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Invited Talk
Multiferroic Composites: Recent Advances and Future Possibilities

G. Srinivasan
Physics Department, Oakland University, Rochester, Ml

Multiferroics with two or more ferroic (ferroelectric, ferromagnetic, ferroelastic)
orderings have attracted considerable interests in recent years. Single-phase multiferroics are
rare and their magnetoelectric (ME) responses areeither weak oroccur at temperatures too
low for practical applications. Ferromagnetic-piezoelectric composites, however, show
strong ME coupling at ambient temperatures. The ME effect here is a product-property
mediated by elastic deformation. The composites showa rich variety of phenomena including
giant low-frequency ME interactions and enhanced coupling when magnetic and/or electric
sub-systems are at resonance.

This presentation will focus on recent developments in the physics, materials science
and applications of composite multiferroics. The discussion will include early works on bulk
composites and layered composites. Recent advances on multiferroic heterostructures and
nanocomposites of core-shell fibers and self-assembled core-shell particulate composites will
be of particular interests (Figs. 1 and 2) [1,2]. Characterization techniques including low-
frequency ME effects, resonance enhancement at bending resonance and at
electromechanical resonance, and converse ME effect by ferromagnetic resonance over 1-110
GHz will also be considered. The potential use of composites for pico-Tesla magnetic sensors,
tunable inductors, and dual electric and magnetic field tunable microwave and mm-wave
devices will be discussed.

References:

1. G.Sreenivasulu, M.Popov,F. A. Chavez, et. al., Appl. Phys. Lett. 104, 052901 (2014)
2. M. Popov, G. Sreenivasulu, Ru Zhang, et. al., Appl. Phys. Lett. 104, 052910 (2014)
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Fig.1: TEM micrograph showing chemically
self-assembled nanoparticles of nickel

ferrite (NFO) core-barium titanate shell [1]. Fig.2: SEM image showing a PZT core-NFO

shell coaxial nanowire [2].




Invited Talk
Ferroelectric and Multiferroic Tunnel Junctions
Evgeny Tsymbal,
Department of Physics and Astronomy, University of Nebraska, Lincoln, Nebraska 68588, USA

The phenomenon of electron tunneling has been known since the advent of quantum
mechanics, but continues to enrich our understanding of many fields of physics, as well as
creating sub-fields on its own. Spin-dependent tunneling in magnetic tunnel junctions has
aroused considerable interest and developed into a vigorous field of research.” In parallel with
this endeavor, recent advances in thin-film ferroelectrics have demonstrated the possibility of
achieving stable and switchable ferroelectric polarization in nanometer-thick films. This
discovery opened the possibility of using thin-film ferroelectrics as barriers in magnetic tunnel
junctions, thus merging the fields of magnetism, ferroelectricity, and spin-polarized transport
into an exciting and promising area of novel research.>3 This talk will overview recent
developments in ferroelectric and multiferroic tunnel junctions. We will discuss the recent
demonstration of giant resistive switching effects observed in ferroelectric tunnel junctions,
physical mechanisms responsible for this behavior, and the interplay between ferroelectricity
and magnetism in controlling the transport spin polarization in magnetic tunnel junctions with
ferroelectric barriers.

References:

1. E. Y. Tsymbal and 1. Zuti¢, Eds., Handbook of Spin Transport and Magnetism (CRC press,
Boca Raton, FL, 2011).

2. E.Y.Tsymbal and H. Kohlstedt, Tunneling across a ferroelectric. Science 313, 181 (2006).

3. E. Y. Tsymbal, A. Gruverman, V. Garcia, M. Bibes, and A. Barthélémy, Ferroelectric and
multiferroic tunnel junctions. MRS Bulletin 37, 138 (2012).
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Invited Talk
Self assembled Nanocomposite Multiferroic Oxides
C. A. Ross,

Department of Materials Science and Engineering, MIT

Multiferroic oxides possess two different coexisting order parameters, such as
ferromagnetism and ferroelectricity. This allows for a range of useful phenomena such as
voltage-controlled magnetism which can enable memory or logic devices. Only a few
materials show room temperature multiferroicity, but a wide range of two-phase
multiferroics can be made by coupling a ferrimagnetic spinel (e.g. CoFe,0,) with a
ferroelectric perovskite (e.g. BiFeOs). When grown together on a substrate, these materials
form a self-assembled nanocomposite in which pillars of one phase grow inside the other,
forming columnar structures with well-defined vertical interfaces. Nanocomposites can also
be made with other materials, for example ferrimagnetic Sr(Ti,Fe)O; grown with piezoelectric
ZnO shows coupling between magnetic and optical properties.

These nanocomposites allow for extensive control of properties, but the random
positions of the pillars limit their utility. We will show how substrate patterning can direct the
nucleation to form well ordered structures, and we will describe the growth of these materials
and their magnetic and ferroelectric properties. Control in the vertical direction is also
demonstrated by forming composites with modulated pillar widths or compositions. These
materials provide a playground for the investigation of nanoscale magnetic, ferroelectric and
multiferroic phenomena, as well as opportunities for making new microelectronic devices.
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Oral Presentation: Rare earth based IlI-nitride nanostructures for spintronic and
optoelectronic applications

Ratnakar Palai
Department of Physics, University of Puerto Rico, San Juan, PR, USA
Email: r.palai@upr.edu

l1I-Nitride semiconductors and their alloys (InN, GaN, AIN, and InGaN) are promising
materials for applications in electronics, photonics, and photovoltaics. Currently a great deal
of attention is being focused on adding spin degree-of-freedom into semiconductor to create
a new area of solid-state electronics, called spintronics. In spintronics not only the current but
also its spin state is controlled. Such materials need to be good semiconductors for easy
integration in typical integrated circuits with high sensitivity to the spin orientation.

In the past, most of the attention on ferromagnetic semiconductor has focused on the
GaMnAs and InMnAs. Despite of many years of intense research the highest Curie
temperatures (T.) reported were far below the room temperature, about 185K for GaMnAs
and ~35 K for InMnAs. The major material challenge is to magnetize and stabilize
semiconductors with room temperature ferromagnetic ordering without significantly
affecting the physical properties of semiconductors.

Rare-earth (RE) elements play an important role in many functional materials and
exhibit interesting magnetic and optoelectronic properties. Due to their highly localized 4f
electrons the direct f-f interactions between the neighboring rare-earth atoms are very weak.
This produces larger magnetic moments in 4f REs than 3d transition metals. Most of the earlier
works on dilute magnetic semiconductor (DMS) were focused on TM doped GaN and ZnO and
week magnetization has been reported with few percentage (< 5%) of doping. In order to
enhance the magnetization, higher percentage of TM dopingin ZnO and GaN was investigated
but it was found that the magnetization related to the clustering or precipitation of TM ions.
Since REs have higher magnetic moment than TMs, we expect to achieve higher
magnetization with a few percentage of RE doping.

Thin films and nanorods of RE (Yb and Er) doped GaN and InGaN were grown using
molecular bean epitaxy (MBE). The samples have interesting and enhanced luminescent
properties compared to undoped samples with room temperature ferromagnetism. The talk
will be focused on fabrication, magnetic (SQUID and MFM), and Iluminescence
(photoluminescence (PL), cathodeluminescence(CL)), and x-ray photoelectron spectroscopy
properties of Yb and Er doped GaN and InGaN semiconductor nanostructures grown by
plasma assisted molecular beam epitaxy.
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Invited Talk

Magneto-optical Properties of Rare Earth lons in Gallium Nitride and Lithium Tantalate:
The Role of Defects and Strain

Volkmar Dierolf

Physics Department, 16 Memorial Drive East, Lehigh University,Bethlehem, PA 18104

Rare earth ions doped into nitride materials are known to introduce a ferromagnetic behavior
into nitride semiconductors. The origin of this behavior remains unclear and is still heavily
debated. Along with the ferromagnetic behavior, other indication of a unique coupling
between the rare earth ions and the host materials appear: (1) A characteristic asymmetry in
RE emission strength from Zeeman-split lines, which seems to scale with the degree of FM in
sample grown different substrates. (2) An overall change of emission intensity once a
magnetic field has been applied and removed. (3) A breakdown of the emission selections
rules under applied magnetic fields.

The experimental evidence for these coupling effects will be presented and compared to a
classic ferroelectric material, lithium tantalate. A model based on the role of additional defects
will be proposed.

Acknowledgments: This work was supported by NSF grant (DMR-1008075)
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Oral Presentation: Debate on origin of ferromagnetism in pure and transition doped ZnO
Wilfredo Otafno', Adrian Camacho-Berrios?
'University of Puerto Rico Cayey campus, San Juan, Puerto Rico, US

2University of Puerto Rico Rio Piedras campus, Puerto Rico, US

Dilute magnetic semiconductors (DMS) are of interest for spin-based devices. It has been
predicted that doping with a transition metal or rare earth ion with unfilled shells is a requisite
for a ferromagnetic behavior in the DMS. Furthermore, it was proposed that DMS will exhibit
a high Curie temperature if they have large p-d hybridization and small spin-orbit interaction.
For ZnO in particular, it has been predicted a Curie temperature over room temperature
making it suitable for device applications. These predictions moved a large group of
laboratories around the World to study ZnO materials fabricated in different ways and doped
with different materials to produce a DMS. These efforts resulted in the observation of
ferromagnetic behavior in pure and doped ZnO materials. The reason or reasons for this
behavior are still controversial. There are several motives for the controversy. First, it is
difficult to control synthesis conditions to prevent ferromagnetic impurities in the samples.
Second, most experiments lack the use of high intensity X-ray sources necessary to preclude
inclusions of impurities or doping material. Third, several groups reported ferromagnetic
behavior in pure ZnO materials increasing the controversy on the mechanism responsible for
it. In this presentation, these results will be discussed and complemented with data from our
laboratory showing that pure ZnO thin films show ferromagnetic behavior that is degraded
with the incorporation of Mn into the film.
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Invited Talk
Rare Earth Doped Multifunctional Nanostructures, Opportunities & Challenges
Wojciech M. Jadwisienczak
Ohio University, School of EECS, 363 Stocker, Athens OH 45701,

Email: jadwisie@ohio.edu

Optical sensing plays an important role in characterization of multifunctional systems due to
its capability to detect small changes in physical, chemical or biochemical entities at atomic or
molecular levels as well as to precisely monitor specific fundamental processes. Rare-earth
(RE) doped nanoparticles are promising for these endeavors due to their unique frequency
converting capability; they emit efficient and sharp visible or ultraviolet luminescence when
excited in near infrared via anti-Stockes energy conversion processes. In practice, this
approach allows not only a high penetration depth in biological systems but also high
detection sensitivity in complex multifunctional inorganic/organic materials systems. In this
presentation, we attempt to elucidate the fundamental principles that govern the energy
conversion by the upconversion materials. Furthermore, we will review the recent examples
of development of diverse synthetic approaches and possibilities for chemical tuning of the
size, shape, and morphology, altering properties such as luminescence, of RE containing nano-
tungstate and -molybdate materials used for optoelectronics. In addition, we intend to draw
attention to fundamental differences in energy migration schemes when excitation by
energetic electrons is considered instead of photons excitation. Finally, we review examples
of recent investigations on using RE doped nanoparticles for bio-labeling or detecting specific
gas molecules, in vitro temperature sensing, photovoltaics, phosphor-converted white light
generation and others.
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Oral Presentation: FERROELECTRIC/MULTIFERROIC TUNNEL JUNCTIONS FOR
MULTIFUNCTIONAL APPLICATIONS

Ram S. Katiyar’, D. Barrionuevo’, N. Ortega’, L. Zhang?, A. Sokolov?

'Department of Physics and Institute of Functional Nanomaterials, University of Puerto Rico,
San Juan, PR00936-8377,

2University of Nebraska, Lincoln, Nebraska 68588-0111

Recently, one of the most promising applications of ferroelectrics/multiferroics has emerged
in which the researchers have focused to explore multifunctionality of the materials by
fabricating their tunnel junctions (FTJ/MFTJ). A ferroelectric ultrathin film as a tunnel barrier
leads to a change in junction resistance, a phenomenon known as the tunneling
electroresistance (TER) effect, associated with polarization switching of the ferroelectric
barrier layer. FTJs have attracted interest both for the basic physics as well as for their
potential applications in nanoelectronics and data storage. We have fabricated
Pb(Zro0.53Ti0.47)03/La0.675r0.33Mn0O3 (PZT/LSMO) heterostructured films on
(LaAl03)0.3(Sr2AITa06)0.7 (LSAT) (001) substrates, using pulsed laser deposition (PLD)
technique. The thickness of the PZT ultrathin films were 7, 5, and 3 nm, whereas the thickness
of the LSMO layer was kept contant (to ~30 nm) in all films. The PFM images showed that the
out-of-plane component of the polarization can be switched between two stable states. The
polarization switching is further confirmed by the phase/amplitude hysteresis loops. The
conductance-voltage curves for different PZT barrier thicknesses (5 and 7 nm) show a
parabolic dependence on bias voltage, which is indicative of electron tunneling through an
insulating barrier. The capacitance-voltage characteristics showed a clear butterfly loop; this
was observed at applied voltage of B3 V, in agreement with the PFM results. The hysterisis
behavior in the current density versus voltage plots were obtained for Pt/PZT-7nm/LSMO
configurations with junction areas of 64 and 4 @m2. The ratio between the low resistance state
(LRS) and the high resistance state (HRS) in case of 64 @m2 junctions (HRS/LRS) was ~2-4,
whereas, it was 26:1 for 4 @m2. Anincrease in HRS/LRS ratio was observed when the magnetic
field was applied along the in-plane direction, the HRS/LRS ratio value at zero bias was ~60
(without magnetic field at o G) and 110 (with magnetic field at 10 kG). We have also
synthesized ultrathin films of single phase multiferroic
Pb(Zro0.53Ti0.47)0.60(Fe0.5Ta0.5)0.4003 (PTZFT) barrier of 4, 5, 6, and 7 nm thick. The
ferroelectric and magnetic properties of these MTJ configurations will be presented.
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Oral Presentation: Multiferroic Properties of Nanocomposite CoFe;0,/Bis.1Lao.9Ti301
Structures

Arun Kumar, Segundo Rojas, and M. S. Tomar

Department of Physics, University of Puerto Rico, Mayagtiez, Puerto Rico, PR 00681

Multifunctional materials are important for new devices. Aurivillious phase compound system
consists of (Bi02)** (An1 BnOsn+1)*, where A is mono, di, or trivalent cations, B is cation with
valence 4, 5 or 6, and n is the number of perovskite layers are ferroelectric and CoFe,0, a
ferromagnetic material. Chemical solution route was used to synthesize BisLa0.9Ti3O:» and
CoFe;0,4. Alternate layers of CoFe,0y4Bis.1LaogTisOs. were deposited on Pt (Pt/TiO,/SiO,/Si)
substrate by spin coating. Films were characterized by X-ray diffraction and SEM showing
polycrystalline films. Very low leakage current (< 10 A) is observed up to applied electric field
below 120 kV/cm. Dielectric constant decreases with frequency, but dielectric response shows
relaxation. Dielectric loss (tan &) reduces < 3% at 10® Hz. Both structures showed room
temperature ferroelectric (FE) and ferromagnetic (FM) responses with FE polarization (Pr) >
25 pC/cm? and ferromagnetic memory (M;) > 52 emu/cm3. Co-existence of FE and FM can be
attributed to the stress in the staggered film structure and different permeability and
permittivity of the materials involved.
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Oral Presentation: Spin manipulation in some ferroelectric non lead based oxide systems
Mukesh Kumari, Ratnamala Chatterjee
Magnetics & Advanced Ceramics Lab, Physics Department, I.I.T Delhi

Research in the field of magnetoelectric multiferroics has attracted much interest since long.
In these materials, ferroelectric (charge) and magnetic (spin) ordered states coexist or
compete with each other. The interaction leads to magnetoelectric (ME) effect, i.e., the
induction of magnetization by an electric field and vice versa. Coupling between spin and
charge ordering can provide an additional degree of freedom in ‘magnetoelectric’ device
design.’

In the available literature of single phase multiferrroics, BiFeOs (BFO) based oxides (modified
with PbTiOs, PbZrTiO; etc.) have been extensively studiedwhere B-site is shared by both Fe
and Ti ions.? However, the parent composition (BFO) is already a magnetically ordered
structure. In this study, in order to better understand the role of Fe ions (at B-site) toward
multiferroicity, Fe-ions are substituted at the B- site in pure ferroelectric matrices of two very
well known, non lead based, strong ferroelectric perovskite oxides BaZro.o5Tio.gs05 (BZT) and
Bio.sNao.sTiO3(BNT). Samples of stochiometric formulae BaZro.osTi(1-3x/4)F€xO33 and Bio.sNao.sTig:-
3y/4)FeyOs prepared up to their respective solid solubility limits. Phase purity of the samples
were checked by XRD using CuKa radiation (A = 1.54178 A) (Philips X-pert PRO). To examine
the solid solubility and charge states of Fe ions, synchrotron based ADXRD (angle dispersive
X-ray diffraction) and XANES (X-ray absorption near edge spectroscopy) experiments were
performed respectively. Dielectric constant with

3.0

temperature at different frequencies are studied using L osl e Fe Rz x oars |
HP4192A impedance analyzer and Radiant Precision X

Premier Il Technology’s ferroelectric tester was used to g 2.0p ]
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References: 3
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Posters

P1: X-Ray Photoelectron Spectroscopy and Raman scattering studies of ALD alumina coated
ZnTe nanowires

Kallol Pradhan’, Satyaprakash Sahoo', J. H. Peng3, H. Yu3, S. K. Dey*3, R. S. Katiyar’
'Department of Physics, University of Puerto Rico, San Juan, PR 00936

*Materials Science and Engineering Program and 3Department of Electrical Engineering,
Arizona State University, Tempe, AZ 85287

Semiconductor nanowires (NWs) represent a versatile platform for evaluating novel
phenomena at the nanoscale and also exhibit high potential for applications in future
electronic, photovoltaic, and optoelectronic devices [1]. Moreover, the fabrication of core-
shell heterostructures based on semiconductor NW-insulator heterostructures further enable
the generation of devices with diverse functions. In this work, the fabrication of core-shell
heterostructures, via metal-catalyzed vapor-liquid—solid synthesis of Zinc Telluride (ZnTe)
NWs followed by the conformal coating of alumina (Al203) by atomic layer deposition (ALD),
has been demonstrated. While the former is a direct band gap (~ 2.26 eV), 11-VI semiconductor
in the blue-green region of the spectrum, the latter is a high band gap (~ 6.4 eV) insulator that
is amorphous. Here, preliminary x-ray photo electron spectroscopy (XPS) and Raman
scattering results on the ZnTe/Al203 core-shell nanostructures are presented and discussed.
Additionally, photoluminescence spectra of coated and uncoated ZnTe NWs are discussed in
light of the variations in peak position and line-width.
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Fig.1. SEM image of uncoated ZnTe nanowires  Fig. 2. Raman spectra of uncoated ZnTe NW
Reference:

1. J. Wallentin, et al, InP nanowire array solar cells achieving 13.8 % efficiency by exceeding the
ray optics limit, Science 339, pp. 1057-1060, (2013).
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P2: Intrinsic Noise from Neighboring Bases in the DNA Transverse Tunneling Current

Jose R. Alvarez’, Dmitry Skachkov', Steven E. Massey?, Jungiang Lu3, Alan Kalitsov"4,
and Julian P. Velev"5

'Department of Physics, Institute for Functional Nanomaterials, University of Puerto Rico, San
Juan, Puerto Rico 00931-3344

’Department of Biology, University of Puerto Rico, San Juan, Puerto Rico 00931

3Department of Physics, Institute for Functional Nanomaterials, University of Puerto Rico,
Mayaguez, Puerto Rico 00981

*Materials for Information Technologies Center, University of Alabama, Tuscaloosa, Alabama
35487, USA

5Department of Physics, University of Nebraska, Lincoln, Nebraska 68588-0111, USA

Nanopore DNA sequencing holds great promise for producing long read lengths from small
amounts of starting material, however, high error rates are a problem. We perform
nonequilibrium electron transport calculations within an effective tight-binding model of the
DNA molecule to study the intrinsic structural noise in DNA sequencing via transverse current
in nanopores. The structural noise arises from the effect of neighboring bases on the
tunneling current. We find that it could be comparable to the environmental noise, which is
caused by changes of the position of the molecule with respect to the electrodes in the
nanopore. Moreover, while the environmental noise can be reduced by continuous
measurement and by improving the measurement setup, the structural noise is intrinsic. With
the help of our methodology we optimize the dependence of the structural noise on the
measurement parameters, such as the type of the electrodes and the applied bias. We also
propose a statistical technique, utilizing not only the currents through the nucleotides but
also the correlations in the currents, to improve the fidelity of the sequencing.
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P3: Improved Switching Behavior of Electrophoretically Deposited Graphene Oxide Films
Embedded with Gold Nanoparticles

Geetika Khurana', Pankaj Misra?, Nitu Kumar', Sudheendran Kooriyattil', James F. Scott3, and
Ram S. Katiyar'

'Institute of Functional Nanomaterials and Department of Physics, University of Puerto Rico,
Rio Piedras, San Juan, PR 00936-8377, USA

’Laser Materials Processing Division, Raja Ramanna Centre for Advanced Technology, Indore
452 013 (M.P.), India.

3Department of Physics, Cavendish Laboratory, University of Cambridge, Cambridge CB3
OHE, United Kingdom

Resistive random access memory (ReRAM) has recently attracted great attention due to its
potential for replacement of flash memory in next-generation nonvolatile memory
applications. However, ReRAM devices are facing the problem of stability and repeatability
which can be ascribed to the randomness of the conducting filaments formation.
Nanoparticles are found to enhance electric field in their vicinity, which is anticipated to define
the conductive filament precisely and favorable for the improved switching characteristics if
embedded in devices. In this study, graphene oxide (GO) films embedded with gold
nanoparticles (Au Nps) were investigated for nonvolatile resistive switching memory
applications. GOAu films deposited by electrophoresis method were found to be in the low
resistance state; therefore no forming voltage was required to activate the devices for
switching. The devices showed an enhanced On/Off ratio ~10° between two resistance states
at low voltages (< 1V) for repetitive dc voltage sweeps. In these films Au Nps were uniformly
dispersed over a large area that provided charge traps, which resulted in improved switching
characteristics. Capacitance was also found to increase by a factor of ~10, when comparing
HRS/LRS in GOAu and pristine GO devices.
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P4: Critical magnetic fields of superconducting aluminum-substituted BasSi;.Al, clathrate
Yang Li, Jose Garcia, and Giovanni Franco

Department of Materials Science and Engineering, University of Puerto Rico at Mayaguez,
Mayaguez, PR 00681-9044, USA

During past years, efforts have been made to explore the superconductivity of Group IV
clathrates with particular attention to the sp3 hybridized networks. In the current study, we
report on the superconductivity of Al-substituted type-I silicon clathrates. Samples of the
general formula BasSisexAlx with different values of x were synthesized. The magnetic
susceptibility measurements show that BasSis»Al, is a bulk superconductor, with critical
temperature Tc=5.5 K. This represents a strong suppression of superconductivity with
increasing Al content, compared to BasSiss With Tc =8 K. Suppression of superconductivity can
be attributed primarily to a decrease in the density of states at the Fermi level, caused by a
reduced integrity of the sp3 hybridized networks as well as the lowering of carrier
concentration. To further characterize the superconducting state, we carried out magnetic
measurements showing BasSis.Al, to be a type Il superconductor. The critical magnetic fields
were measured to be He = 43 Oe and He: = 60 kOe. We deduce the London penetration depth
4000 A and the coherence length 74 A. Our estimate of the electron-phonon coupling reveals
that BasSis.Aly is @ phonon-mediated BCS superconductor.
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P5: Synthesis of ZnO and CuO nanowires for study of thermoelectric properties
J.Santillan, and R.Palai

Department of Physics, University of Puerto Rico, San Juan, PR

One of the processes that occur when sunlight interact in photovoltaic cells is that higher-
energy photons deliver much more energy than needed to excite an electron, and the excess
is given off as waste heat rather than desired electrical current. Recently on April, 2014 was
published an updated listing of the highest efficiencies for a range of photovoltaic cells,
showing the limit of 25% efficiency that can be achieved in a solar cell designed with a
crystalline silicon under the global AM1.5 spectrum . One way to deal with that efficiency limit
is to develop hybrid devices that would combine thermoelectric generators and solar cells.
Metal oxides 1D nanostructures as Zinc oxide (ZnO, n-type) and copper oxide (CuO, p-type)
nanowires are being synthesized and preliminarily investigated as future materials for the
fabrication of thermoelectric device based on nanowire arrays for energy harvesting. The
Seebeck coefficients, electrical conductivity and thermoelectric power factors of both
semiconductor materials will be determined and will show the potential integration of metal
oxide nanostructures to significantly improve the efficiency of photovoltaic power
generation.
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P6: Large Area Bilayer Graphene Synthesis by HFCVD for Transparent Conductive
Electrodes

Tej B. Limbu'?, Frank Mendoza', Oscar Resto?, Brad R. Weiner"3, Gerardo Morell'
"Institute for Functional Nanomaterials, San Juan, Puerto Rico, U. S. A.
2Physics, University of Puerto Rico, Rio Piedras, San Juan, Puerto Rico, U. S. A.

3Chemistry, University of Puerto Rico, Rio Piedras, San Juan, Puerto Rico, U. S. A.

We have synthesized large-area and uniform bilayer graphene by hot filament chemical vapor
deposition (HFCVD). The graphene films obtained are uniform and with low defect density.
Raman spectroscopy mapping for the ratio of 2D to G band intensities shows that over 9o% of
the area is covered with bilayer graphene. However, symmetric 2D band in the Raman
spectrum of the film shows that the graphene is turbostratic in nature. Moore pattern in the
high resolution transmission electron microscopy (HRTEM) images confirm that the graphene
is bilayer. Fast Fourier transform (FFT) of the HRTEM images further confirm that the two
graphene layers are rotated with respect to each other by 30 degree. Sheet resistance of the
graphene is about 5 KQ/sqr and transparency is over 93%. In order to reduce the sheet
resistance of the graphene, we doped the graphene with an electron acceptor molecule
tetracyanoethylene (TCNE). We found that the sheet resistance of the graphene is reduced
significantly due to the molecular doping without the considerable loss in transparency.
Employing the layer by layer transfer process and doping with suitable concentration of TCNE
molecules, we obtained the optimized values for sheet resistance and transparency of the
graphene sheets. The study shows that the molecular doping with TCNE can result in the
production of the effective transparent conductive electrodes to replace the commercially
available transparent electrodes such as indium tin oxide (ITO) and Fluorine doped tin oxide
(FTO).
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P7: Comparison of the magnetic properties of Fe;xMnxSi semiconductor nanowires grown
by CVD and by Mn-ion implantation of FeSi nanowires

José Hernandez-Pérez, Angel Ruiz, Angel Luis and Luis F Fonseca

Department of Physics, University of Puerto Rico, Rio Piedras Campus, San Juan, PR 00931

We report the synthesis of Fe;xMnxSi nanowires via chemical vapor deposition. The
nanowires’ diameter ranged between 20nm and 300 nm and up to 30 microns lengths.
Vibrating Sample Magnetometer (VSM) measurements confirm magnetic response at room
temperature and Magnetic Atomic Force Microscopy (MAFM) shows magnetic domains with
axial symmetry and alternate orientation parallel to the wire’s growth direction. Temperature
dependence electrical and thermoelectrical tests show p-type semiconducting behavior
featuring resistivity values of ~5.12x10°Qm at room temperature. FeSi nanowires were
synthesized via CVD for Mn-ion implantation experiments. The comparison between the
magnetic properties of CVD synthesized Fe.xMnxSi nanowires and ion implanted samples is
discussed.
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P8: Synthesis and Characterization of Graphene Analogous of Transition Metal
Dichalcogenides

Satyaprakash Sahoo, Anand P.S. Gaur, and Ram S. Katiyar
Department of Physics and Institute for Functional Nanomaterials, University of Puerto Rico,

San Juan, PR 00931 USA

Recent discovery of atomically thin 2D layered materials such as graphene and h-BN has made
us realize many underlying new physical properties. The former is metallic and latter is highly
insulating material, thus there have been a concern about the use of these materials in
nanoelectronics. Thanks to Mother Nature having transition metal dicalcogenides (TMDCs)
family, members of which are analogous to graphene and h-BN yet having a band gap (1to 2
eV). WS, belongs to TMDCs family and in the monolayer it is a direct band gap material. We
have synthesized monolayer WS, of large size by chemical vapor deposition method and
studied its optical, vibrational and transport properties which will be presented in the
meeting.
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P9: Functionalized 2D Wide Bandgap Semiconducting Sheets: Properties and Application
Peter Feng’, Xinpeng Wang?, Ali Aldalbahi3, and R.Y. Yang'
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Corporation, Monmouth Junction, NJ 08852, and 3 King Abdullah institute for Nanotechnology
and Department of Chemistry, KSU, Riyadh 11451, Saudi Arabia

Keywords:wide bandgap semiconducting sheet, electrical and optical properties, detector;
sensitivity, response time

Highly transparent 2-dimensional (2D) atomic-thin boron nitride nanosheets (BNNSs) can be
synthesized within few seconds at temperature down to 350 °C. We report on our approach
to low substrate temperature, superfast (~5 seconds) synthesis and functionalization of high-
purity, single crystalline BNNSs. Experimental data indicates that the variation of deposition
duration could yield different thickness of BNNS membrane but does not affect the
morphology, structure and thickness of individual continuous BNNS piece inside the
membrane, indicating the basic mechanism for the formation of BNNS is very different from
that with CVD technique. Change of honeycomb crystalline structures of six-membered B;-N3
hexagon and zigzag edge reconstructions are observed by using high resolution transmission
electron microscopy.

It is found that scattering mechanism dominates the changes of current-voltage (I-V) curves
of BNNS whereas the tunneling effect determines the electrical breakdown. As aresult, super
thin BNNSs have quasi-metal properties wherethere is not obvious temperature effect on the
[-V curves. In contrast in the bulk or thick BNNS membranes, the experimental data clearly
indicate that thehigherthe temperature,thelower the resistance is.

Based on the functionalized BNNSs, two types of deep UV detectors are designed, fabricated,
and tested. As a comparison, ultrananocrystalline diamond (UNCD) nanowire arrays -based
deep UV detectors are also fabricated. Experimental data indicate that the obtained response
times for both BNNS/Si and UNCD-based deep UV detectors are less than 1 microsecond.
Relatively, the response time and recovery time of BNNS/AIN based photodetector are slow.
Large difference of response time between the BNNS/AIN and the BNNS/Si based detectors
could be due to their different interfaces and crystalline structures.
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P10: Lithium Adsorption and Diffusion in SnS. Bulk, Bilayer, Monolayer and Nanoribbon: A
Computational Investigation

Kaixiong Tu, Zhongfang Chen*

Department of Chemistry, Institute for Functional Nanomaterials, University of Puerto Rico, Rio
Piedras Campus, San Juan, PR 00931.

* Email: zhongfangchen@gmail.com (Z.C.)

Density functional theory computations were performed to investigate the adsorption and
diffusion of lithium (Li) on SnS, nanosheets and its derived nanoribbons (NRs) in comparison
with SnS; bulk in T phase. The binding energies and diffusion barriers are comparable in SnS,
bulk and bilayer. Reducing the dimension to SnS, monolayer significantly lowers the Li
diffusion barrier while keeping a considerable binding energy. Due to the presence of dangling
bonds in the edge, SnS;NRs have an enhanced Li binding energy and increased Li mobility.
Thus, SnS, monolayer and nanoribbons are promising as anode materials of Li-ion batteries
with a high power density and fast charge/discharge rates.
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P11: Graphitic-carbon nanospheres/TiO, composite based novel electron injection layer for
enhanced photovoltaic performance in dye sensitized solar cell

Radhe Agarwal, Satyaprakash Sahoo, Venkateswara Rao Chitturi,and Ram S. Katiyar

Department of Physics and Institute for Functional Nanomaterials, University of Puerto Rico,
San Juan, PR 00931 USA

Dye sensitized solar cells (DSSCs) were engendered great research interest as promising
potentials in solar cell technologies for their high power conversion efficiencies. In this study,
we report a novel carbon based TiO, nanocomposite electron injection layer towards the
improved performance of DSSCs. A unique acidic treatment of multi-wall carbon nanotubes
was implicated to synthesize graphitic carbon nanospheres (GCNSs). Structural and
morphological properties of as synthesized GCNSs were investigated using micro-Raman
spectroscopy and FE-SEM. Nanocomposite of TiO, and GCNSs was fabricated to use as
electron injection layer in DSSC. Such electron injection layers with different concentrations
of GCNSs were investigated for the performance of DSSC. From current -voltage
characteristics, we observed a significant increase in photocurrent as the concentration of
GCNSs increases. We proposed three possible mechanisms for enhanced photovoltaic
performance in our DSSC: (i) improved dye adsorption and percolation in the composite
photo-anode (ii) more light absorption and thus charge generation efficiency, and (iii)
decreased electron diffusion length due to higher mobility of carbon material.
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P12: Physical Properties of Graphene/BNNSs Heterostructures; Advance in 2D Functional
Nanomaterials
Muhammad Sajjad’, Frank Mendoza', Tej Limbu'?, Xianping Feng"?, Brad R. Weiner"3,
Gerardo Morell'?
"Institute of Functional Nanomaterials, University of Puerto Rico, San Juan, PR 00931, USA
2 Department of Physics, University of Puerto Rico, San Juan, PR 00936, USA
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Free standing graphene is a highly conducting material, full of functionalities, suitable for
enormous practical applications. On the other hand, for device architecture, when graphene
transferred to the substrates e.g. Si, SiO2, it is highly disordered, exhibiting poor
characteristics that limits its presence in numerous electrical devices. Therefore, it is pre-
requisite to find a substrate that will help to maintain characteristics of a suspending
graphene. In this subject, we selected boron nitride nanosheets (BNNSs) as a substrate
material for graphene to retain its intrinsic properties. Due to identical crystal structure and
similar lattice parameter to that of graphene, BNNSs often known as white graphene. BNNSs
provide highly flat surface to grow wrinkle free, less disordered graphene with better
functionalities. BNNSs were synthesized by short-pulse laser-plasma deposition while
graphene was synthesized by hot filament chemical vapor deposition (HFCVD). HFCVD
method was preferably applied to avoid sputtering of atomic layer BNNSs. We also
synthesized bilayer graphene on copper substrate and transferred it to BNNSs using
conventional mechanical method e.g. poly-methyl meth-acrylate. The crystalline quality of the
graphene/BNNSs heterostructures was evaluated by Raman spectroscopy mapping in order
to analyze the phonon-phonon interactions between the layered structures. The physical
properties of the films were carefully studied by: sheet resistance, thermal conductivity, band-
gap, scanning electron microscopy, X-ray photoelectron spectroscopy, and transmission
electron microscopy.
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P13: Magnetism and superconductivity in Eu doped Bas.xEuxAleSiso clathrates
Yang Li, Jose Garcia, Giovanni Franco

Department of Engineering Science and Materials, University of Puerto Rico at Mayaguez,
Mayaguez PR 00681-9044 USA

Group-IV clathrate materials are extended Si, Ge and Sn cage-like solids with sp3-hybridized
framework whereby the guest atoms such as alkali-metal, alkaline-earth and rare-earth atoms
can be encapsulated into the cages. There is considerable fundamental interest in moment
formation in magnetism and superconductivity in clathrates. The silicon clathrate
superconductor is uncommon as its structure is dominated by strong Si-Si covalent bonds,
rather than the metallic bond that are more typical of traditional superconductors.To
understand the influence of large magnetic moment of Eu on superconductivity for type-I
clathrates, a series of samples with the chemical formula Bas.xEuxAleSizo (X = 0, 0.5, 1 and 2)
were synthesised in which Eu occupied Ba sites in cage center. With the increase of Eu
content, the cubic lattice parameter decrease monotonically signifying continuous shrinkage
of the constituting (Ba/Eu)@Si20 and (Ba/Eu)@Si24cages. The temperature dependence of
magnetization at low temperature revealed that BasAleSiso is superconductive with transition
temperature at Tc = 5.6 K. The substitution of Eu for Ba results in a strong superconductivity
suppression;Eu-doping largely decreases the superconducting volume and transition
temperature Tc. Eu atoms enter the clathrate lattice and their magnetic moments break
paired electrons. The Curie-Weiss temperatures were observed at 3.9, 6.6 and 10.9K,
respectively, for samples with x = 0.5, 1.0 and 2.0. Such ferromagnetic interaction of Eu
candestroy superconductivity.
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P14: Selective Gas Sensing with Graphene and MoS, Thin Film Transistors

M. Shur', S. Rumyantsev’, and A.A. Balandin?
'Rensselaer Polytechnic Institute, Troy, New York 12180, USA

2University of California — Riverside, Riverside, California 92521 USA

Two-dimensional (2D) materials, such as a single layer or a few atomic layers graphene and
MoS,, have the ultimate surface to volume ratio, which makes them uniquely suited for
sensing applications. Exposure to different gases creates different states at the 2D materials
surfaces, affecting such characteristics as low frequency (1/f) noise, time response after the
gas exposure, and the impedance changes. The combination of some or all of these
characteristics forms the unique gas signatures, making it possible to achieve selective gas
sensing with a single graphene or MoS. Thin Film Transistor. MoS. Thin Film Transistors (TFTs)
selectively sensed ethanol, acetonitrile, toluene, chloroform, and methanol vapors that all
resulted in drastic changes in the source-drain current up to more than two-orders of
magnitude, depending on the gas. (The reference devices with the channel coated with Al,O;
did not show any response.) The MoS, devices operated to 220 °C demonstrating potential
for high temperature sensing. For graphene transistors, the gas selectivity was achieved by
measuring the changes in the 1/f noise spectra under the gas exposure.' For MoS, devices?,
the changes in 1/f spectrum were very large for acetonitrile and negligible for other gases
under study, and the characteristic transient times become the key parameters for the gas
signatures. As was shown in3, the low-frequency noise in MoS2 thin films can be fitted well by
the McWhorter model, which is valid when the dominant noise mechanism is linked to the
number of careers fluctuations. In graphene, the McWhorter model cannot adequately
describe the 1/f noise mechanism#. The difference in the noise mechanisms in graphene and
MoS. might explain the difference in the noise spectra changes under gas exposures. The
sensitivity of the MoS, films to the vapors under study was much higher than that for
graphene, even though graphene TFTs were also fairly sensitive gas sensors.

1S. Rumyargev, G. Liu, R. A. Potyrailo, A. A. Balandin, and M. S. SHEEE Sensors Journakol.13, no.8, pp.
2818- 2822, Aug. 2013

2M. Shur S Rumyantsev, Cliang, R Samnakay, .Renteria A. Balandin Selective gas sensing witoS2 thin film
transistors IEEE Sensors 2014 ProceediniSEE Catalog Number: CFP14SHDSB, ISBN: 9781-47990161-6,
pp.55-57 (2014)

3J. Renteria, R. Samnakay, S. L. Rumyantsev, C. Jiang, P. Goli, M. S. Shur and A. A. Balandin, Appl. Phys. Lett.
104, 153104 (2014)

4S. Rumyantse G. Liu, M. Shur, and A. A. Balandin, J. Phys.: Condens. M&®&r395302 (2010).
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P15: Spectrophotometric analysis of zirconium and calcium modified barium titanate
relaxor ferroelectric thin films

Alvaro Instan, Shojan P. Pavunny, Sudheendran Kooriyattil, and Ram S. Katiyar

Department of Physics and Institute for Functional Nanomaterials, P.O. Box 70377, University of
Puerto Rico, San Juan, PR 00936-8377, USA.

Barium titanate (BaTiOs) is one of the most widely studied environmental-friendly
dielectric material because of its high dielectric constant, low dissipation factor, and large
piezoelectric constant, attractive features that are useful in energy storage capacitor
applications. With this motivation, zirconium and calcium modified barium titanate relaxor
ferroelectric thin films were deposited on amorphous fused silica substrates using pulsed
laser deposition technique and their optical, structural and morphological properties were
investigated. The structural properties of the films were examined by x-ray diffraction (XRD)
and Raman spectroscopy and the surface morphology of the films was investigated using
atomic force microscopy (AFM). Transmission spectra were recorded at normal incidence, in
the 190-800 nm wavelength range and the optical band gap for the films were calculated by
considering a direct transition between valence and conduction bands. Complex optical
parameters such as refractive index, dielectric function and optical conductivity were
estimated employing an envelope method. Dispersion in refractive index was modeled using
DiDomenico-Wemple single oscillator parameterization of the inter-band transition. A
detailed analysis of the aforementioned properties of these thin films will be presented.
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P16: GROWTH AND CHARACTERIZATION OF TANTALUM OXYNITRATE THIN FILM FOR
SOLAR WATER SPLITTING

B.Thapa, R. Masso-Ferret”, R. Palai
University of Puerto Rico, Rio Piedras Campus
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The aim of our research was to develop Tantalum Oxynitrade (TaON) compounds with good
semiconducting properties. Our study was focused on growth, optimization, and
characterization of thin film nanostructures of TaON on Si and Pt/Si substrates by sputtering
deposition techniques. Structural, electric, and optoelectronic properties of TaON thin films
were studied using various characterization techniques. The crystalline structure of the films
was analyzed using X-ray Diffraction (XRD). In order to understand the conduction
mechanisms of the samples, we performed current-voltage characteristics. Hall Effect
measurements were done on the samples in order to determine band gap and charge carrier’s
mobility. Using REGAKU (Altima iii) X-ray difractometer in the Cu-Ka (A=1.540 A) radiation the
pattern of TaON films was recorded. It was compared with the PCPDF #72-2067 and found
that the films are polycrystalline. The XRD pattern was indexed with hexagonal crystal
structure. I-V curves were collected for one of the samples of TaON on Pt/Si. The best growth
conditions for our sample were obtained when the proportion of Oxygen-Nitrogen was less
than 15% Oxygen and more than 85% Nitrogen. The Hall Effect experiment of TaON on Pt/Si
could not be done because the platinum is more conductive than the TaON films. TaON was
then grown on glass in order to make the Hall Effect experiment. We want to use the TaON
on glass to obtain the bad gap by using a UV Transmission Spectrometer. With these results
we are contributing to the development of compounds with good semiconducting properties.
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P17: Structural, electrical and luminescence properties of tantalum oxynitride thin film
Bibek Thapa', Kiran Dasari’, H. Huhtinen?, J. Wang3, W.M. Jadwisienczak? and R. Palai'
'Department of Physics, University of Puerto Rico, San Juan, Puerto Rico, USA
’Department of Physics, University of Finland, Turku, Finland 20014

3School of Electrical Engineering and Computer Science, Ohio University, Athens, OH, USA

We account the structural, electrical and luminescence properties of dc sputtered tantalum
oxynitride (TaON) thin film grown on Si(111) substrate. The X-ray Diffraction (XRD) pattern
shows the formation of polycrystalline hexagonal tantalum oxynitride (a-TaON) thin film. The
Hall Effect measurement shows the highly doped n-type nature of the film with a massive
carrier (electron) concentration of -5.183 X102 cm and mobility of -85.58 cm?/Vs. The Schottky
Emission conduction mechanism dominates in the thin film which is responsible for the
leakage current. In adition, TaON is reported to have a high dielectric constant of 148. The
photoluminescence (PL) and cathodoluminiscence (CL) spectra reveals the existence of
visible emission with a broad band centering at around 525 nm.
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P18: Theoretical Design of MoO;-Based Nanodevices and High-Rate Lithium lon Battery
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Fengyu Li, Zhongfang Chen*
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Density functional theory computations were performed to examine the electronic and
magnetic properties of MoO; two-dimensional (2D) nanosheet and its derived one-
dimensional (1D) nanoribbons (NRs). The pristine 2D MoOs; sheet is a nonmagnetic
semiconductor with an indirect band gap, but can be transformed to a magnetic metal when
the surface O atoms are saturated by H. Depending on the cutting pattern, the pristine 1D NRs
can be indirect-band-gap nonmagnetic semiconductors, magnetic semiconductors or
magnetic metals. The fully hydrogenated NRs are metallic, while the edge-passivated NRs
possess the nonmagnetic semiconducting feature, but with narrower band gap values
compared to the pristine NRs. Both the 2D monolayer MoOj; sheet and the 1D nanoribbons
maintain the semiconducting behaviors when exerting axial strain. These findings provide a
simple and effective route to tune the magnetic and electronic properties of MoO;
nanostructures in a wide range and also facilitate the design of MoOs-based nanodevices.

Furthermore, we systematically and comprehensively investigated the behavior of
lithium (Li) adsorption and diffusion in three-dimensional (3D) bulk, 2D double-layer, 2D
monolayer and 1D nanoribbons (11-a and 12-¢) of MoOs;. Our computational results
demonstrate that due to the dimensional reduction, MoOs; monolayer nanosheets and
nanoribbons have exceptional properties (good electronic conductivity, fast Li diffusion, high
operating voltage and high energy density), thus are promising as high-rate Li ion battery
electrodes.

References
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P19: Novel y-MnS Nanowires as Light Source and for Energy Storage

Juan Beltran-Huarac', Oscar Resto’, Jingzhou Wang?, Wojciech M. Jadwisienczak?, Brad R.
Weiner', Gerardo Morell'
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USA

In this study, we investigate the self-assembly of single-crystal wurtzite-structured
manganese sulfide (y-MnS) nanowires (NWs) and their corresponding conformal coating with
sp2-bonded carbon via chemical vapor deposition using a single-step approach. Advanced
spectroscopy and electron microscopy techniques were applied to elucidate their structure,
size, morphology, coating and composition. Our studies indicate that the nanostructures are
atomically resolved, and exhibit high aspect ratios. Statistical analyses of both y-MnS and y-
MnS/C NWs show that they are structurally stable and do not present divergence in surface
energy. Extensive analyses on the synthetic protocol reveal that the formation of the NWs is
governed by a vapor-liquidsolid growth mechanism. Temperature-dependent optical studies
point out that y-MnS exhibit a predominant yellowish-orange emission band peaking at ~578
nm, which is most likely ascribed to the optically radiative recombination of electrons in
shallow traps of surface localized states and photogenerated holes caused by stacking faults.
Using a thermally activated carrier-transfer model, we have determined that the donor level
is located ~40 meV under the conduction band edge, which correlates well with the increased
surface-to-volume ratio present in the NWs. Moreover, it was found that long decay time
component of these nanostructures are significantly reduced to ~44 ps, when compared to
the bulk value of MnS, signifying that their performance as light source can be substantially
enhanced. The electrochemical performance of y-MnS/C NWs as an anode material for energy
storage in lithium-ion batteries indicates that they outperform the cycling stability of stable
micro-sized a-MnS and y-MnS nanowires, with an initial capacity of 1036 mAhg-1 and a
reversible capacity exceeding 503 mAhg" after 25 cycles. This efficient miniaturization
strategy represents a step ahead to provide novel one-dimensional metal sulfides to be used
as light source and for energy storage.
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P20: Photovoltaic Effect in Ferroelectric ZnO:Al/(Bio.gLao.1)(F€o.97Ta0.03)O03/Pt hetrostructures
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Recently, observation of switchable polarization-induced ferroelectric photovoltaic effect
(FEPV) in BiFeO; (BFO) has attracted great interest. In order to improve its FEPV properties,
co-substituted [Bio.gLao.1][F€o.97Ta0.03]03 (BLFTO) films were fabricated on Pt/TiO,/SiO,/Si
substrates by pulsed laser deposition (PLD). The phase formation of the films was confirmed
by X-ray diffraction and Raman spectroscopy studies. The FEPV properties in La and Ta co-
doped BiFeOs; (BFO) thin films were evaluated under illumination using sandwich
configuration with a transparent conducting electrode (TCE) ZnO:Al as top electrode. The TCE
electrode was deposited by PLD using a shadow mask on BLFTO thin films. The band gap of
the films was determined to be 2.66 eV from spectrophotometric measurements, which is
very close to that of pure BFO (2.7 eV). The ferroelectric nature of the films was characterized
by P-E loop measurements, which indicated that leakage was still the prominent factor for not
getting good polarization hysteresis. The piezo-force microscopy (PFM) studies however
confirmed the ferroelectric nature of the films. The photovoltaic effect of the films was
studied in both geometries, namely top-bottom and planar electrodes configurations. We will
present aforementioned investigations and discuss possible photovoltaic applications of the
above structure.
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Abstract:

This work covers the results from the latest microgravity experiments performed at NASA
Johnson Space Center in July 2014. The electrooxidation of ammonia have wide potential for
its use in space and on earth as an energy producing reaction in fuel cells and for the safe
processing of waste effluents containing urea/ammonia from a system for the recovery of
water from urine. Experiments in microgravity were performed in an electrochemical half-cell
using platinum micropillars as a working electrodes and in a Direct Ammonia Alkaline Fuel Cell
(DAAFC). Three platinum electrodes with different surface characteristics (1 flat and 2
micropillar heights) were used as working electrodes in a half-cell containing ammonia 1M pH
10. A Direct Ammonia Alkaline Fuel Cell with a platinum catalyst was used with a solution of
ammonia 1M pH 10 as the fuel on the anode side of the fuel cell and air in the cathode side.
The experiments were performed aboard a NASA airplane performing parabolic flights
creating a microgravity environment. Chronoamperometric analysis of the electrochemical
oxidation of ammonia performed in the ground versus microgravity shows a decrease in
performance in microgravity for the flat and the short micropillars (32 pm height); for the high
micropillars (62 pm height) the performance increased versus the ground experiment. For the
DAAFC a transient chronoamperometric analysis was performed during 17 parabolic
trajectories across the periods of hypergravity (1.7 g) and microgravity (0.02g) which occurs
in an alternate sequence. The data collected shows that the decrease in performance in the
DAAFCis directly correlated to the changes in gravity between hypergravity and microgravity.
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P22: Silicon modified strontium titanate for logic and memory devices
Sita Dugu, Shojan P. Pavunny, Yogesh Sharma, and Ram S. Katiyar

Department of Physics and Institute for Functional Nanomaterials, P.O. Box 70377, University of
Puerto Rico, San Juan, PR 00936-8377, USA.

The silicon based microelectronics industry is rapidly advancing towards the higher k- gate
oxides for energy efficient devices. The resulting advantages are the enhanced life-span along
with reduced leakage and improved performances. For this purpose high k-oxide and metal
gate electrodes are the alternative means. As an alternative gate-oxide, we have synthesized
silicon modified strontium titanate materials by high energy solid state reaction method and
evaluated their properties for logic and memory device applications. The structural
characterization of the developed materials was carried out using x-ray diffractometry and
Raman spectroscopy. Temperature dependent dielectric and charge transport measurements
were performed using LCR meter and electrometer, respectively. Detailed analysis of these
studies will be presented.
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P23: Ultra High Resolution Scanning Transmission Microscopy
Oscar Resto

Department of Physics, University of Puerto Rico, San Juan, Puerto Rico, USA

On the Multifunctional Nanomaterials the ability to observe the nanosystems had become
very important. Our researches synthesize one, two and 3D nanostructures exploring the
chemical/physics properties never experience before at samples on the micro and macro
structures.

In this work we will present the images of samples prepared by the several researchers of the
IFN, examples of almost 1-D nanostructures, 2-D single atomic layer structures, and 3-D volume
with single atom, diatoms, and nanosphere catalyst smaller than 2 nanometers. Also the
properties of stability of nanocristals by a one nanometer passivation layer minimizing the
structure fatigue and dislocations of the nanostructures giving an extended lifetime cycles.
Photovoltaic Cells of Titanium Dioxide coated by Carbon Single wall Nanotubes for better
electrical and Thermal conductivity that enhance the efficiency and operating temperature
for light harvesting materials. Decorated Nanotubes coated with nano diamonds for thermal
stability for improvement of field emission Electron source. Lattice atomic matching at the
substrate with the conductive layer and 4 and 8 nm super layered ferroelectric nano film. This
are a few of many NanoSciences work been study at the scale of several picometers giving us
the opportunity to observe and understand the science and properties of our NanoUniverse.
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P24: Nanoscale Ferroelectric and Tunneling Electroresistance in Multiferroic
Heterostructures

D Barrionuevo', Le Zhang?, N Ortega', A Sokolov>3, R S Katiyar’

'Department of Physics and Institute of Functional Nanomaterials, University of Puerto Rico,
San Juan, Puerto Rico 00931-3343 USA.

2Department of Physics and Astronomy, University of Nebraska-Lincoln, Lincoln, Nebraska
68588-0299 USA

3 Nebraska Center for Materials and Nanoscience, University of Nebraska-Lincoln, Lincoln,
Nebraska 68588-0298 USA

We demonstrate the room temperature polar switching and tunneling in PbZro.52Tio.4803 (PZT)
ultra-thin films of thickness 3-7 nm, sandwiched between platinum metal and ferromagnetic
La0.67Sr0.33MN0O5; (LSMO) layers, which also shows magnetic field dependent tunnel current
switching in Pt/PbZro.5,Tio.4805/Lac.67Sr0.33MNn0O; heterostructures.The epitaxial nature, surface
quality and ferroelectric switching of heterostructured films were examined with the help of
X-ray diffraction (XRD) patterns, atomic force microscopy (AFM), and piezo force microscopy
(PFM), respectively. The capacitance versus voltage graphs show butterfly loops above the
coercive field (>3 V) of PZT for small probe area (~16 um?). The effect of ferroelectric
switching was observed in current density versus voltage curves with a large variation in high-
resistance/low-resistance (HRS/LRS) ratio (2:1 to 100:1), however, these effects were more
prominent in the presence of in-plane external magnetic field. The conductance is fitted with
Brinkman’s model, and the parabolic conductance upon bias voltage implies electron
tunneling governs the transport.

Reference:

D. Barrionuevo, Le Zhang, N. Ortega, A. Sokolov, A. Kumar, Pankaj Misra, J. F. Scott, R. S.
Katiyar. Tunneling Electroresistance in Multiferroic Heterostructures. Nanotechnology. 25,

495203 (2014).
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P25: Nanoscale switchable polarization, leakage current behavior of
(Ba0.955Ca0.045)(Zro.17Ti0.83)03 epitaxial thin films

Venkata Sreenivas Puli*>",Dhiren K.Pradhan?, R.Martinez?,Shiva Adireddy’, Douglas B.
Chrisey’, Ram. S. Katiyar?

'Department of Physics and Engineering Physics, Tulane University, New Orleans- LA 70118,
USA

2Department of Physics, University of Puerto Rico, San Juan-00936, PR, USA

E-mail :(*) pvsri123@gmail.com , vpuli@tulane.edu

Recently, lead-free barium zirconium titante- barium calcium titante ceramics and thin films
have been gaining attention owing to its high ferroelectric and piezoelectric properties. By
suitable site engineering both at Ba and Ti-sites in BaTiO3, it is possible to observe an
improvement in the ferroelectric and piezoelectric properties. In this study epitaxial
(Ba0.955Ca0.045)(Zro0.17Tio.83)03-BZT-BCT thin films (~360onm) in the proximity of
morphotropic-phase-boundary (MPB) composition were grown on conductive
La0.55r0.5C003 (LSCO) coated on MgO (100) single crystal substrates by pulsed laser
deposition (PLD) at 700°750°C. HR-XRD reciprocal space maps (RSMs) measurements
confirmed epitaxial films with reasonably good crystalline quality with an in-plane tetragonal
symmetry (c<a) at room temperature. Ferroelectric, electric field dependent dielectric
properties, temperature dependent leakage current behavior, breakdown electric field and
the energy density of thin films were investigated. Polarization studies demonstrate that
these BZT-BCT films exhibit a large remnant and saturation polarization of ~12.17 uC/cm2 and
~56.2 puC/cm2, respectively, with a coercive field of 0.30 MV/cm. The ferroelectric P-E
hysteresis loops show a discharge energy density ~ 15 J/cm3 and charge energy density ~23 J/
c¢m3 at maximum field of ~2.75 MV/cm. The leakage current behavior curves were obtained at
the maximum breakdown electric field of ~2.75 MV/cm at different temperature (273 -450 K)
and possible conduction mechanism is discussed. Piezoresponse Force Microscopy (PFM)
technique has been employed to acquire out-of-plane (OPP) piezoresponse images and local
piezoelectric phase hysteresis loop. The PFM amplitude and phase images agree well with
each other. PFM images revealed that switchable ferroelectric piezoelectric contrasts after
the application of + 9V AC voltage on the conductive tip of the PFM.
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P26: Magnetoelectric coupling and Photovoltaic effect in transition metal modified
polycrystalline BiFeO3 thin films

Venkata Sreenivas Puli">", Dhiren Kumar Pradhan?, Rajesh Katiyar?, Gollapudi Srinivasulu3,
Indrani Coondoo?, Neeraj Panwar>, Shiva Adireddy’,Douglas B.Chrisey’, Ram S. Katiyar?

'Department of Physics and Engineering Physics, Tulane University, New Orleans- LA 70118, USA

2Department of Physics and Institute of Functional Nanomaterials, University of Puerto Rico,
San Juan-00936, PR, USA

3Physics Department, Oakland University, Rochester, Michigan 48309-4401, USA

4Department of Materials and Ceramic Engineering & CICECO, University of Aveiro, 3810-193
Aveiro, Portugal

>Department of Physics, Central University of Rajasthan, Bandarsindri, Rajasthan-305801, India

E-mail :(*) pvsri123@gmail.com

We report magnetoelectric coupling behavior and photovoltaic effect in multiferroic
Bi0.9Smo0.1Fe0.95C00.0503 (BSFCO) thin films. Rare-earth(Sm) and transition metal (Co)
modified polycrystalline BiFeO3 (BFO) thin films have been deposited on Pt/TiO2/SiO2/Si
substrate successfully through pulsed laser deposition (PLD) technique. Photovoltaic
response is observed under illumination both in sandwich and lateral electrode
configurations. The open circuit voltage (Voc) and the short circuit current density (Jsc) of the
films in sandwich electrode configuration under illumination are measured to be 0.9V and -
0.051 pA/cm2. Piezoelectric, leakage current and temperature dependent dielectric and
magnetic behaviour were investigated for the films. Typical "butterfly-shaped" loop were
observed in BSFCO films with an effective piezoelectric constant (d33) ~ 94 pm/V at 0.6
MV/cm. High dielectric constant~900 and low dielectric loss~0.25 were observed at room
temperature. M-H loops have shown relatively high saturation magnetization ~35 emu/cm3 at
amaximum field of H~20kOe. Enhanced magnetoelectric coupling response is observed under
applied magnetic field. The multiferroic, piezoelectric, leakage current behaviours were
explored. Such studies should be helpful in designing multiferroic materials based on BSFCO
films.
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P27: Humidity effects on tip-induced polarization switching in Pb(Feo.sNbo.5)O;

Dhiren K. Pradhan’, Evgheni Strelcov?, Rama Vasudevan?, Venkata S. Puli3, Sergei V. Kalinin?,
Ram S. Katiyar'

'Department of Physics and Institute of Functional Nanomaterials, University of Puerto Rico,
San Juan-00936, PR, USA

>Center for Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak Ridge,
Tennessee 37831, USA

3Department of Physics and Engineering Physics, Tulane University, New Orleans, Louisiana,
LA 70118

Piezoresponse Force Microscopy (PFM) has emerged as a powerful tool for experimental
investigations of ferroelectric materials. In the imaging mode, PFM allows visualization of
static domain structures with nanometer spatial resolution. Application of a sufficiently large
voltage through a conductive Scanning probe microscopy (SPM) tip can induce local
polarization switching and can be extended for creation of tailored domain structures and
ferroelectric data storage. Finally, acquisition of the piezoresponse signals during polarization
reversal allows measurement of local hysteresis loops, which can be used for characterization
of the switching process in the nanoscale area in vicinity of the tip. The broad application of
PFM for probing domain structures and polarization reversal in ferroelectrics demands deep
understanding of the basic mechanisms involved. PFN (Pb(Feo.sNbo5)Os3) is a well known
multiferroic material with high dielectric constant, very good ferroelectric properties, low
dielectric loss and low magnetization value at room temperature.PFN thin films were grown
at 600° C by pulsed laser deposition (PLD) .The thicknesses of PFN thin films are found to be
~70 nm. The highly c-axis oriented growth containing only (ool) diffraction peaks of PFN films
along with in plane epitaxial relationship were confirmed by high resolution X-ray diffraction
measurements.From the atomic force micrographs it was observed that all the films were
densely packed, smooth, free from microcrack and particulates with uniform grain-size
distributions. The existence of ferroelctricity and band excitation switching of polarization are
confirmed from the Piezo Force Microscopy (PFM). PFM images showed clear and reversible
out-of-plane phase contrast above + 5 V. The local polarization reversal by an electric field
produced by a conductive SPM tip as a function of the relative humidity in an SPM chamber
has been studied. The decrease of piezoresponse is observed with increase of relative
humidity. The observed phenomena are attributed to the existence of a water meniscus in the
vicinity of the tip—surface contact. Detailed studies on effect of humidity on piezoresponse of
PFN will be discussed in the meeting.
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P28: Ferromagnetism in ZnO thin films grown by the reactive pulsed DC magnetron
sputtering technique

Adrian Camacho-Berrios’, Wilfredo Otafio?, Victor Pantojas?, Carlos Ortiz?
'University of Puerto Rico, Rio Piedras campus,

2University of Puerto Rico Cayey campus

The physical properties of ZnO have made this material of interest in spintronic applications.
In the last decade it has been reported that when ZnO is doped with transition metals, such
as Co and Mn, it exhibits ferromagnetic ordering above room temperature. Other groups
claim that undoped ZnO can also exhibit ferromagnetism due to point defects (oxygen
vacancies and zinc interstitial). In addition, the intercalation of layers of zinc and ZnO has been
used to produce a ferromagnetic response. The mechanism(s) for the ferromagnetic ordering
is still unclear for ZnO. For this reason, ZnO thin films have been deposited by the reactive
magnetron sputtering technique to study how defects influence their magnetic properties.
Several plasma process parameters have been varied to affect the densities of specific defects
in order to correlate them with the film magnetic properties. In particular, low sputtering
powers and high substrate temperatures have been used to increase adatom mobility during
deposition while oxygen to argon ratio and deposition pressure are expected to produce
changes in oxygen vacancies, zinc interstitials and properties such as stress and densification.
The deposited samples were studied using XRD, AFM, UV-VIS, VSM and MPMS. These results
will be presented with emphasis in the ferromagnetic behavior of pure and doped samples.

http://www.multifunctionalnanomaterials.org/ Page 41 of 61


http://www.multifunctionalnanomaterials.org/

P29: Growth, and Characterization of Er and Yb doped In;.xGaxN thin films

Kiran Dasari', Bibek Thapa', Maxim Guinel', W.M. Jadwisienczak?, H. Huhtinen3 and Ratnakar
Palai’

'Department of physics, University of Puerto Rico, San Juan, Puerto Rico, 00931
>School of Electrical Engineering and Computer Science, Ohio University, Athens, OH,
us

3Department of Physics, University of Turku, Turku, Turku, Finland

Among all the IlI-nitrides (InN, AIN, and GaN) and their alloys, high indium content InGaN is a
promising material for the optoelectronic devices, spintronic, and photovoltaic applications
in the visible range. Due to the critical problems like phase segregation, growth of high indium
content InGaN thin films has became as a great challenge. The wurtzite structured pure and
rare earth doped high indium content InGaN thin films were grown on the (0001) sapphire (c-
Al;O;) substrates at different growth conditions using radio frequency plasma assisted
molecular beam epitaxy. Rare-earth materials like Er3* and Yb3* were in-situ doped into the
thin films of InGaN using highly pure material. The elemental analysis of all the thin films have
been studied with X-ray photoelectron spectroscopy (XPS). Ga, In, N and Er peaks were clearly
observed in the XPS spectra. The crystallinity of the films was inspected by real time RHEED
experiments. The X-ray diffraction of the doped films showed single crystalline nature in c-axis
orientation without any second phase where as a secondary phase has been recognized in the
pure InGaN. The optical properties of the films were studied by the photoluminescence at
various temperatures from 11 K to 300 K. The defect free and visible emission has been
observed in the temperature dependent PL. The emission peak has been narrowed with the
rare earth doping. The In concentration has been determined to be 30-39% from the
photoluminescence by applying vegard’s law. The carrier life time has been also improved
with the Yb doping. The exciton localization energy has been increased with the increase in
the In content. The fastest PL decay was observed in the pure InGaN where as the slow decay
was found with the low In content. High resolution transmission electron microscopy
(HRTEM) has revealed the nanorods of 15 to 25 nm long and 15 nm diameter. The electron
diffraction pattern of the nanorods showed the growth orientation along the [310] zone axis.
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P30: Ferromagnetic/Ferroelectric/Ferromagnetic Spin Capacitors for Magnetoelectric
Devices

Fernando Aponte, Luis Fonseca, and Ratnakar Palai
Department of Physics, University of Puerto Rico, San Juan, PR 00936, USA

Abstract:

A Spin Capacitor is a device that stores electronic charge and magnetic spin and produces
conventional electric current and spin polarized current. The proposed device structure consists of the
piezoelectric insulating material (NAVY-Il Pb(Zr,Ti)Os (PZT)) connected to the ferromagnetic electrodes.
The time evolution of spin polarized electrons injected into the piezoelectric material can be used for an
accurate sensing of magnetoelectric field. NAVY-II PZT has lowest the dielectric dissipation (< 2%) and high
piezoelectric coefficient (dss = 400 x 102 m/V). In the present work, we fabricated three types of
capacitors, one being a conventional capacitor with electrodes made of silver, the second one was a spin
capacitor with both electrodes made of ferromagnet (iron), and the third one was made with one
electrode of silver and the other of iron. The iron electrodes was deposited by sputtering, whereas the
silver electrodes were made using ultras high pure silver paint. In order to understand the magnetoelectric
coupling in spin capacitors, frequency dependent capacitance, dielectric dissipation factor (tan &),
impedance, and phase angle (8) were studied as function of magnetic field. Significant differences have
been observed in magnetoelectric measurements and will be discussed in details.
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P31: Effect of Periodicity on Order Parameters of Multiferroic Nanostructures
Shalini Kumari', Nora Ortega’, Ashok Kumar?, Ram S. Katiyar
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Multilayers (MLs) and Superlattices (SLs) have attracted enormous attention because of the
intriguing physics involved in such a system and intensive interest for technological
applications. Fabrication of SLs suggests an exclusive approach based on interface
engineering to produce artificial materials with unique properties and manipulation of the
strain and chemical heterogeneity to exhibit entirely new or enhanced properties which are
absent in constituent materials. Multiferroic MLs and SLs exhibit superior properties like low
loss, high dielectric constant, very good ferroelectric and magnetic properties, which make
them suitable candidate for memory device applications. MLs and SLs of the colossal
magnetoresistive Lao.67Sro33Mn0O;  (LSMO)  and low  loss multiferroic
Pb(Zro.53Tio.47)0.60(F€0.5Ta0.5)0.4003 (PZTFT) materials have been fabricated by pulsed laser
deposition on (100) (LaAlOs3)o3(SrAlTaO¢)o.; (LSAT) substrate with LSMO as bottom
electrode. X-ray diffraction revealed well oriented (0ol) perovskite structure in all structures,
in case of MLs two peaks corresponding to LSMO and PZTFT were observed, while in SLs
satellite peaks modulated around main peaks were present. The computed modulation period
(A) by Bragg’s condition revealed that the SL structure was observed below A ~20 nm. Atomic
force microscopy studies showed a systematic decrease in grain size with decrease of A in
PZTFT/LSMO structures. Piezo force microscopy studies of MLs and SLs films confirmed
ferroelectricity at nanoscale level. XPS studies of SLs with A=5nm confirmed the existence of
all elements in the films. A relatively small reduction in saturation magnetization from 28 to
20 emu/cm3 at H = 5 kOe, remanant polarization from ~ 21 to 10 uC/cm? and increase in
dielectric constant from 530 to 743 were observed with decrease of A in SL structures. The
detailed observed features will be explained in context of finite size, interfaces, stress, lattice
distortion, and grain sizes effects.
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P32: Improved multiferroic properties of BiFeO; (BFO) ceramics through La and high
valence Ta co-doping

Yogesh Sharma’, Rajesh K. Katiyar!, Manoj K. Singh?, and Ram S. Katiyar’
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We report on the improved multiferroic properties of BiFeO3 through atomic substitutions of
rare-earth La and higher valence transition metal Ta at Bi (A) and Fe (B) sites, respectively.
Bio.gLao.1F€0.97T0.0303 (BLFTO) ceramic was prepared by conventional solid-state reaction
method. The single phase formation of BLFTO was confirmed by X-ray diffraction analysis. This
co-substitution leads improved multiferroic properties in terms of higher remanent
magnetization (M;) and polarization (Pr) of 3.5 emu/g and 1.25uC/cm? respectively as
compared to pure BFO. The possible explanations of as obtained higher values of
magnetization and polarization can be explained in terms of suppression of spiral spin
structure because of La doping and reduced leakage current by eliminating the oxygen
vacancies due to high valence Ta atom doping, respectively. The current -voltage
characteristics of the Pt/BLFTO/Pt metal-insulator-metal capacitor structure confirmed the
reduction in leakage current about one order of magnitude lesser than the pure BFO. Further,
the dielectric measurements showed low dielectric loss and higher value of real part of
dielectric permittivity especially due to the Ta-doping which suppressed the motional charge
densities created by oxygen vacancies. Hence, the improvement in the multiferroic properties
has been obsereved in co-doped BLFTO.
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P33: Electric modulation of magnetization in a room temperature magnetoelectric PFNZT
ceramic
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In modern electronic devices, the information data are mostly stored as magnetic bits, while
these information bits are operated in semiconductor junctions with the on/off bistable
transport. There are several points of congestion of these electronic devices. For example,
the writing of magnetic bits still needs an electrical coil to generate magnetic field, which
limits the further increasing of storage density, and is not power-saving. Further, all
semiconductor junctions are electrical volatile, consuming too much energy and heating
devices. Multiferroic magnetoelectric materials [MF], with particularly electric-field control of
magnetism at room temperature, may provide an alternative way to overcome these
problems, since it permit to record nonvolatile magnetic bits using pure electric voltage
instead of current, which can make devices faster, smaller, more stable and energy-saving
comparing with the current ones [1,2]. However the few single phase MF materials
discovered, exhibits very small linear magnetoelectric coefficients or at very low temperature
to fabricate this kind of devices. In this work, we have achieved a 120% modulation (+60% to -
60%) at room temperature in the magnetization M(E) by applying a modest voltage in a ball-
milled single-phase multiferroic crystal lead iron-niuboum-zirconate-titanate (PFNZT). At
room temperature, PFNZT present square ferroelectric hysteresis loop with remanent
polarization as ~30uC/cm2, and magnetic properties is also well behaved, with remanent
magnetization as ~0.07emu/g. Additionaly, the PFNZT material exhibit high dielectric constant
(~10000) and very low dielectric loss (~2%), which are good properties to eventually
incorporate it in devices[3]. Dynamic magnetoelectric measurement reveal coefficients
alpha(31) and alpha(33) of 2.5 and 0.7 mV/cm.Oe respectively. Switching occur with
reproducible magnitude without fatigue, the percentage changes in magnetization M(E) with
electric field are large (ca. 60% at E=10 kV/cm) implying that real devices can be made. This
converse switching of M with E complements earlier studies of P with H in the isomorphic
family member PbFe(1/2)Ta(1/2)/PZT [4] and is more useful for memory devices.

References:

[1] X. Huang et al., Mod. Phys. Lett. B. 28, 1430010 (2014)
[2] S. Zhang et al., Sci. Rep. 4,3727 (2014).

[3] D. Sanchez, et. al. J. Appl. Phys. 113, 074105 (2013)
[4] D. Evans et al., Nat. Commun. (2013)
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P34: Tuning of Magnetic Properties in Cobalt-Doped Nanocrystalline Bismuth Ferrite
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The present work addresses the structural and magnetic characterizations of free standing
BiFeOs; nanoparticles synthesized using a polyol technique. Fine tuning of the ferrite
properties was achieved by synthesizing the powders in excess of Bi ions and incorporating
cobalt in the ferrite host lattice. Crystalline Bi;yCoyFeO5; powders (where ‘y’ ranges from 0.05
to 0.10) were produced after annealing the precursors for one hour at 700°C. The average
crystallite size was calculated to be approximately 22 nm. We found that incorporating an
excess of Bi (up to 10at.%) promoted a more complete crystallization of the material, i.e., no
precursor phases remained. Furthermore, both the saturation magnetization and the
coercivity of the synthesized powders were strongly influenced by the concentration of Co.
They increased from 0.13 emu/g and 19 Oe to 3.5 emu/g and 1183 Oe for pure and 10 at.% Co-
doped BiFeOs3, respectively
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High-Throughput Manufacturing of Polymer-Ceramic Nanocomposite Dielectric Capacitors
Designed for Energy Storage

Brian Riggs, Ravi Elupula, Shiva Adireddy, Venkata Srinivas Puli, Scott Grayson,
and Douglas B. Chrisey
Physics and Engineering Physics Department, Tulane University, New Orleans, LA 70188

High energy density, high power density energy storage methods are necessary in order to
meet the growing energy demands within the fields of grid stabilizing, personal power,
backup power, mobile power, and military applications. Dielectric capacitive storage provides
the necessary power and lifetime properties, but falls short in gravimetric energy storage and
thereby eliminates them for large-scale applications. Two material properties define the
energy density of a dielectric layer: the dielectric constant and the breakdown as derived from
the definition of capacitance. There has been significant of work over the past ten years trying
to maximize either the breakdown field or the dielectric constant in order to increase the total
energy density, however, these improvements still fall short of the energy density
requirements and methods that address both properties are needed. Former research that
tries to increase both dielectric constant and breakdown field through nanocomposites
consisted of mixing high dielectric nanoparticles with known high breakdown polymers with
the assumption that, although both the dielectric constant and breakdown field will reduce
below the pure materials, there will be an overall increase in energy density. However the
interface of the nanoparticle and polymer matrix creates a void which acts as a charge
concentrator, greatly reducing the breakdown field. Elimination of this gap greatly increases
the breakdown field of the nanocomposite film. By designing a thermally and electronically
stable polymer (properties necessary for high breakdown strength) that is cured through UV
processing, functionalized high dielectric constant nanoparticles can be directly bonded into
a high breakdown polymer matrix. The design of a high breakdown material requires the
control of the structure and chemistry to increase cross-linking, crystallinity, dipole traps, and
dipole interactions. Thiol alkene click chemistry, combined with precise curing techniques
(such as xenon flash curing), offers the control necessary to design a polymer to create a high
breakdown dielectric. Although the material design is the most significant aspect to meet the
energy demands, the processing techniques must be scalable (>10 cm?/min) and energy
efficient to gain industrial acceptance. During the design of the high energy density materials,
fluid properties are characterized and optimized so that they can be printed by roll-to-roll
processing, making them amenable to large-scale production. Thiol-alkene based polymer-
ceramic nanocomposites are inkjet printed and photonically cured to produce high-energy
(>32 J/cm3), high-power density dielectric capacitors.



Invited Talk

Hybrid Semiconductors Built on Inorganic Nanomodules: Designing Nanostructured
Materials for Clean Energy Applications

Jing Li

Department of Chemistry and Chemical Biology, Rutgers, The State University of New Jersey
Piscataway, NJ 08854 USA

Email: jingli@rutgers.edu

Crystalline hybrid semiconductors built on periodically ordered inorganic and organic
nanomodules represent a new type of functional materials that are of great fundamental
importance and practical relevance. Recently, we have developed several such material
families by rational design strategy and self-assembly process. These hybrid materials are
comprised of nanometer or sub-nanometer sized binary semiconductor modules (e.g. 0-D
clusters, 1-D chains, and 2-D slabs) that are covalently bonded to organic molecules to form
perfectly ordered crystal lattices. They possess significantly enhanced properties over their
binary parent compounds (e.g. more efficient energy absorption, lower thermal conductivity,
and improved emission, all highly desirable for clean energy applications. More importantly,
they often exhibit new phenomena and unique features that are not be attainable with either
of the individual inorganic or organic component alone. In addition, the optoelectronic
properties of these materails can be systematically tailored and optimized by modifying their
crystal structure, dimensionality, and chemical composition.
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Oral presentation: Preparation of Tungsten Oxide Nano-Ribbons, their Grafting with
Platinum or Palladium Nanocrystals and the Evaluation of their Photocatalytic Activities

Maxime Guinel

Departments of Chemistry & Physics, College of Natural Sciences, University of Puerto Rico, PO
Box 70377, San Juan, PR 00936-8377, U.S.A.

e-mail: maxime.guinel@upr.edu

Tungsten oxide (WOs) nanostructures receive sustained interest for a wide variety of
applications, and especially for its usage as a photocatalyst. It is therefore important to find
suitable methods allowing for its easy and inexpensive large scale production. An
environmentally benign method capable of producing large quantities of materials was used
to synthesize tungstite (WOs.H,0) leaf-shaped nanoplatelets (LNPs) and nanoribbons (NRs).
These materials were simply obtained by aging of colloidal solutions prepared by adding
hydrochloric acid (HCI) to dilute sodium tungstate solutions (Na;W0Q,.2H,0) at a temperature
of 5-10°C. When dispersed in water, the LNPs and NRs take many days to settle, which is a
clear advantage for photocatalysis. WO5; NRs were obtained by annealing tungstite WO;.H,O
NRs.

The phase transformation was observed to happen below 300°C and the structure of the NRs
changed from orthorhombic WO3.H.O to monoclinic WO;. This phase transformation was
rigorously studied by heat treating a series of samples ex situ in ambient air up to 800°C and
characterizing them afterwards. A temperature-dependent Raman spectroscopy study was
performed on tungstite NRs between minus 180°C and 700°C. Also, in situ heating
experiments in the transmission electron microscope were carried which allowed for the
direct observation of the phase transformation. X-ray diffraction, electron diffraction,
electron energy-loss spectroscopy and x-ray photoelectron spectroscopy were employed to
characterize precisely this transformation. The performance of WO; can be greatly improved
by reducing the overpotentials using co-catalysts so that proper sites for Red/Ox reactions
become available while also reducing recombination effects. Pt and Pd catalyst nanocrystals
were firmly anchored (or grafted) onto the surface of WO3 NRs using an easy photodeposition
technique. These materials were tested for their photocatalytic activities.
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Invited Talk
A Theranostic Ceramic Nanovector for Malignant Neoplastic Diseases
Sandwip K. Dey

Materials Program, Electrical Engineering, andCenter for Interventional Biomaterials;Ira
A. Fulton College of Engineering, Arizona State University, Tempe, AZ 85287

Email: Sandwip.dey@asu.edu

Hydrotalcite-like layered double hydroxide (LDH) materials are well-known for their
anion-intercalating properties, and the general empirical formula can be denoted as
[MIM™ (OH)242x]F(A® JyjemH20 (with x = 1-5), where M and M'" are divalent and
trivalent cations (e.g., M"'= Mg?*, Co?*, Zn**; M = A3+, Ga3*, Fe3*, Mn3*, Gd3*, etc.), and
A% is an anion with a negative charge of a. Here, the M''is octahedrally coordinated by
OH, with the octahedra sharing edges to form the M!" hydroxide layer. The
isomorphous substitution of M by M'' renders the layer with positive charges, which
are then neutralized by exchangeable anions intercalated between the successive
double hydroxide layers, together with water held in the interlayer gallery via hydrogen
bonding to the hydroxyls. Their applications in bulk form have been in the areas of
catalysis, environmental remediation, and ceramic precursors. Recently, LDH
nanoparticles (NPs) with different intercalated compounds have exhibited versatility
and promises in biomedicine as a theranostic nanovector, i.e., a nanoparticulate
platform having therapeutic and imaging attributes.Therefore, from both the colloid
science point of view and to answer the question of whether LDH-based nanovectors
will be accepted for the treatment and imaging of malignant neoplastic (cancerous)
diseases, determining the effects of synthesis parameters, understanding the
mechanisms of structure evolution, and ascertaining the efficacy of such NPs for drug
delivery and imaging is imperative.

This workshop presentation will first report the results of statistically-designed synthesis
experiments to develop a response model, which allows the synthesis of nearly
monodispersed LDH NPs with controlled mean particle size. Next, the structure evolution,
from coprecipitation to hydrothermal treatment and monitored by zeta potential and
electron microscopy, of LDH NPs, will be presented to understand the formation mechanisms.
Additionally, (a) in vitro studies on the drug delivery capability, pancreatic adenocarcinoma
BxPC-3 cellular uptake, and biocompatibility of LDH NPs, (b) metal core-LDH shell structure
development and plasmon resonance, and (c) proton nuclear magnetic resonance of
Gd(DTPA)-intercalated LDH NPs will be briefly discussed to demonstrate the potential of this
theranostic platform.
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Invited Talk

Interface-Tailored Oxide Thin Film-Based Nanolaminates Involving High-k and High-
Piezoelectric Materials

Geunhee Lee,' Erika M. A. Fuentes-Fernandez,' Guoda Lian," Ram S. Katiyar,3 Orlando
Auciello™?
' Department of Materials Science and Engineering, University of Texas at Dallas,
Richardson, TX 75080, USA
> Department of Bioengineering, University of Texas at Dallas, Richardson, TX 75080, USA
3 Institute for Functional Nanomaterials, University of Puerto Rico, San Juan, 00931-3343,
USA
E-mail: geunhee.lee@utdallas.edu (G. L) or orlando.auciello@utdallas.edu (O. A)

In this talk, we will present our recent research about various oxide thin films integrated into
novel nanolaminate structures, which exhibit abnormally high dielectric constant (high-k) and
high piezoelectric coefficient.

As the first topic, we have published work that provided the fundamental scientific bases for
the unusually high dielectric constant (high-k) observed in TiOx/Al,O3 nanolaminates (TAO-
NL). Our studies revealed that the high dielectric constant is induced by the Maxwell-Wagner
polarization (or relaxation), mainly due to the charge carrier accumulation at the interfaces of
insulating Al,O; and semiconductive TiOx layers. This part of the talk will focus on discussing
the extensive systematic investigation of the dielectric properties related to interface
tailoring from possible combination of the TiOx and AlLO; layers. Optimized TAO-NLs show
very high dielectric constant up to ~ 1000 with low leakage current density (< ~ 109 A/cm?) as
well as low loss (< ~0.01), and extended cut-off relaxation frequency to higher than 10°® Hz.

In relation to the second topic, we will discuss the R&D we did focused on studying and
developing novel BiFeOs;/SrTiOs/BiFeO; nanolaminates (BSB-NLs), which exhibit very high
piezoelectric coefficient. The lead-free ferroelectric BiFeOs; (BFO) has attracted much
attention due to its superior properties in both epitaxial and polycrystalline thin films for
potential applications to multiferroic-based devices. The remnant polarization Prand out-of-
plane converse piezoelectric coefficient ds;;are comparable to those of the tetragonal, Ti-rich
PZT system. However, the BFO films exhibited large coercive fields and a large leakage
current, which might limit the applicability of BFO in devices. Here, we report a reduced
leakage current behavior of ferroelectric BFO films as we insert an insulating layer like SrTiO;
with nanometer-scale thickness in between BFO layers. The BSB-NLsshow still high remnant
polarization with reduced leakage current. We will discuss the mechanism responsible for the
high polarization and low leakage current behaviors of BSB-NLs, and the potential application
to BFO-based piezoelectrically actuated MEMS devices for biomedical applications (e.g.,
biosensors and drug delivery systems), based on the potential demonstration of
biocompatibility for BFO, which has components that are basically biocompatible.
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Oral presentation: Nanoscale morphology of organic solar cell device characterization
using AFM

Josee Védrine-Pauléus

Department of Physics and Electronics, University of Puerto Rico, Humacao, PO. 860, Humacao,
PR 00792

The properties of the organic bulk heterojunction used in device electronics have significant
implications on device performance. Our work presents the morphology of thermal annealed
BHJ thin films before deposition of the cathode layer using atomic force microscopy
(AFM). Results confirm clustering of nanofibrillars when thermally annealed. Although the
driving force that contributes to the aggregation of the P3HT fibril network is not well
understood, the contributing factors due to higher temperature annealing
either before or afterencapsulation of these networks have a dominant effect on overall solar
cell device performance. We also present preliminary results of the conductive properties of
P3HT thin films annealed for a fixed temperature and varying time to better optimize
parameters for flexible organic solar cells.
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Invited Talk
Two Dimensional Materials for Terahertz Electronics and Optoelectronics Applications
Michael Shur’, V. Ryzhii?, and T. Otsuji?
"Rensselaer Polytechnic Institute, Troy, USA, shurm@rpi.edu
2 Research Institute for Electrical Communication, Tohoku University, Sendai, Japan,

v-ryzhii@riec.tohoku.ac.jp

During ten years since the first reports of the field effect in graphene, detailed studies of the
single and multiple atomic layer graphene and other two-dimensional (2D) materials, such as
MoS,, revealed unique properties of this material system, including gapless or varying band
gap spectrum, high room temperature and cryogenic electron and hole mobilities, high
thermal conductivity, and ballistic transport in graphene at micrometer scale at room
temperature. Numerous devices proposed or explored based on the 2D materials include the
top and bottom gated field effect transistors, THz graphene lasers, THz graphene plasmonic
lasers, THz and infrared detectors, graphene plasmonic crystals, modulators, mixers,
photomixers, bolometers, doped and field effect induced p-n junctions and tunneling
structures, bipolar junction transistors, resonant tunneling diodes, resonant tunneling field
effect transistors, single electron transistors, vertical heterostructure transistors,
micromechanical devices, nonvolatile memory cells based on MoS,/graphene
heterostructures, transparent contacts, substrate separating layers, and liquid and gas
sensors. The hBN and WS, films used for the barrier layers separating the 2D materials atomic
layers enable additional devices, such as double-graphene-layer structures for THz lasing or
detection. Unique properties of the plasma waves (the waves of the electron and hole
density) propagating with very high velocities and relatively small attenuation enable
graphene THz plasmonic devices with larger characteristic feature sizes than for conventional
semiconductors. Metal gratings or interconnect wires couple the THz radiation and plasma
waves allowing for the polarization and helicity dependent THz detection in plasmonic and
bolometric regimes. Sharp responsivity peaks at the fundamental plasma mode and its
harmonics are the predicted signatures of the THz plasmonic response. In this presentation,
we will discuss, analyze and report on modeling and simulation of the 2D materials-based
proposed and implemented device structures, where plasmonic effects play a role enabling
their applications in the THz frequency range.
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Invited Talk
Enhancing application potential of graphene by its integration with 3D and 2D materials
Anirudha V. Sumant

Center for Nanoscale Materials, Argonne National Laboratory, Argonne, IL, USA

Owing to its high carrier mobility, high Young’s modulus, and high thermal conductivity,
graphene has been a center of attraction for researchers around the world particularly for
exploring its use in developing faster, efficient electronic devices, sensors and understanding
the fundamental physics of electronic transport in 2D materials [1]. However, the fact that the
one atom thick graphene membrane strongly affected by the substrate interactions puts limit
on exploiting excellent intrinsic properties of graphene for various applications. Moreover,
absence of bandgap in graphene is another limiting factor reducing the application potential
of graphene for semiconductor electronics.

In my talk, I’ll discuss how graphene’s potential could be further exploited by integration with
appropriate conventional 3D materials such as diamond [2] and other 2D layered
semiconducting transition metal dichalcogenide (TMD) materials such as Tungsten diselenide
(WSe2). I'll first discuss the case of our recent work on converting top layer of diamond thin
films into single and multilayer graphene using a novel process that we have developed which
completely eliminates the graphene transfer process and allows fabrication of devices on
diamond thin film coated silicon substrate at wafer-scale. In the second part of my talk, I'll
discuss integration of graphene with WSe2 demonstrating fabrication of first all 2D, optically
transparent and flexible thin film transistor [3]. In this case, we show that all 2D TFT
outperforms the state of the art a-Si TFT in mobility, drive current capability, and charging
time. Additionally, optically transparency and flexible nature of all 2D TFT further promises its
application potential in shaping the future of next generation of energy efficient flexible
electronics devices.

References:

1. Novoselov et al., Nature, 490, pp. 192, (2012).
2. Yuetal., Nano Letters, 12(3), pp. 1603, (2012).
3. Das etal,, Nano Letters, 14(5), 2861 (2014).

Use of the Center for Nanoscale Materials was supported by the U. S. Department of Energy,
Office of Science, Office of Basic Energy Sciences, under Contract No. DE-AC02-06CH11357
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Oral presentation: Electronic transmission of graphene monolayers controlled by graphene
nanoribbons

Jungiang Lu

University of Puerto Rico at Mayaguez

Electronic transmission of a graphene monolayer cannot be controlled by a gate voltage due
to the Klein tunneling. In this talk, | will present that electronic transmission of a monolayer
can be reduced when covered by a nanoribbon due to interlayer interference. | will also
present a concept of “combination of control” when a monolayer is covered by more than
one nanoribbon and discuss the novel physics involved and possible application designs.
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Oral Presentation: Design of Dye-Adsorbates for High-Potential Photo-Anodes by
Optimization of Level Alignment and Electron Transfer Rates

Dalvin Méndez-Hernandez, Matthieu Koepf, Bradley J. Brennan, Charles A. Schmuttenmaer,
Gary W. Brudvig, Robert H. Crabtree and Victor S. Batista

Department of Chemistry, Yale University, New Haven, CT 06520-8107

Making solar fuels from sustainable resources (e.g., CO, and H,O) remains a great
technological challenge. Dye-sensitized water oxidation photo-anodes have recently emerged
as promising components of photocatalytic solar cells that could provide a viable solution to
this challenge. Theoretical and computational chemistry can aid in the design of new optimal
dyes capable of both photosensitizing a semi-conductor and catalyzing water oxidation. We
report the study of photoelectrochemical properties of a series of phenazine derivatives
based on computational modeling and direct comparisons to available experimental data.

Electron transfer (ET) reactions are paramount in solar energy conversion.' Therefore,
we explore a simple methodology that allows the prediction of ET rates. We demonstrate the
accuracy of such methodology as applied to calculations of ET parameters based on the
classical Marcus expression (1) and the Marcus-Jortner-Levich’s version (2) to include vibronic
effects:

0 —$0 s ——0 (1)

Q0 —$0 s —— Q -0 (2)

We compute the values of AG®, A, Hap and w for the series of dyads, used by Closs and
Miller? at the density functional theory level to demonstrate the capabilities of our method to
model the so-called “Marcus inverted region”. Comparison between the experimental and
theoretical rates are presented and discussed.

References:

1. K. J. Young et al., Coordination Chemistry Reviews 256 (2012) 2503-2520.

2. G. L. Closs and J. R. Miller, Science 240 (1988) 440-447.
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Oral presentation: Large-area bilayergraphene synthesis in the hot filament chemical vapor
deposition reactor

Frank Mendoza, Tej B. Limbu, Brad R. Weiner, Gerardo Morell,
Institute for Funtional Nanomaterials, University of Puerto Rico,
Department of Physics, University of Puerto Rico, Rio Piedras,

Department of Chemistry, University of Puerto Rico, Rio Piedras, San Juan, PR
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