternatives, with competitive ultra-fast operating speeds (102 GHz) and an ultra-wide spectral response (300 

nm-6 μm). However, a low external quantum efficiency and the mere 2.3% absorption of monolayer graphene, remain 

a limiting challenge to practical applications of graphene photodetectors. To solve this problem, graphene has been 

combined with other two-dimensional materials or nanomaterials to increase the optical absorption, such as in 

graphene-MoS2, graphene-ZnO nanorods, and graphene-quantum dots. For a pure graphene photodetector, 

enhancement of the graphene-light interaction has been realized by two methods: localized field enhancement (surface 

plasmon resonance-based graphene photodetector) and interaction-distance increase (graphene-Bragg-mirror-

microcavity type photodetector, graphene-silicon waveguide photodetector). Here, using a traditional Kretschmann 

configuration, we integrate two gold thin films with different graphene samples (monolayer, bilayer, trilayer, 10.0° 

TBG and 12.0° TBG) and place them on a quartz rectangular-prism to form typical MGM architecture photodetectors. 

Analyzing the photoresponse as a function of graphene layer number or twist angle, we find that photovoltage is a 

more useful parameter than photocurrent as a more reasonable physical parameter for characterizing the photoelectric 

response of graphene in MGM architectures. More importantly, we combine an optimization of layer number, twist 

angle, and SPR enhancement to produce a 700% increase in the photovoltage of TBG over normal-incidence-type 

MLG. 
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Two-dimensional electron gas (2DEG) at the interface between the insulating oxides LaAlO3 and SrTiO3 has displayed 

many interesting properties such as superconductivity and magnetic effect. Relating to these 2DEGs at the interface 

between two oxides, many studies have also focused on the enhanced thermoelectric effect at superlattices (crystalline 

layers of modulated dopings) after the suggestion by Hicks, et al. [1]. It was found that a high-density 2DEG confined 

within a unit cell of SrTiO3 shows large thermoelectric Seebeck coefficient, S [2]. This S value could be 5-fold larger 

than the value in bulk while high conductivity was maintained at this performance. In this work, by using Boltzmann 

transport equations, we have performed realistic calculation of Seebeck coefficient based on the experimentally-
extracted band structure. We have used the electronic structure of the two dimensional electron gas (2DEG) at the 

(001) surface of SrTiO3 measured by angle-resolved photoemission spectroscopy (ARPES) (from our previous study 

[3]) and then calculate the tight binding parameters correspondingly to the experimental data. In general, we have 

found that the Seebeck coefficient can increase upon decreasing of the confined length. We will also discuss about 

how to estimate the renormalization effect (e.g. electron-phonon coupling) and how this renormalization factor 

enhances the Seebeck further (where the test calculation in bulk form can be shown to be in agreement with previous 

studies). 

Keywords: thermoelectric Seebeck coefficient, two-dimensional electron gas, SrTiO3 
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Two-dimensional (2D) materials are attractive because they have excellent carrier mobility, flexibility, and 

transparency for novel device applications. Among the 2D materials, the graphene is the most well-known material 

due to outstanding electrical, mechanical and optical properties [1]. In order to utilize these properties for various 

device applications, the fabrication of graphene-based hybrid structures was suggested by many groups. For instance, 

molybdenum disulfide (MoS2) is one candidate for 2D material hybrid structures. Graphene/MoS2 hybrid structure 

was proposed to use for high performance photo-devices [2, 3]. The transfer and annealing processes are required to 

obtain a high quality-hybrid structure. However, the annealing process can give rise to damaging to graphene-based 

hybrid structures owing to thermal expansion coefficient mismatch between hybrid materials.   

In this study, we investigate strain effect of thermal process on the graphene/MoS2 and graphene/hBN hybrid structures 

during annealing from 100 °C to 250 °C under H2/Ar mixture gas atmosphere and ambient pressure. Graphene, MoS2, 

and h-BN flakes were grown by using chemical vapor deposition (CVD) and hybridized by conventional transfer 

method. After annealing of the hybrid structures, AFM and Raman measurements were performed to characterize the 

morphology and structure. Raman measurements showed that G and 2D peaks of the graphene in graphene/MoS2 were 

red-shifted. The Raman shifts indicates that a graphene was received tensile strain in the hybrid structure. However, a 

graphene was given compressive strain after annealing at 200 oC. Furthermore, the morphology of graphene in 

graphene/MoS2 hybrid structure was changed rapidly. On the other hand, Raman peak positions of graphene in 

graphene/hBN hybrid indicated compressive strained graphene after annealing process at various temperatures. The 

strain information of the 2D materials’ hybrid structures during synthesized process will be fruitful to fabricate hybrid 

structure-based novel devices. 
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The microstructure, magentostructural transition behavior, hysteresis loss and the magnetocaloric effect (MCE) of the 

Ni-Mn-Ga single crystalline powders were demonstrated in the present work. Powders with size ~38.5-45 m were 

prepared and normally annealed. Different from our previous work in the Ni-Mn-Ga microwires, the effect of chemical 

ordering annealing at 998 K on the magnetization of the powders showed not much improvement than that of the 

stress relief annealing at 773 K, implying less defects and atomic disorder in the as-ground powders. The hysteresis 

losses of both bulk and powder alloy were examined. A much smaller thermal hysteresis of ~1.3 K and negligible 

average magnetic hysteresis loss of ~ 1.9 J/kg were obtained compared to that of the bulk alloys of ~4.6 K and ~9.7 

J/kg, respectively. The reduction of neighboring grain constraints on volume change during martensitic transformation 

was considered to be the main reason to understand the observed phenomena. A magnetic entropy change (ΔSm) peak 

of ~6.8 J/kgK with full width at half maximum (FWHM) of ~21K was attained at ~315K, yield a high refrigerate 

capacity (RC) value of ~115 J/kg. The broad peak was shown to appear mainly due to the partly overlapped 

magnetostructrual transition state in the powders. The increased surface area of the Ni-Mn-Ga favored the composition 

variation during vacuum annealing that enlarged the martensitic transformation (MT) range also enhanced the FWHM. 

These experiments clearly show that there are two essential ingredients to observe the high broad peak and low 

hysteresis loss: partly overlapped magnetostructural transition and the surface effect of the small-sized single 

crystalline powder. Based on these results a possible approach for the high magnetic refrigeration efficiency is 

expected and discussed. 
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Self-assembling of complex nanostructures such as Y-junctions is a significant issue hindering potential technological 

applications and one-dimensional (1D) Physics exploration. In this contribution we report on the observation of high-

order and two-dimensional mechanisms in the Molecular Beam Epitaxy faceting on high-index GaAs substrates. 

These mechanisms allow the formation of a regular alternating pattern of bifurcated structures, the Y-junctions. Our 

findings indicate that a subjacent long-range elastic interaction (of lateral period 695 nm) is behind the formation of 

the Y-structures of lateral period 60 nm and up to 35 μm long. Finally, we discuss the potential use of the bifurcated 

structures to study one-dimensional electronic transport and as a viable alternative to carbon nanotubes Y-junctions 

for nanoelectronics applications such as ballistic switching and rectification. 
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Processes for integrating precise 2-D arrangements of colloidal nanoparticles into organic electronic devices tend not 

to be universally suitable across the broad spectrum of substrates of choice, rendering it necessary to first deposit the 

array onto a sacrificial substrate and then transfer it to a target one. Although many approaches have been developed 

to address the transfer by chemical and mechanical means [1], we sought a solution to transfer a deterministically 

assembled array of gold nanoparticles formed by polymeric templating, while retaining the geometry-dependent 

plasmonic properties arising from cooperative behavior [2] in a monolayer of ordered nanoparticles.  Thus, we have 

developed a new method for transferring 2-D gold nanoparticle (NP) arrays based on a thermo-responsive polymer, 

poly-N-isopropylacrylamide (pNIPAAm), coating on a polydimethylsiloxane stamp [3]. We demonstrate the transfer 

of NP arrays between silicon wafer substrates with the preservation of array characteristics to within 15%, spanning 

areas of several microns. Through wetting contact angle analysis, atomic force microscopy, and spectroscopic 

ellipsometry, we show that adhesion between the NP array and the pNIPAAm surface is tuned via the temperature-

dependent hydrophilicity of the pNIPAAm surface—i.e., from a more hydrophilic surface for pick up at 5 °C to a less 

hydrophilic character for release at 50 °C. For validating the utility of this transfer process, we demonstrate integration 

of the transferred gold NP arrays into demonstrator bulk heterojunction organic solar cells, showing efficiency 

enhancement from the transferred plasmonic interlayer superior to similar cells containing anodes modified by directly 

templated gold NP arrays [4]. 

Keywords: transfer printing, nanoparticle array, poly-N-isopropylacrylamide (pNIPAAm), plasmonic solar cell 
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The single molecule fluorescence-based optical nanoimaging involves sequential localization of photoswitchable 

fluorophores to achieve the resolution beyond the optical limit of diffraction. A bright, photoswitchiable fluorescence 

probe is a primary requirement for this process. The fluorescent carbon nanoparticles or nano-dots (CNDs) are easy 

to synthesis, non-toxic and cell penetrable nano-materials. These carbon based nanomaterials provide us new 

alternatives among the existing fluorophores due to their superior optical properties such as excitation dependent 

multicolor fluorescence emission. Very few reports are available regarding the single moleculer properties of CNDs, 

among them single molecule blinking based super resolution imaging is rare in literature.  We achieved revrsiable 

photoswitching in CNDs with red emission using an electron transfer mechanism. The CNDs can be switched between 

dark and bright state under exposure of red and blue light respectively by formation of cationic dark state. The natural 

fluorescence switching of the CNDs can be tuned using an electron acceptor or donor molecule. We characterized the 

single molecule fluorescence of three CNDs and observed that all of them showed a long lived dark state in presence 

of an electron acceptor. The average on-off rate in between fluorescent bright and dark state, which is one of the 

important parameter for single molecule localization based super resolution microscopy, were measured by changing 

the laser power. We observed that the photon budget and on-off rate of these CNDs are good enough to get single 

molecule localization with a precision of ~35nm. On the other hand, the CNDs assembled in CTAB-DAO artificial 

templates exhibit stochastic fluorescence on−off switching, due to the excited state electron transfer reaction, under 

single laser excitation in the visible range. The distribution of CNDs in the periphery of these templates enables optical 

nanoimaging of these templets at an average resolution of 80-nm. The CNDs can be used for optical nanoimaging of 

the self-assembly of such artificial nanostructures with sub-diffraction resolution. These CNDs can be surface 

modified by different functional groups for specific binding and our group is working to develop it further for the 

advance bioimaging applications. 

Keywords: Carbon dots, nano imaging, photoswitch, stochastic blinking, electron transfer mechanis.  
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We performed coarse-grained molecular dynamics (MD) simulations of the self-assembly of the mixture of single-

walled carbon nanotubes (SWNTs) and different types of lipids, and the interactions between SWNTs and other 

molecules such as lipids, polyethylene glycols (PEGs), and lipid bilayers. The following topics will be presented: (1) 

effects of lipid structure and PEGylation on the self-assembly of lipids and SWNTs ; (2) interparticle dispersion, 

membrane curvature and penetration induced by SWNTs wrapped with lipids and PEGylated lipids ; (3) membrane 

penetration and curvature induced by SWNTs: the effect of diameter, length, and concentration ; (4) the effect of PEG 

size and grafting density on the conformational transition of PEGylated SWNTs between brush and mushroom. This 

work aids in the rational design of the size and grafting density of PEG chains to increase the drug-delivery efficiency 

for applications in nanomedicine. 
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Highly sensitive accelerometers have multiple applications in industry and science, and can be used as sensors in a 

wide variety of devices. Here, we investigate the application of crossroad-type graphene resonators as ultrahigh 

sensitivity accelerometers by performing classical molecular dynamics simulations. The relationships between the 

resonance frequencies and acceleration could be divided by two regions. The simulation data showed that when the 

accelerations were higher than 0.1 nm/ps2, the resonance frequency increased with increase of the acceleration. In 

particular, acceleration, as a function of frequency, was regressed by a power function and shown to have a linear 

relationship on a log-log scale. Crossroad-type graphene resonators have multiple applications to nanoscale sensors, 

filters, switching devices, and quantum computing, as well as ultra-fast response resonators. 

Acknowledgement: This research was supported by the Basic Science Research Program through the National 

Research Foundation of Korea (NRF) funded by the Ministry of Science, ICT and Future planning 
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New generation of electronic equipments, such as flexible/elastic portable bionic electronic skin, wearing smart 

devices and display products in the future have a huge demand space. Organic field-effect devices have a unique 

advantage in these applications. Organic semiconductors have excellent physical properties, such as low density, small 

Young's modulus, and local jump carrier transmission mechanism. Therefore, organic electronic equipment is light 

weight, flexible, and can be maintained electrical performance under the conditions of deformation. However, for 

these new practical applications, organic devices integration is one of the major scientific issues, and is urgent to 

address to achieve the development of functional organic integrated circuits. 

We propose a new method combining photolithographic electrode arrays with insulating layers. Large-scale electrode 

and device array are obtained by peeling and laminating overlap. The electrode has good flexibility and elasticity, and 

is as light as 4-5 g/m2. Moreover, the electrode is still maintain good electrical performance at the bending radius of 

0.25 mm, the relative deformation of 180%, and can intimately fit to irregular three-dimensional objects showing 

potential application prospects in the stretchable electronic skin, ultra-flexible display. To verify its electrical 

performance, we attach the rubrene single crystal on the electrode to fabricate field-effect device. Its mobility is up to 

20 cm2/Vs whether on the plane or three-dimensional spherical surface. In addition, inverter, NAND gate, and NOR 

gate circuit can be obtained based on a single crystal. 

Keywords: three-dimensional surface, conformal, large-scale electrode, field-effect device, organic micro/nano single 

crystals  
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Microlasers are essential components for integrated optoelectronic devices. The abundant excited state processes in 

organic molecules are helpful for the design of novel laser materials and for the construction of high-performance 

laser devices. In addition, the unique optical properties revealed in the stimulated organic materials provide more 

effective means for the study of their excited state dynamics. We build the four-level energy structure via various 

excited state processes for the realization of microscale lasers with different functionalities. Starting from the design 

and synthesis of organic photofunctional molecules, we constructed microscale resonant cavities with specific 

structures via the controlled assembly of organic molecules, and then study their excited state processes. We achieved 

a type of wavelength tunable microlaser based on the encapsulation of organic dye in metal-organic frameworks 

(MOF), where the polarity controlled population distribution in locally excited state and intramolecular charge transfer 

states enables to tune the lasing wavelength over a wide range. On this basis, we tried to figure out the relationship 

among the molecular structures, crystal structures, excited states, and laser performances, for the final realization of 

multifunctional microlasers. 

 
 

Figure 1. (left) SEM image and electric field distribution of a single organic microwire. (right) Photoluminescence image of a single 

dye@MOF crystral. 
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In this work, room temperature H2S gas sensing properties of monolayer transferred molybdenum disulfide (MoS2) 

/GaN films were demonstrated. Comparative studies were also carried out with MoS2 on insulating substrate and 

pristine GaN films. The morphological and structural analyses were measured by using atomic force microscopy and 

Raman spectroscopy. The gas sensing properties of pristine, MoS2 on insulating substrate and MoS2/GaN film were 

measured at different gas concentration. The MoS2/GaN film exhibits 6 times higher responses to H2S compared to 

pristine GaN film. The MoS2/GaN film showed remarkably improved response under UV illumination. The gas 

sensing mechanism was explained in terms of MoS2/GaN hetero structure band diagram. Our experimental results 

suggested that MoS2/GaN hetero structure is effective way to improve the gas sensing properties. 
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In this study, a stretchable patch-type electrode was fabricated by mix a silicon-based elastomer (Ecoflex®) with 

carbon nanofibers (CNFs) physically for long-term bio potential monitoring. The most commonly used silver / silver 

chloride (Ag / AgCl) electrode is a wet-type electrode that is dried when used for a long time, resulting in reduction 

of electrical conductivity and skin trouble and so on. This stretchable patch as a dry electrode was fabricated to solve 

these problems.  

This electrode is divided into two parts as an electrode part and an adhesive part. The electrode part is mainly made 

from metals or nanomaterials to make stretchable conductors. When using metals, we are faced some problems such 

as high-cost, reactivity with oxygen, biocompatibility and so on. For these reasons the electrode part used a carbon-

based nanomaterial which is excellent in mechanical and electrical characteristics. So, CNFs are selected for 

conductive nanomaterials because carbon nanotubes (CNTs) has trouble dispersing uniformly in elastomer compare 

with CNFs. The uniformly dispersed CNFs and a silicon-based elastomer were blended using an ultrasonic and a 

vortex mixer. Then, the electrode part is fabricated by a drop-casting method of the mixed solution. Secondly, the 

adhesive part was fabricated using elastomer that can be attached to skin and can be detached from skin. Then, it needs 

to make a hole in the center of them to insert a conventional snap. After then, the electrode part is attached to adhesive 

part to fabricate the stretchable patch.  

As the concentration of CNFs increased, the electric conductivity improved but cracks were found. Secondly, the 

thickness of electrode part was important variables to obtain high-quality electrocardiograms (ECGs) signals. To make 

the optimal sticky patch, we tested the adhesive power by controlling the curing temperature and the thickness of 

adhesive part. We confirmed the biocompatibility through the cytotoxicity test and observed that skin problems such 

as erythema, pruritus and dermatitis were not found by long-term attaching test. Based on these results, the stretchable 

electrode is expected to utilize easily for long-term bio potential monitoring.  
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The discovery of a two-dimensional electron gas (2DEG) at the LaAlO3/SrTiO3 interface has set a new platform for 

all-oxide electronics which could potentially exhibit the interplay among charge, spin, orbital, superconductivity, 

ferromagnetism and ferroelectricity. From our previous studies, by using angle-resolved photoemission spectroscopy 

(ARPES), we have showed that a similar 2DEG could also be formed on the bare paraelectric SrTiO3 and KTaO3 

surfaces under exposure to intense ultraviolet irradiation [1,2]. In this work, by using this same methodology and 

conductivity measurement, we have studied the behavior of photon-induced 2DEGs at the bare surfaces of ferroelectric 

oxides: KNbxTa1−xO3 (KTN) (x = 0.02, 0.03 and 0.05), BaTiO3 (BTO), Ba0.85Ca0.15Zr0.1Ti0.9O3 (BCZT)) and 

(Ba0.7Ca0.3)1−1.5xLaxTiO3 (BCLT). We found that the onset of ferroelectric polarization induces a delocalization 

transition for the quantum well states at the surface. We propose that this suppression could be due to that the 

ferroelectric polarization makes the quantum well states become spatially delocalized along the direction 

perpendicular to the surface and hence changes the conductivity nature. This finding suggests an opportunity for 

controlling the 2DEG at a bare oxide surface (instead of interfacial system) by using both light and ferroelectricity. 

Keywords: Electronic structure, two-dimensional electron gas (2DEG), ferroelectricity, angle-resolved photoemission 

spectroscopy, transition metal oxide 
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Recently, the fabrication of water-soluble iron oxide nanocrystals with fast magnetic response, satisfactory 

biocompatible and desirable surface properties has raised a great amount of interest[1]. We reported a kind of 

magnetically responsive photonic nanocrystals stabilized in water by Citrate Groups. Superparamagnetic Fe3O4 

clusters are synthesized by one-step hydrothermal reaction, which shows long-term stable photonic performances. The 

attachment of citrate groups on the surface of the magnetite nanocrystals increased the negative charge density on the 

surface and prevents them from aggregating into large single crystals. The high surface charge of Fe3O4 is attributed 

to the consistent photonic performance. The Fe3O4 is found to be nearly spherical with an average diameter of 80 nm, 

which indicates the particles are reasonable uniformity in size. The simple synthesis of Fe3O4 is believed to have 

potential practical applications in photonics, catalysis, biomedicine and other areas. 
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Self-assembled monolayers (SAMs) that define the smallest dimension of a molecular junction serve as a template for 

both the physical dimensions and electrical details of the tunneling barrier. They are relatively straightforward to 

address experimentally because the SAM and bottom electrode can be interrogated ex situ, but are quite complex on 

a single-molecule level; defects, domains, molecular packing, etc. all affect tunneling charge transport. These 

complexities present a challenge to the exploitation of electron tunneling mediated by molecules to produce functional 

nano-devices. This talk will focus three recent examples of overcoming these challenges through the exploitation of 

the collective effects present in tunneling junctions comprising SAMs using two bottom-up approaches; eutectic Ga-

In and SAM-templated nano-gap electrodes. (i) We exploited the thermodynamics of self-assembly to eliminate 

fatigue in spyropyran-based optical switches.1 (ii) We found destructive quantum interference effects governed by 

through-space pathways that are defined by the self-assembly process and that are sensitive to sub-Angstrom 

differences in conformation.2 (iii) We modulated the conductance of nano-devices in real time with light by 

incorporating dyes that affect different tunneling probabilities in the ground and excited states.3 

Keywords: Self-assembly, tunneling junctions, mixed-monolayers, optical switching 

(1) Kumar, S.; van Herpt, J. T.; Gengler, R. Y. N.; Feringa, B. L.; Rudolf, P.; Chiechi, R. C. “Mixed Monolayers of 

Spiropyrans Maximize Tunneling Conductance Switching by Photoisomerization at the Molecule-Electrode Interface in 

EGaIn Junctions.” J. Am. Chem. Soc. 2016, 138 (38), 12519. 

(2) Carlotti, M.; Kovalchuk, A.; Wächter, T.; Qiu, X.; Zharnikov, M.; Chiechi, R. C. “Conformation-driven quantum 

interference effects mediated by through-space conjugation in self-assembled monolayers.” Nat Commun 2016, 7, 13904. 

(3) Pourhossein, P.; Vijayaraghavan, R. K.; Meskers, S. C. J.; Chiechi, R. C. “Optical modulation of nano-gap tunnelling 

junctions comprising self-assembled monolayers of hemicyanine dyes.” Nat Commun 2016, 7, 11749. 

Acceptance ID: TRHH-O 

  



 

 570 
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Layered-transition metal dichalcoginides (LTMDs) (or so-called materials beyond graphene) exhibit various 

interesting physical and electrical properties[1][2] with potential applications in spintronics, optoelectronics, and 

valleytronics. In this work, we study 1T-HfSe2 with band gap of around 1.1 eV, which may be suitable for photovoltaic 

and optoelectronic application. By using angle resolved photoemission spectroscopy (ARPES), we measured the 

electronic structure of 1T-HfSe2 as a function of various alkali metal doping. By varying the 2D carrier density 

between ~0 (i.e. nearly insulating) and 5x1014 cm-2 (i.e. around 0.2 electrons per unit cell in 2D), we have observed 

that the valence band maximum became split in energy as large as 350 meV and its band gap became reduced by 250 

meV. We also observed the counter-intuitive effect called negative electronic compressibility (NEC)[2] where the 

chemical potential became lowered by 60 meV upon electron doping in this same range of carrier density. To have a 

better understanding of these changes, we have further varied the polarization of the ARPES light source to identify 

the orbital character of each band and also performed density-functional-theory calculation (DFT). From our 

calculation, the top of HfSe2 valence band consists of Se p-orbital degenerating at -point. Upon doping of 25% (close 

to the experimental value), the DFT results suggest that the atomic structure became noticeably distorted; the out-of-

plane lattice constant (lattice constant c) increases around 11% and the in-plane lattice constant reduces around 3% in 

direction (lattice constant a). In the new set of calculation, when we manually apply this 3% uniaxial compressive and 

tensile strain, the DFT calculation shows a good agreement with our experimental ARPES data mentioned above (e.g. 

both of valence band splitting and band gap shrinkage). The py and pz-orbital bands were also studied and compared 

with the polarization-dependent data. Interestingly, by changing the compressive strain, the order of px-orbital band 

and py-orbital band in energy can be reversed. Our findings here suggest the possibility in using strain or doping for 

engineering the orbital characters, band gap and NEC effect in HfSe2, prompting some application in optoelectronics 

and valleytronics.  
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The development of sensors with high sensitivity, selectivity and stability has emerged as a hot research topic[1, 2]. 

There are many reports discussing the gas sensing properties of In2O3 nanomaterial due to its applications in hazardous 

gas detection[3, 4]. In our manuscript, a novel formaldehyde (HCHO) sensor was fabricated based on the synthesized 

rod-like Co-doped In2O3 nanomaterial with enhanced sensitivity and selectivity (Figure 1). The response of Co-doped 

In2O3 to 100 ppm formaldehyde was 220 at 230 °C, approximately 3 times higher than that of pure In2O3. Compared 

with other gas sensors reported in the literature[5, 6], our Co-doped In2O3 sensor exhibits much higher gas sensitivity 

for HCHO detection. The synthetic method of this Co-doped In2O3 nanomaterial is not only efficient, but also atom-

economical and environmentally friendly. 

 

Figure 1: TEM image (a) and the selectivity to 100 ppm different toxic gases at 230°C (b) of rod-like Co-doped In2O3 

Keywords: Co doping, In2O3, nanomaterial, HCHO, gas sensor 
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Stability of graphitic structure in BAlN and BGaN alloy semiconductors 
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Two-dimensional (2D) nanostructures in the honeycomb lattice have currently been paid much attentions for 

applications in nanoelectronic devices. Among various 2D materials, hexagonal BN has received considerable 

attentions as a dielectric template for electronic devices [1]. However, this material is available mainly in the form of 

small flakes, and successful fabrications of thin films with large area are limited. On the other hand, it has recently 

been reported that ultrathin AlN nanosheets with graphite-like hexagonal lattice have been successfully grown by 

molecular beam epitaxy on Ag(111) substrate [2]. Besides, computational study using hybrid density-functional and 

G0W0 methods has recently identified dynamically stabilized 2D structures in III-V materials and their electronic 

properties [3]. These experimental and theoretical findings inspire us to investigate structural stability of group-III 

nitrides with graphite-like hexagonal lattice. Here, we expect that this structure is stabilized in boron incorporated AlN 

and GaN within a certain boron composition range due to the presence of stable hexagonal BN, and examine the 

stability of 2D BAlN and BGaN alloy monolayers using density functional calculations. Our calculations demonstrate 

that both AlN and GaN with wurtzite structure whose lattice constants are smaller than those with hexagonal structure 

are stabilized, consistent with the experimental results [2]. In contrast, hexagonal BN with smaller lattice constant is 

favorable and hexagonal graphitic structure is found to be stabilized for BxAl1-xN and BxGa1-xN with boron composition 

x lager than 0.75. These results provide a valuable guidance for synthesis and potential applications of 2D group-III 

nitrides. 
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Electrical property improvement in Cu@graphitic-carbon nanocables 
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Nanocables of metallic copper nanowire cores coated with amorphous carbon (Cu@C NCs) and graphitic carbon 

(Cu@G NCs) were mass synthesized via a hydrothermal approach and a further carbonization process. TEM and other 

techniques revealed that  15nm thickness graphitic carbons uniformly encapsulated the well crystallized copper 

nanowires along the [110] direction. The electrical resistivity measurement indicated that the Cu@C NCs are 

insulating while the Cu@G NCs are conductive. In addition, the electrical resistivity of a single Cu@G NC was 
1.6158×10-5 Ω·cm at room temperature, lower than that of Cu nanowires. We predict that the electrical conductivity 

and air stability of many other metal nanowires will be enhanced by graphitic carbon encapsulation. This will have 

broad applications in nanoelectronics. 

 
Fig. 1. (a) A schematic drawing of the experimental setup in the Nanofactory Instrument. (b) TEM image of the Cu@G NC measured in 

this paper. (c) TEM image of W tip, Ag electrode, and a bonded Cu@G NC. (d) I–V curve of the Cu@C NC. (e)The corresponding I–V 

curves of the Cu@G NC in (b) and (c). 
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Vertical van der Waals junctions formed by stacking selected 2D materials, such as graphene, MoS2 and WSe2, etc. 

have attracted tremendous attentions for their tunable photonic, electronic and mechanical properties [1, 2]. However, 

the growth of high-quality large-area atomically thin transition metal dichalcogenides (TMDs) is still a big challenge.  

As a result, most of the relevant works are based on mechanical exfoliated flakes, which strictly limit its application 

in large-area flexible optoelectronics [1, 3, 4].  

Here, we present a large-area flexible photodetector based on vertically stacked atomically thin MoS2/graphene film 

with high spectral responsivity. To fabricate the device, large-area graphene grown on copper foil was transferred on 

the PET substrate by PMMA-assisted wet chemical etching method. Then the film was patterned via photolithography 

and reactive ion etching. High quality single layer MoS2 islands about 20 μm in size were grown on SiO2/Si substrates 

using CVD method. The islands film typically possesses an area about 1 mm2, which then was transferred and stacked 

on the center of the graphene. Ag/Ti electrode was deposited with the channel length range from 50 μm to 1 mm. 

Electrical measurements reveal that the photodetector possesses high sensitivity and fast response speed for visible 

light due to the efficient injection of photoexcited electrons from MoS2 islands to graphene. Top gate is also introduced 

to further improve the performance of the photodetector. Besides, the flexible photodetector exhibits an excellent 

mechanical bending endurance.  

We attempt to combine large-area graphene with the MoS2 islands instead of mechanical exfoliated flakes. Despite of 

the slightly reduced charge carriers transfer efficiency due to film defects, such configuration paves the way for large-

scale flexible optoelectronics based on TMDs films. Meanwhile, our results directly demonstrate the great potential 

of atomically thin MoS2/graphene film for high sensitive flexible optoelectronic. 

Keywords: Graphene, MoS2, Atomically thin film, Flexible photodetector. 
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Nanoparticles of metal alloys have attracted considerable attention from the theoretical and practical point of view. 

They display many interesting properties, such as depression of melting point,1 plasmon resonance,2 catalytic activity,3 

and phase separation.4 Nanoalloys could be synthesized by many different routes. The solvothermal synthesis by the 

hot-injection technique in oleylamine1,3–5 ensures homogeneous conditions for nanoparticle nucleation and growth. 

Binary metal alloy nanoparticles (AgNi, CuNi, AgCu, NiSn, NiSb) were prepared by injection of an oleylamine 

solution of metal precursors to a mixture of oleylamine and octadecene at 230 °C. After 10 min, the reaction mixture 

was cooled down to room temperature and resulting nanoparticles were washed, isolated, and redispersed in hexane 

for characterization. Dynamic Light Scattering (DLS), Transmission Electron Microscopy (TEM), Elemental analyses 

(ICP OES), and Small-Angle X-ray Scattering (SAXS) analyses were performed for determination of the chemical 

composition, average size, size distribution, and shape of the prepared nanoparticles. Plasmon resonances were also 

observed. Phase separation was followed by High Temperature X-Ray Diffraction (HT-XRD) technique and was 

confirmed by Scanning Electron Microscope (SEM) and by measuring of magnetic properties during heating. The 

CALPHAD method was used for modelling of size-dependent phase diagrams of binary systems. Temperatures of 

invariant reactions were obtained by DSC measurements and experimental results were compared to calculated values. 
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In this paper, we report the design of band-pass filter based on the concept of plasmonic metamaterial i.e. spoof or 

designer surface plasmon polaritons (SSPP’s) at microwave frequency. Surface plasmon polaritons are unique electro-

magnetic surface waves at optical frequecny which are propagating at the interface of metal-dielectric and decaying 

exponentially at surface. The interaction of free electron in metal and surrounding EM fields bring about to special 

properties of SPPs i.e. extraordinary ability to manipulate and confine the light with high intensity at sub-wavelength 

scale and thus attracted much attention during the past decades for developing new types of photonics devices and 

overcome the diffraction limit. Natural SPPs do not exist naturally in THz or Microwave regime, but can be assisted 

by plasmonic meta-materials, which are the corrugated periodical grooves at metal surfaces i.e. by drilling holes and 

cutting the grooves on metallic surfaces. This is termed as spoof or designer SPP and have inherited exotic features of 

optical SPPs, such as field confinement and non-diffraction limit. The most important feature of this spoof SPP is that 

the cutoff frequency and dispersion property can be engineered at will by changing the geometrical parameters. SRR 

are used in periodic configurations to design metamaterial structures and also used to design slow wave transmission 

line and different type of microstrip filters.  The circuit model of SRR elements is similar to parallel L and C 

components that are placed in series form in a transmission line hence, used in the design of band-stop filters. Using 

duality theorem and Babinet’s principles, CSRR can be used to design band-pass filters. In present work, we have 

proposed a structure which consist of a stepped stub like corrugation on top of the dielectric substrate as shown in Fig 

1, is a transition structure from QTEM mode of microstrip to SSPP mode and two U-shape CSRR on the bottom part 

of the substrate and analysed two cases: first case, two U-shape CSRR’s inserted in ground plane are symmetrical and 

second case, two CSRR’s are asymmetrical. Dimensions of one strip in transition structure are h=4,  d= 4, e= 1, w=2, 

a= 0.5, b= 1.5, r=1, s= 0.5 (all in mm). Neltec Substrate has been used with thickness: 1.52 mm, relative permittivity 

ɛr: 3.38, loss tangent: 0.0016 and copper thickness: 0.035 mm. CSRR dimensions are wg= 1, = 1=6 and 2= 8 (in 

mm). The fabricated prototype for both cases has been shown in Fig. 2 and 3 along with their simulated and measured 

results. The proposed devices are designed and fabricated and shows the excellent band-pass filtering characteristics. 

Simulated and measured results of reflection and transmission coefficient are in good agreement at microwave 

frequency. The numerical simulation is performed using CST Microwave studio. The characterization of all 

aforementioned devices has been performed using vector network analyzer (VNA) (R & S ZVM 1127-8500).   

 

 

 

Fig.1 Schematic of top of the substrate 
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Fig 2. (a) Prototype of BPF with asymmetric U 

shape CSRR in the ground plane (b) Simulated 

and measured characteristics of BPF with 

asymmetric U shape CSRR in the ground plane 

 

Fig 3. (a) BPF with symmetric U shape 

CSRR in the ground plane (b) Simulated 

and measured characteristics of BPF 

with symmetric U shape CSRR in the 

ground plane   
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Graphene has an ultra-high Young’s modulus of 1 TPa, which makes it a promising candidate for future 

nanoelectromechanical (NEM) applications. The graphene NEM (GNEM) switches have potential to realize 

minimized electrical leakage, sharp switching response, low actuation voltage and high on/off ratio [1]. Despite these 

applications, GNEM devices give a unique platform to realize high sensitivity gas molecules detection. It is due to the 

graphene exceptional low electronic noise characteristics and suspended nature of graphene channel in GNEM 

devices. Substrate induced noises to the graphene channel is avoided by the physical isolation of the GNEM channel 

from the substrate. GNEM switches are fabricated using the bottom-up procedure to get suspended graphene with a 

polymer sacrificial spacer. The advantage of this fabrication method is that it does not need any acid etching to get 

suspended graphene. In these GNEM switches, low pull-in voltage of less than 2V is achieved [2]. This pull-in voltage 

is compatible with the conventional, complementary metal-oxide-semiconductor circuit requirements.  

To realize the extreme resolution of different gas molecules sensing, ie., detection of single molecule, detailed 

understanding of vdW interaction in graphene-molecule complex is needed. van der Waals (vdW) interaction plays a 

central role in molecules adsorption on to a surface. The charge fluctuations associated with the molecules adsorption 

is electro-dynamically correlated with the charge fluctuations in the adsorbed surface, which can be modified by the 

external electric field. The charge transfer between the graphene and the gas molecules can be accurately traced from 

the Dirac point monitoring under a range of electric field. Hence, to verify the theory, we measure doping 

concentrations in graphene with adsorptions formed at different tuning voltages. For the tuning voltage range of -20 

V to 40 V, increased hole doping concentrations uncover the role of adsorbed CO2 molecules as an acceptor. Moreover, 

higher doping is observed at larger tuning voltage. These externally controlled doping concentrations clearly 

demonstrate the evidence of the tuned charge transfers [3]. 

In order to realize the extreme sensing capability, the suspended bilayer graphene GNEM switches are exploited. 

Using the electrostatic force, the central part of the suspended beam is pulled-down to the bottom metal electrode. 

This novel design of suspended graphene beam architecture avoids any further mechanical deflection of pulled-down 

beams on to the substrate when the electric field is applied from the substrate. The step-like changes in the graphene 

beam resistance with a quantized value of ~62 Ω are measured when exposed to low concentration CO2 molecules. 

These discrete responses are clear evidence to individual CO2 molecule adsorption onto the slanted graphene beam. 

In order to enhance the molecular adsorption rate, the electrical field is introduced around the suspended graphene 

region by applying the back-gate voltage. The first-principles calculations and molecular dynamics simulations 

elucidate the role of van der Waals interaction between molecules and graphene during detection and the back gate 

effects on accelerating the molecules adsorption [4]. Furthermore, we have carried out the extreme sensing by 1/f 

noise measurement and mass detection methods as well.  
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Graphene is a 2-dimensional hexagonal lattice of carbon atoms, and it has received much attention in the scientific 

community because of its distinct properties and potentials in nano-electronic and tribological applications. Many 

reports have been made on graphene's very high electrical conductivity at room temperature, transparent electrodes 

and tribological properties. Graphene has been synthesized in various ways; thermal chemical vapor deposition 

(CVD) on catalytic metal surfaces, graphitization of hexagonal SiC crystals during annealing at high temperatures in 

vacuum, and carbon ion implantation. Wide applications of graphene require structurally coherent graphene on a 

wafer-scale. However, coherent graphene synthesis on a wafer-scale substrate still remains challenging. In this study, 

we report a new method for graphene synthesis by using plasma based ion implantation (PBII) technique, which allows 

highly uniform ion implantation on a large-scale substrate even the sample has a three-dimensional shape. Ni films 

were deposited on silicon oxide substrates by sputter. Methane ions are implanted using PBII on the Ni films and 

annealed at 800 – 1000 oC in a high vacuum. We observed Raman 2D peaks, representing existence of graphene, for 

the samples annealed at 800 and 900 oC. The sample annealed at 900 oC shows a smaller D peak, indicating fewer 

defects in the graphene film. 
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L10-ordered FePt ferromagnetic film has been intensively studied to achieve 4 Tbits/in2 of areal density for heat-

assisted magnetic recording (HAMR) media [1, 2].  In order to meet this areal density, grain size and film thickness 

need to be smaller than 5 nm and thinner than10 nm, respectively [3]. Therefore, carbon (C) is used to isolate the FePt 

grains from each other, thereby, magnetic and thermal isolations between adjacent FePt grains [4]. However, the 

addition of C to FePt decreased both magneto-crystalline anisotropy constant (Ku), i.e. coercivity (Hci), and saturation 

magnetization (Ms) [5]. The atomic radius of C (0.077 nm) is much smaller than those of Pt (0.138 nm) and Fe (0.126 

nm). Therefore, it is very likely that C atoms can diffuse through interstitial sites [6]. There is no report on theoretical 

interpretation of magnetic properties of C-doped FePt thin films. We have performed first principles calculation on 

(FePt)0.8C0.2 crystal to investigate magnetic properties.  Prior to performing, we have calculated electron density for 

pure FePt if there are sites available for C atoms.  Fig. 1 shows 2D electron density of pure FePt and interstitial sites 

(red regions) available for C doping. After interstitially doping FePt with C atoms, we performed first principle 

calculations. Densities of state (DOS) for FePt and (FePt)0.8C0.2 are shown in Fig. 2. It was found that the Ms and Ku 

decreased to 832 emu/cc from 1,117 emu/cc and to 2.31 MJ/m3 from 16.8 MJ/m3 of pure FePt, respectively. On the 

other hand, the Curie temperature (Tc) of (FePt)0.8C0.2 slightly increased to 729 K from 719 K of pure FePt. In this 

paper, we will present detailed calculations and calculated results to give an insight into the magnetic properties of C-

doped FePt ferromagnetic thin film for HAMR applications.   
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Immunomodulation is underappreciated approach for treatment of inflammatory diseases. As cancer immunotherapy 

continues to make impressive impact on cancer therapy, immunomodulation as the means for treatment of other 

diseases is not fully explored to its potential. In this talk I will discuss the promise of nanomedicine approach to 

immunomodulation with the goal effective, safe and individualized approach to treatment of injury associated 

inflammation leading to better control of pain and improved healing.  Perfluoropolyethers (PFPEs) are polymeric 

materials with a broad range of applications, from lubricants, surfactants, and antifouling agents, to cosmetics, drug 

delivery, and imaging. Over the past several years we have explored their use in the synthesis of bimodal imaging 

agents (NIR/19F MR) and in drug delivery formulations, from nanoemulsions to hydrogels. PFPE can be used for the 

synthesis of multimodal nanomedicine formulations that can be produced with scalable processes and with a high 

level of quality control. For example, PFPEs can be formulated into hydrogels with a shelf life beyond 6 months. 

Further, PFPEs are formulated as stable (>350 days shelf life) nanoemulsions that can incorporate varied payloads, 

from anti-inflammatory drugs to natural products and optical probes. PFPE fluorous behavior in organic media makes 

them easily chemically modified to support the introduction of targeting agents and additional imaging probes, as well 

as promote self-assembly for increased colloidal stabilization. PFPEs are chemically modified to carry either 

fluorescent or PET imaging moieties and formulated into nanoemulsions, nanoemulgels and crosslinked hydrogels for 

parenteral and oral delivery. Here we present preclinical results that support the future advancement of PFPE based 

nanomedicine for immunomodulation in several injury and inflammation models. Specifically we were able to 

demonstrate that drug loaded PFPE nanoemulsions can selectively modulate monocyte behavior in live animals 

leading to reduced inflammation and pain behavior following injury. Detailed discussion of the PFPE nanomedicines 

effects on key immune cells in vitro and in vivo will be presented. We hope that this work serves as a model for others 

to consider immunomodulation with nanosystems as an effective approach to treatment and imaging of inflammatory 

diseases.  

Acceptance ID: YWWN-O 

  



 

 584 

Wrinkling behaviors of graphene films adhered to a polymer substrate 

Seyoung Im and Moon Hong Kim 

 

Department of Mechanical Engineering, KAIST 

291 DaeHak-Ro, YuSeong-Gu, DaeJeon, S. Korea 

 

Structural theory is developed for graphene films, and combined with a plate theory for a polymer substrate in order 

to construct a structural deformation theory for composite plates wherein graphene sheets are adhered to a polymer 

substrate. We next seek finite element implementation of this composite plate theory to explore various wrinkling 

deformation modes of graphene sheets bonded to the polymer substrate, which have diverse applications in flexible 

electronic devices and micro/nano channels. Numerical simulation predicts various wrinkling behaviors of the 

graphene sheets adhered to the polymer substrate, depending upon the parameters related to the deformation, the 

material properties and geometry of the system. 
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Graphene, representative of 2-dimensional materials, has been demonstrated in diverse field of applications such as 

transparent electrode, touch screen, flexible optoelectronics, thin-film transistor, and catalysis. However, direct 

applications of graphene in digital electronic devices are challenging due to its zero-band gap and low on-off ratio. 

Another family of 2D materials, three-atom-thick transition metal dichalcogenides (TMDs) has been proposed as the 

complementary material to graphene due to their semiconducting properties, where the associated band gap can be 

tuned between direct and indirect values depending on the layer number of TMD sheets. In TMD materials, the relative 

degree of defects in TMDs can play an important role in its applications. For example, low-defect (low active sites) 

TMDs are applicable to electronic devices, whereas TMDs with high-defect (high active sites) are more appropriate 

in catalytic reactions. Therefore, controlling the degree of defect levels in TMDs can be a useful means to diversify 

the application of TMD-based materials. In this study, we show that the defect levels in molybdenum diselenide 

(MoSe2) can be modified by adjusting the H2 concentration during the synthesis stage from the chemical vapor 

deposition (CVD) process. We propose that the reactivity of transition metal and chalcogen atoms vary with the 

concentration of H2 gas, which leads to the change in the defect level from the as-synthesized MoSe2 film. Our study 

suggests a viable strategy to modify the defect level in TMDs, which could contribute to the performance enhancement 

in TMD-based device applications. 
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Ultrathin two-dimension (2D) nanomaterials have aroused much attention as their outstanding electronic and 

electrochemical property, considerable surface area, and flexible support [1-3]. Through the interaction between heavy 

metal ions and abundant surface oxygen-containing groups of the adsorbent, high-efficient removal of heavy metal 

ions from polluted water has been achieved [4, 5]. Herein, the polyethylene oxide functionalized graphene oxide 

nanosheets (PEO-f-GO) were synthesized via a simple wet-chemical process, which exhibited a superior adsorbent in 

removing metal ions. Effects of composition, preparation temperature, amount of adsorbent, pH, contact time for 

removal of Pb (II) were systematically investigated. The maximum adsorption capacity of Pb (II) on GO-f-PEO (70:10, 

w: w) at pH=6.0 was 148.51 mg·g-1. Results also suggested the prepared adsorbent showed quite higher removal 

efficiency and adsorption capacity toward multiple metal ions within 20s. The ultrafast adsorption could be ascribed 

to intense binding force from the functional groups of PEO and Pb(II) ions. Besides, another kind of ultrathin 

nanosheets, cobalt hydroxide with an average thickness of 7 nm have been synthesized and used as adsorbent for 

removal of Pb(II) ions. The exposed rich hydroxyls made these sheets good adsorption towards heavy metal ions. 

With the assisting of CO2, the adsorption equilibrium of the cobalt hydroxide nanosheets could be balanced within 2 

mins with removal capacity of ~1860 mg/g and the removal efficiency of ~93 %. The unpublished two examples 

confirmed the advantage of 2D nanomaterials after modifying in heavy metal ions degradation from polluted water. 
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A variety of bottom-up growth processes for two dimensional (2D) layers of transition metal dichalcogenides (TMDs) 

have been proposed and demonstrated in recent years. For WS2, one such growth process uses chemical vapor 

deposition (CVD) in conjunction with tungsten oxide and sulfur as precursors. Here we demonstrate a CVD route 

capable of producing in a single process stream, at successive stages, a variety of WS2 morphologies, encompassing 

nanotubes, a new type of 2D nanomesh, and 2D in-plane mono- and few layer films, on insulating substrates. As a 

result of stage decoupling, which is not revealed in conventional CVD of 2D TMDs, we also gain insight into the 

growth mechanism of 2D in-plane layers. 2D mono- and few-layer WS2 can be grown in a self-seeding process where 

the nucleation sites and the source of precursor material are provided by the same phase.  

A variety of techniques (i.e. high resolution transmission electron microscopy and associated analytical techniques, 

Raman spectroscopy, EDX, XRD, and atomic force microscopy) were used to assess the nature, composition and 

crystallinity of the resulting WS2 morphologies. We also investigate functional properties (e.g. magnetic order and 

conductance) of the WS2 2D nanomesh phase synthesized.  

Keywords: transition metal dichalcogenides, growth, in-plane 2D layers, 2D nanomeshes, functional properties. 
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Conventional metasurfaces based on engineered metallic nanostructures for wavefront manipulation usually cannot 

be tuned effectively and seldom work at mid-infrared or lower frequencies. Graphene is a perfect candidate due to its 

peculiar plasmon resonance properties, which can be tuned over a broad terahertz frequency range via changing 

graphene’s size or electrostatic doping, exhibiting remarkably large oscillator strengths and leading to stable and 

reliable performance at room-temperature[1]. The metasurface composed of graphene ribbons array-dielectric-

metallic film structure has been utilized to manipulate the terahertz wavefront[2]. The phase of the reflected light 

could vary from almost –π to π with the appropriate graphene ribbons width and the dielectric spacing layer thickness, 

while the reflection amplitude could remain at high values. Through changing the width of graphene ribbons indeed 

can modulate the plasmonic resonances in graphene, and realize various reflective planar graphene photonic devices. 

However, for a given device, it can only achieve a certain kind of fixed function, which is not flexible enough.  

To overcome the lack of modulation flexibility of the aforementioned work, we engineer the local phase shifts on 

metasurface through tuning the Fermi levels of each graphene ribbon, inspired by the study of Takumi Yatooshi et 

al[3]. Fermi level of graphene can be changed via electrical gating [1], which is usually reversible, so that one can 

perform various kinds of photonic devices based on one certain graphene metasurface with given structure parameters. 

The metasurface composed of graphene ribbons array-dielectric-metallic film structure is utilized to manipulate the 

terahertz wavefront dynamically and efficiently. Each ribbon, with different Fermi levels, has the same width that is 

far less than the wavelength of incident light. By changing the Fermi levels of graphene ribbons, the phase can almost 

cover the necessary 2π range and the reflectivity maintains higher than 54.2%, so it is able to engineer novel planar 

optical devices and control reflected THz waves efficiently. 

With this electric tunable graphene metasurface, anomalous reflection, focusing mirrors, non-diffracting Airy beam 

generation and Bessel beam generation have been realized successfully only by changing the Fermi levels of the 

graphene ribbons. This paper proves the excellent dynamic tuning performance of graphene metasurface and provides 

multiple functions of a graphene metasurface with given structural parameters, which may greatly facilitate the 

fabrication and integration of multifunctional photonic devices. 
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