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Nanoscale Memory Characterization of Virus-Templated
Semiconducting Quantum Dots

Alfredo A. Martinez-Morales, Nathaniel G. Portney, and Mihrimah Ozkan,
Department of Electrical Engineering, University of California, Riverside

Icosahedral viruses are promising building blocks for enabling the self-assembly of
next-generation nanoelectronic devices. In this work, we have developed a substrate based
bottom-up approach to assemble two different color emitting CdSe/ZnS (core/shell) quantum
dots on the surface of a novel Cowpea mosaic virus mutant, CPMV-T184C. This technique
provided successfully production of individual hybrids and enabled single hybrid
characterization. Electrical characteristics of individual hybrid were investigated by
conductive atomic force microscopy (CAFM) for potential digital memory applications (i.e.,
RAM). These individual 40 nm CPMV-QD(1,2) hybrids exhibited reversible bistable
electrical behavior during repeatable writing-reading-erasing processes at the nanoscale. The
observed conductance switching is attributed to an E-field induced charge transfer mechanism
between the highly aromatic CPMV and the QD core leading to a memory effect. Detailed
study of the conduction mechanism in both the low and the high conductivity states shows
that thermionic emission is responsible for conductance in the low conductivity state, whereas
a Poole-Frenkel emission is likely to be the conduction mechanism in the high conductivity
state. In light of these results, we can hypothesize that the current conduction changes from an
injection dominated mechanism in low conductivity state to a charge-transport-dominated
mechanism in the high conductivity state. It is, therefore, believed that the charge transfer
process is the result of the charge donating ability of the CPMV’s aromatic residues which
enables the observed bistability behavior while it also provides a direct pathway to the charge
transfer phenomenon. This work depicts the possibility of using each individual hybrid of
40nm as a single addressable memory element applicable to a random access memory. This
unique composite system opens the possibility of extending organic-QD hybrid applications
beyond photovoltaics and organic LEDs to encompass high density digital memory. The
results are significant in showing that organic-QD hybrid nanostructures are very promising
for application in memory-based nanoelectronics.
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Monitoring the Fate of Pathogenicity and Transport Behavior of
Pathogens in Packed Bed Column Systems

Berat Z. Haznedaroglu and Sharon L. Walker,
Department of Chemical and Environmental Engineering,
University of California, Riverside

This comprehensive study focuses on bacterial transport and fate of pathogenicity in
groundwater. The intention was to determine to what extent environmental conditions affect
transport trends and pathogenicity of Escherichia coli and Salmonella. For this purpose, S.
pullorum, S. typhimurium (wild type and dysfunctional flagellated mutant strain), and E. coli
O157:H7 were injected into a packed bed column with real aquifer sand over a range of
solution chemistries. Pathogenicity, antibiotic resistance, and in vitro infectivity assays
(inoculating Hep-2 cell lines) were conducted with bacteria exposed to groundwater for
various time periods. Transport experiments showed that E. coli O157:H7 was more adhesive
than S. pullorum, with deposition rate coefficients calculated for E. coli O157:H7 higher than
those of S. pullorum. Comprehensive cell surface characterization techniques including size,
surface charge density, extracellular polymeric substances, electrophoretic mobility, and
hydrophobicity analyses were conducted to explain observed transport trends. Packed bed
column and cell surface characterization experiments indicate that S. pullorum can be
transported more than E. coli O157:H7 in groundwater environments with possible shedding
rates due to agricultural activity. These results agree with travel distances calculated
theoretically. Initial studies of antibiotic resistance show dysfunctional flagellated mutant
strain of S. typhimurium is more resistant to several antibiotics than the wild type. The
findings of this study contribute to the understanding of fate and transport of important
pathogens in groundwater and help us take necessary regulations to prevent waterborne
outbreaks caused by E. coli O157:H7 and Salmonella.



Adhesiveness of Poly (dimethylsiloxane) and Glass Surfaces
Activated with Oxygen Plasma

Brent Millare, Valentine Vullev, and Marlon Thomas,
Department of Bioengineering,
University of California, Riverside

This contribution describes a study on the quality of adhesion between
polydimethylsiloxane (PDMS) and glass substrates activated with oxygen plasma. There is a
demand for cost-efficient, reliable, and expedient prototyping of microfluidic devices. PDMS
is a broadly applied elastomeric material for fabrication of microfluidic devices. An important
step in the fabrication of PDMS devices is the adhesion between the polymer components and
silica-based substrate such as quartz, glass, PDMS or oxidized silicon wafers. We adopt an
approach that involves treatment of the substrates with oxygen-containing plasma, bringing
the surfaces together and curing at 120 °C under vacuum. The substrates adhere permanently
due to covalent silicon-oxygen bonds formed between the two surfaces. Such permanent
adhesion, however, does not occur if the PDMS surfaces are undertreated or overtreated with
the oxidizing plasma. We investigated the quality of the permanent adhesion between PDMS
and glass under a broad range of plasma conditions: (1) exposure time; (2) RF frequency; (3)
RF power; (4) pressure; and (5) chemical composition. For each case the capacitances of the
plasma generator were optimized automatically (PC control) or manually (by monitoring the
color and the intensity of the radiation from the ionized gas). We determined an optimal range
of conditions for achieving permanent adhesion. Optimal pressure and gas compositions are
necessary for achieving a good quality of the irreversible adhesion. Our investigation was
conducted using instruments with RF frequency generators of a 40 KHz and 13.56 MHz with
a nominal power of 100 Watts.
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Microwave Pretreatment of Corn Stover for Fuel Ethanol Production

Brian Forsberg, Jian Shi, Bin Yang, Mirvat Ebrik, and Charles Wyman,
Center for Environmental Research and Technology
University of California, Riverside

Significance:

Pretreatment is the first step towards conversion of lignocelluloses to fuel ethanol and
remains one of the main barriers preventing technical and commercial success of cellulosic
ethanol technology. Microwave pretreatment is a promising pretreatment method that
pretreats biomass by microwave radiation in an aqueous environment. Potential benefits of
microwave pretreatment can be its high internal heating efficiency, less chemical loading,
easy operation and short residence time.

Research Summary:

The CERT cellulosic ethanol team worked closely with CEM Corporation, a national
leading provider of innovative microwave systems and applications, to explore the
commercialization potentials of microwave pretreatment technology. The objectives of this
study were 1) to optimize microwave pretreatment conditions and 2) to compare the
pretreatment performance with conventional water-only and dilute acid pretreatments. Corn
stover was pretreated by microwave radiation in water and dilutes acid solutions.
Compositional changes (lignin, glucan, xylan) before and after microwave pretreatment were
investigated. The effects of temperature, residence time, and acid concentration were
evaluated to enhance total sugar recovery and enzymatic digestibility. Samples generated
under the preferred conditions will be tested using SEM/X-ray/IR which helps to reveal the
possible structural/chemical modifications. This study can contribute basic understandings
and important information to the future application of microwave pretreatment technology in
cellulosic ethanol conversion.



An Exploration of Reactively Sputtered Nitrogen-Rich
TiN Thin Films

Elias Penilla and Prof. Junlan Wang,
Department of Mechanical Engineering,
University of California, Riverside

Various transition-metal nitrides such as TiN thin films have attracted considerable
attention from researchers spanning the spectrum of the physical sciences. They have been
used as wear resistant coatings on high speed cutting tools, as inexpensive decorative coatings
on pens, watch dials, etc., because of their golden luster, as microelectronic contacts,
resistors, and because of their high chemical stability as diffusion barriers between
interconnects of microchips. Most recently it was discovered that suitably designed TiN thin
films exhibit superinsulation, i.e. the analog to superconductivity. These suitably designed
thin films could be used as superinsulating layers for superconducting power transmission
lines on MagLev train systems, a technology that has been readily accepted by the so-called
“Green Movement”. Traditionally, TiN thin films have been produced by various techniques
such as electroplating, laser ablation, chemical vapor deposition (CVD), as well as the
physical vapor deposition (PVD), techniques of evaporation and sputtering, reactive or
otherwise. Although many practical applications, synthesis techniques, and deposition
methods have been developed for TiN thin films, the basic metallurgy and physics of the Ti-N
system are not completely understood. In particular, the limit of nitrogen solubility in TiN
still appears uncertain as do the properties and the effects of processing parameters on the
basic metallurgy and physics of such nitrogen-rich films. In this study, TiN films were
synthesized via reactive magnetron sputtering technique. Scanning electron microscopy was
used to elucidate the surface and cross-sectional characteristics and SEM in concert with EDS
and XRD were used to determine the chemistry and crystallography. EDS and XRD analysis
revealed the as produced films to have excess nitrogen contents of at least 70.4 at.% and up to
87 at.% and it is believed that this is the first report of such produced films. This belief in
tandem with the wide range of potential applicability within industry and academia has
prompted our interest in characterizing some of the films’ fundamental physics.



Programmed DNA Assembly and Novel Device Architectures

Hayri Engin Akin', Xu Wang3, Miro Penchev', Maziar Ghazinejad?,
Cengiz Ozkanz, and Mihri Ozkanl,
Electrical Engineering Department', Mechanical Engineering Department’, Chemical
and Environmental Engineering Department’, University of California, Riverside

We implemented complimentary hybridization of short oligos as a lock and key
patterning mechanism for integration of nanofunctional components on Si. We demonstrated
selective hybridization of oligos as lock and key as a proof of concept for controlled, high
throughput assembly of nanostructures. Biotinylated lock oligos with 100 nM concentration
are addressed on to the Si microarray platform through the application of current on the pads
of the microarray. Key oligos with 100 nM are sent with a fluorophore at their end.
Fluorophore made them visible under the microscope. After hybridization, thermal, electrical
and washing stringency conditions are applied to eliminate the undesired mismatch signals on
the pads. We compared the signal from the matching lock and key segments to the
mismatching ones and obtained selectivity measurements. Afterwards, we functionalized gold
nanowires in different sizes with key oligos and deposited them on to the Si microarray again
with the application of current. Oligos are strong enough to carry even the micron sized
nanowires through the solution and deposition of them on to the microarray is accomplished.
Lock and key lithography will be utilized in assembly of nanowire and device architectures
over conventional silicon platforms. For example, SWNT-DNA-SWNT and SWNT-PNA-
SWNT nanoarchitectures have been synthesized in solution via the EDC coupling method.
Electrical measurements (I-V characterization) of the nano-architectures demonstrate negative
differential resistance (NDR) with the presence of SWNT-ssDNA and SWNTssPNA
interfaces. I-V behavior under different temperatures shows that conductivity of the
nanostructures vary with different temperatures. In adition, field effect transistors (FET) were
fabricated using the nanoarchitectures where gate voltage was applied on the back of the
Si/Si02 substrate. Measurements of drain current versus gate voltage shows that
SWNTssPNA-SWNT conjugates behave as p-type semiconductors.
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Power Plant Nitrogen Oxides (Noy) Control Using Bacterial
Denitrification

Lindsay D. Yee, Quoc-Hung Phan, Nichola Kinsinger, Christina Zapata, and
Kawai Tam, Department of Chemical and Environmental Engineering,
University of California, Riverside

Power plants are vital to supply power for energy intensive lifestyles and rising
energy demands. Yet, energy generation through the combustion of fossil fuel (natural gas,
oil, and coal) produces emissions that cause formidable harm to environmental and human
health. Major emissions from power plants include nitrogen oxides (NOy), mainly composed
of nitrogen monoxide (NO) and nitrogen dioxide (NO,). Negative impacts of NOy on the
environment and human health in terms of particulate matter formation, photochemical smog,
and acid rain production have become more apparent. As a result, more stringent NOy control
goals are being considered. While many plants employ selective catalytic reduction (SCR)
systems for NOy control, concerns remain regarding the onsite usage of ammonia and its
emissions, also known as ammonia slip. Reduction in nitrogen oxides (NOy) through an
innovative control technology was explored to address this problem. The design ultimately
reduced NOy from the combustion source to nitrogen gas (N,) by incorporating three unit
operations: a catalytic oxidizer, an absorption column, and a biological reactor. This study
focused on the denitrification efficiency of a new anaerobic bioreactor containing the
chemolithoautotroph denitrifying bacteria, Thiobacillus denitrificans. As an additional
benefit, the selected strand can consume carbon dioxide (CO,) as a carbon source; therefore,
the process was also explored as a potential CO, sequestration technology. Results have
shown that a denitrification efficiency of 95% can be reached. Overall, the system can be
considered as an effective combinational control technology for NO, and CO, reductions.






Towards a Sustainable Energy Future: Polymer Electrolyte
Membrane Fuel Cells

Mehrzad Khakpour and Kambiz Vafai,
Mechanical Engineering Department,
University of California, Riverside

Fuel cell technology has been receiving increasingly more attention as one of the
most sought-after solutions to the energy and environmental pollution issues. A fuel cell
generates electricity through direct conversion of chemical energy of the fuel. Fuel is oxidized
within the anode. The resulting protons pass through the electrolyte towards the cathode while
the electrons flow through an external circuit towards cathode, where they are needed for
reduction of the oxidant. In PEM fuel cell technology like numerous other applications,
porous media and their transport mechanisms are of great importance. Generally, a PEM fuel
cell consists gas diffusion layers, catalyst layers, and a polymer electrolyte membrane, all
made from porous materials. The membrane is permeable to protons but it does not conduct
electrons as this would, in effect, short-circuit the fuel cell. The membrane must also prevent
either fluid (fuel or oxidant) to pass to the other side. In this study, transport phenomena
within PEM fuel cells are investigated and a comprehensive analytical solution is presented.
The methodology couples the transport within the fuel cell supply channels and the substrate
which is composed of five different layers. The layers are all treated as macroscopically
homogeneous porous media with uniform morphological properties such as porosity and
permeability. The problem encompasses complex interfacial transport phenomena involving
several porous—porous as well as porous—fluid interfaces. Chemical reactions within the
catalyst layers are also included. The analytical results are used to investigate several aspects
of transport phenomena and their substantial role in PEM fuel cell operation.



