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O1: Inelastic and charging energy effects on
the electron transport though molecular

junctions

Natalya Zimbovskaya
Dept. of Physics and Electronics, UPRH

We consider the effects of stochastic nuclear motions on
the electron transport through molecular junctions. We treat a
molecule sandwiched between metal electrodes as a quantum
dot, and we represent the thermal environment as a phonon
both directly or indirectly coupled to the latter. The electron
transmission is computedusing the Buttiker model within the
scattering matrix formalism. This approach is further develo-
ped, and the dephasing parameter is expressed in terms of re-
levant energies including the thermal energy. Temperature
dependencies of current and conductance are analyzed, and
the results are applied to study electron transport in conduc-
ting polymers. We trace the transition from the Coulomb
blockade regime to Kondo regime in the electron transport
through the quantum dot occuring when we gradually strengt-
hen the coupling of the dot to the charge reservoirs. The cu-
rrent-voltage (I-V) characteristics are calculated using the
equations of motion approach within the nonequilibrium
Green's functions formalism (NEGF) beyond the Hartree-Fock
approximation. The results are consistent with the results ob-

tained by means of the transition rate equations.




O2: FEM simulations of a thin film capacitor,
combinatorics, and molecular dynamics

simulations

José O. Sotero?, Mariem Rosario®, Preethi Gopu©,
Jorge ].Santiago", Preston Moore®, Myrna Merced?,
DesiréeVelazquez?, John E. Morales *, Axel Y. Rivera?,
Melissa Lopez®, Elizabeth Rivera®, Francheska Lebron
*Dept. Of Mathematics, UPRH; "Dept. of Electrical and Sys-
tems Engineering, PENN: ‘Dept. of Chcmistry and Biochemis-
try, USiP; “Petra Mercado Bougart High School.

A progress report will be presented on three continuing
projects,computer analysis of devices, graphical user interfaces for
molecular dynamics (MD) simulations, and combinatorial model-
ing of polymers, and on a new collaboration started this summer
on coarse grain MD simulations.

Finite Element Simulations (FEM) using COMSOL are
being carried out to simulate and analyze a thin film type I redox
capacitor. The electrodecouples consist of oxidized PProDOT
films electrochemically deposited on platinum collectors separated
by a sheet of polypropylene porous membrane impregnated with
an electrolyte. A combination of 1D domains and 2D domains
was used in the FEM simulation of this device to obtain thermal
and stress profiles at different scales.

During this year the MOSDAS-GUI VMD plugin graphi-
cal user interface (GUI) prototype for constructing polymer-CNT
hybrids for MD simulations has evolved into a GUI, now called
NT-Poly, that aims to integrate the whole process of preparation,
remote execution and analysis of the simulations. On the other
hand, The study of purely combinatorial objects applicable to the
study of polymer conformations have beencontinued obtaining a
formula for counting self avoiding polygons on lattices. Finally, we
report about the first preliminary results on a new project that
aims to develop a fast and spacial local estimates of the interaction,

particularly when water is represented in Coarse grain systems.




03: Electrical characterization of crossed na-
nofibers of polyaniline and SnO, prepared

via electrospinning

Nicholas J. Pinto?, Katherine Carasquillo® and Ritesh
Agarwal®

*Dept. of Physics and Electronics, UPRH

®Dept. of Materials Science and Engineering, PENN

Using a simple electrospinning technique, nanofibers of
polyaniline and of SnO, were prepared in air and within seconds.
In the preparation of SnO,, the only time consuming step was an-
nealing the fibers in air at 600 C for one hour. Polyaniline is an
organic conducting polymer which is p-type doped while SnO, is
an n-doped semiconductor. The junction of these two crossed po-
lymers is expected to reveal interesting properties due to the hete-
rogeneous nature of charge carriers on either side of the junction.
Initial studies show that in some samples, the junction behaves as a
Schottky diode when measured in air while in others the junction
is Ohmic. In the presence of NH;, the measured currents are re-
duced due to the de-doping of polyaniline with a concomitant re-
duction in the device rectification ratio. Removal of NH; reprodu-
ces the Schottky behavior albeit with much reduced currents. Glo-
bally gating the device shows that the diode turn on voltage can be
varied. In addition, one can explore many other possibilities of
modulating the current in one arm of the device via extremely
localized gating using the other arm or via UV/VIS light, making
this a useful configuration to investigate charge transport in hete-

ro-junctions at reduced dimensions in organic-inorganic systems.




O4: Variation of morphology and crystalline
parameters in palladium nanostructures
and their applications in hydrogen tech-
nology

Wilfredo Otafio?, Victor M. Pantojas?®, Carlos Ortiz-
Rodriguez®, Diego Rodriguez’, Melvin Arias® and Jor-
ge J. Santiago®

*Dept. of Physics-Mathematics, UPRC; "Dept. of Physics,
UPRRP ; “Dept. of Electrical and System Engineering ,PENN

Nanoscale morphologies and nanocrystalline structures
are being developed for hydrogen sensors and heterogeneous cata-
lysis applications. In our group, it has been shown that electrospin-
ning and dc sputtering are effective in the fabrication of such na-
nostructures. The formation of palladium nanostructures, with
high surface area and high aspect ratio, prepared by coating ther-
mally degradable templates of electrospun fibers using dc-
magnetron sputtering will be briefly reviewed. It will be shown
how the synthesis of these structures has been controlled to pro-
duce variations in morphology and crystalline parameters and how
those are related to hydrogen sensing and storage. In a set of ex-
periments designed to understand the effect of the plasma proces-
sing on the crystalline structure, palladium films were prepared by
dc sputtering in an experimental configuration called the

“metalhenge”, where six substrates are concentrically positioned

)
with respect to the target to minimize variations in deposition
conditions. The substrates were at different inclinations with res-
pect to the holder. As a result of that, the incoming palladium
flux was deposited at different average angles with respect to the
substrate normal of each sample. X-rays diffraction, scanning
electron microscopy, transmission electron microscopy and scan-
ning probe microscopy were used to study the nucleation and
growth of the palladium crystals. The results obtained will be ex-

plained in terms of shadowing and competitive growth.




O5: Development of an Electrochemical Bio-
sensor for Salmonella Detection

Ana Guadalupe
Dep. of Chemistry, UPRP

In this research, we report on the development of a NAB
prototype using a polymer modified electrode surface together
with an electroactive ferrocene (Fc) derivative. To test this proto-
type, we are using Salmonella as our target microorganism. Polys-
tyrene (PS) films functionalized with nucleic acid sequences
(probes) from the Salmonella genome are used to modify carbon
electrode surfaces. The hybridization step is detected by looking
at the Fc redox process in various schemes. For instance, we are
using a Fc label and a water soluble Fc-PEG derivative to design
different detection strategies. Our goal is to choose that configu-
ration that affords the best response without the need for the tar-
get modification. We have synthesized several PS films and ancho-
red nucleic acid sequences with different lengths at gold and car-
bon surfaces. The hybridization event is detected electrochemica-
lly with a Fe-COOH modified target and with a Fc-PEG conjuga-
te. We observed a small current at the expected redox potential
for both Fc compounds without signal amplification. Our experi-
ments are now centered on the optimization of the PS surfaces in
terms of probe surface density, PS molecular weight and morp-
hology changes. In all cases, the Glucose Oxidase-Glucose enzyme
system will be used to augment the electrochemical signal. Once
the best conditions are found, we will concentrate our efforts to
build the sensor and to determine its analytical characteristics and
potential for real-world applications.




06: PREM Outreach Activities

Ramon Rivera Ocasio
PREM Program, UPRH

UPRH PREM outreach program has its primary focus on
providing educative and hands-on opportunities to kids, youth and
adults on Material Science and Nanotechnology. Our education
plan during these five years has included school visits, talks and
workshops for k-12 students and teachers, summer research ex-
perience for high school students, museum collaboration, materi-
als science exhibits, networking with other outreach programs and
searching for additional funding to expand activities. Since 2004
PREM Outreach has impacted over 8,000 people: 5,700 in the
Strange Matter Exhibition, 825 k-12 students and teachers in
workshops, 1200 in open houses, 84 high school students in sum-
mer research program, 554 in NanoDays 2008, 15 high students
in research with PREM faculty and 220 in opend houses for indus-
try people.. As a result of our efforts PREM has increased its visi-
bility for its compromise with science and education in and out
UPRH Campus. During the past year we have increased collabo-
ration with the community and industry. Due to the success on
the Strange Matter Exhibit in 2007 we have been making efforts to
find a place and funding to begin establishing science museum for

the Puerto Rican community.
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P1: Electrical characterization of crossed na-
nofibers of polyaniline and SnO, prepared

via electrospinning

Katherine Carrasquillo®, Nicholas Pinto® and Ritesh

At'gawal.b
"Dept. of Physics, UPRH; "Dept. of Materials Science and Engi-
neering, PENN

Crossed nano-junctions of polyaniline and SnO, were pre-
pared and electrically characterized in air and in vacuum. Some
junctions behave as a Schottky diode in air but in vacuum the cu-
rrents were too small to measure, while some junctions were Oh-
mic when measured in air or vacuum. By applying a global gate
voltage in the range -30V to +30V we were able to change the
diode turn-on voltage from 0.6V to 0.4V respectively. We have
used the thermionic emission model of a Schottky junction to ana-
lyze the diode parameters. A single nanofiber of SnO, was also
electrically characterized in a field effect transistor configuration.
The fiber is seen to be n-type doped and the device I-V characte-
ristics were analyzed using the standard model of a field effect
transistor. The charge mobility (m) was calculated to be 2x107

cm?/V-s.




P2: Dielectric permittivity of the anti-ferro-
electric crystal NH,H,

Jean M. Cruz Maurias * and Nicholas Pinto ?

*Petra Mercado Community High School
*Dept. of Physics, UPRH

We report on the anti-ferroelectric single crystal ammo-
nium dihydrogen phosphate (NH, H, PO, - ADP). These crystals
were grown from an aqueous solution via slow evaporation. When
the solution supersaturates, tetragonal crystals of ADP are for-
med. A single crystal of ADP was cut and polished to give it a rec-
tangular shape. Silver paint was applied to two opposite sides of
the polished crystal to form a capacitor. Dielectric permittivity
measurements where made using an impedance analyzer as a func-
tion of frequency and temperature. The purpose of this work is to
study the phase transition that occurs as temperature is lowered.
The ultimate goal is to fabricate ferroelectric capacitors capable of

memory storage.




P3: Characterization of Electrospun Fibers

using Scanning Probe Microscope

Norberto Hernandez Ramos, Melvin Arias, Wilfredo

Otafio, Yaritza Figueroa and Enitza Charriez
Dept. of Physics-Mathematics, UPRC

A new Veeco CP-II Scanning Probe Microscope was used
to study zinc oxide doped with iron fibers and other morphologies
(ZnO-Fe) using Atomic Force (AFM) and Magnetic Force (MFM)
microscopy techniques. The AFM and MFM complement the
scanning electron microscope (SEM) and EDS to obtain a comple-
te characterization of the topographic and magnetic properties of
the different morphologies. The MFM is used to study fibers with
different percentages of Fe and the formation of ferromagnetic
domains. The ZnO-Fe fibers were created using electrospinning

techniques.




P4: TGA/DTA/DT Analysis and UV-VIs spe
troscopic data on precursor EC/THF/
DMA/SnCl, solution for electrospinning

SnO, nanofibres

Peter J. Rosado?, T. Chavez-Gil®, Idalia Ramos®, Jetsenia

Toro®, Jorge J. Santiago-Aviles‘, Andrew R. McGhie?

“Interamerican University”, Dept. of Physics, UPRH* ‘Dept. of
Electrical Engincering, PENN; ‘LRSM, PENN.

Tin oxide nanofibers have been extensively studied for a
myriad of uses ranging from gas sensors to potential satellite appli-
cations as well as in nano-electronics. The purposes of these analy-
ses were to conduct several thermogravimetrical and UV-Vis opti-
cal-spectroscopic tests upon a simple EC/THF/DMA/SnCl, pre-
cursor polymeric solution utilized for electrospinning SnO, nano-
fibres. Thermogravimetry analysis (TGA) and its corresponding
derivative (DTG) as well as the temperature differential (DT)
methods were conducted on the precursor solution for electros-
pinning, obtaining successful insights on the characteristics of the
solution under thermal stress. Several endothermal and exother-
mal data concerning fast evaporation of solvents and the decompo-
sition followed by consequent burning of the EC polymer were
determined. Instant oxidation measurements of SnO, in the region
of 400 - 800 °C are reported, with the possibility that the remai-
ning residue is SnO, as deposited. UV-Vis absorbance spectrosco-
py was also conducted on the precursor solution in order to cha-
racterize their components and its absorption behavior. Results
showed the presence of polymer (EC) and tin compound (SnCl,)
in solution, forming a possible non-covalent conjugate, as THF/
DMA was used as a background solvent. Further investigations
will be followed by issuing an FT-IR profiling in order to determi-
ne the bond vibration aspects on the molecules involved in the

current research.




P5: Construction of a gas sensor using a single

tin oxide nanofiber

Lytzamed Santa *, Maritza Reyna?®, Anamaris Melén-

dez?, Jetsenia Toro® and Idalia Ramos®,
*Petra Mercado Community High School
"Dept. of Physics, UPRH

A gas sensor of SnO, was constructed for the detection of
Ethylene. SnO,nanofibers were fabricated using electrospinning
and a precursor solution composed of Tin Chloride/ Propanol/
2Propanol/ Ethyl- Cellulose/ Tetrahydrofuran and Dimethylace-
tamide. The electrospun fibers were collected on a Silicon wafer
covered with a Silicon dioxide layer. Then, the fibers were sinte-
red in air at 700°C for 1 hour. SEM/EDS analysis showed that the
fibers have nanometric dimensions and are composed of SnO,.
The sensor was constructed by evaporating gold electrodes onto a
single nanofiber. The sensing capability was tested by measuring
the electrical current through the nanofiber with and without ex-
position to the gas. Results showed that the sensor is sensitive to
the presence of the gas. The detection of Ethylene has important
applications in the food industry. For example it can be used to

monitor the ripeness of fruits and Vegetables,




P6: Evaluation of Composite Electronic Mate-
rials based upon Single-Wall Carbon Nano-
tubes and Highly Charged Poly
(aryleneethynylene)s for Supercapacitor

Applications

Mariem Rosario?, Pravas Deria?, Michael J. Therien®

and Jorge J. Santiago Aviles®
*Dept. of Chemistry, UPENN; "Dept. of Chemistry, Duke
Univ.; “Dept. of Electrical and Systems Engineering, PENN

This work explores the wuse of rigid, polyanionic poly
(aryleneethynylene)s that helically wrap single-wall carbon nano-
tubes (SWNTs) and provide unusual solubility and dispersion cha-
racteristics for the SWNTs in several solvents. The polymer-
wrapped SWNTs were used to elaborate a variety of electronically
active composites with the EAP poly (3,4-
propylenedioxythiophene) (PProDOT) that can function as super-
capacitor charge storage media. The performance of these compo-
sites was compared against that of established PProDOT-based
anode and cathode material benchmarks. Results on the morp-
hological, electrochemical as well as simulation studies that will
provide insight about the thermo-mechanical properties, redox

kinetics, and charge transport in these systems will be presented.




P7: Single—Wall Carbon Nanotube/ Poly(p-
Napthaleneethynylene) Composites as Elec-
trode Materials for Electrical Double-Layer

Capacitors

Maria Abreu®, Mariem Rosario” and Jorge J. Santiago-
Avilés®

*Dept. of Physics, UPRH

"Dept. of Electrical Engineering, UPENN

The objective of this research is prepare, characterize and
test new electrode materials and composites based on electroacti-
ve polymers (EAPs) and carbon nanotubes for supercapacitor ap-
plications. We are preparing and testing new materials to use as
electrodes, such as PNES/SWNT, Single-Wall Carbon Nanotubes
and Highly Charged Poly-(p-Napthaleneethynylene), and testing it in
different electrolytics solutions as: organic media, 0.007M EMIB-
TI, 0.1M TbAP; and in non-organic media: 1M H,SO,, 6M KOH.
The way we test it is assembling a double layer capacitor using two
platinum modified electrodes suspension of PNES/SWNT in and
Cyclic Voltammetry studies. From the obtained voltammograms,
al(mA) vs t (ms) plot is constructed and integrating the area above
the curve we can obtain the charge on anode and cathode. Using
any of this values, cathodic charge or anodic charge, the capacitan-
ce could be calculated by the equation C= Q/V ~ Farads. Results
for the CV tests at n (scan rate) between 50 to 1000 mV/s of the
prototype show that testing in the aqueous solutions 1.0 M
H2SO4 and 6.0 M KOH resulted in CVs very similar in shape to
the ideal capacitor behavior, an indication that good capacitance
properties were obtained with the PNES/SWNT films in these
media. On the other hand, the CV tests in the organic electrolytes
resulted in non-symmetrical voltammograms for 0.077 M EMIB-
TI/PC and 0.10 M TBAP/PC.




P8: Development of a Nucleic Acid Biosensor
for the Electrochemical Detection of Sal-

monella

Madeline Diaz Serrano?®, Dianichia Santana®™ José Or-

tiz*, Arelys Rosado?, Joselyn del Pilar> Esther Vega®
and Ana R.Guadalupe®

‘Dept. of Chemistry, UPRRP

"Dept. of Biology, UPRH

In this research, we report on the development of a NAB
prototype using a polymer modified electrode surface together
with electroactive ferrocene (Fc) derivative. To test this prototy-
pe, we are using a 158 bp PCR product of the OmpC gene from
Salmonella as our probe. This PCR product has been modified to
anchor it in a polystyrene-modified carbon surface as an electrode.
The hybridization step is detected by looking at the Fc redox pro-
cess in various schemes. For instance, we are using a cationic Fe-
polymer, a Fc-Ruthenium bimetallic complex, and a water soluble
Fc-PEG derivative to design different detection strategies. Our
goal is to choose that configuration that affords the best response
without the need for the target modification.

We have been able to synthesize several PS films and to
anchor nucleic acid sequences with different lengths at gold and
carbon surfaces. The hybridization event has been detected elec-
trochemically by the conventional method, which is modifying the
target with Fc-CCOH and with the Fc-PEG conjugate. We obser-
ved a small current at the potential for the Fc oxidation without
signal amplification. Our experiments are now centered on testing
the cationic polymer and the bimetallic complexes. We hypothesi-
ze that a Glucose Oxidase-Glucose enzyme system will augment
the electrochemical signal. Once the best conditions are found, we
will concentrate our efforts to build the sensor and to determine
its analytical characteristics and potential for real-world applica-
tions.




P9: A recurrence equation for estimating self —
avoiding cycles

Francheska 1. Lebron Lopez®and José O. Sotero Este-

Vab

“Petra Mercado Bougart Community High School
"Dept. of Mathematics, UPRH

This work addresses the problem of determining the num-
ber self-avoiding cycles that can be drawn on a rectangular lattice.
A rectangular lattice is an array of dots arranged in rows and co-
lumns. Segments that form the cycles without intersections con-
nect adjacent points horizontally or vertically. These cycles are
represented as a list of column state diagrams. Each column state
diagram can be represented as the product transpositions. Then a
digraph with vertexes labeled with state diagrams, which are con-
nected by arrows indicating the direction they can take the routes
is defined. Each route that you draw in the digraph corresponds to
a cycle on the lattice and vice versa, and thus the length of the rou-
te in the digraph, will be the same length as the lattice. Therefore,
counting paths of length W in the digraph is equivalent to counting
cycles on a rectangular lattice of width W. A peculiar property of
the digraph is that the digraph corresponding to a lattice of height
H has copies of digraphs corresponding to smaller lattice heights.
Based on this property we present a recurrence equation that

counts a subset of all possible self—avoiding cycles .




P10: Study of Gallium Nitride Nanofibers

Anamaris Meléndez?, Kristle Morales?, Idalia

Ramos?, Nicholas Pinto®, Eva Campo® and Jorge
Santiago®

*Dept. of Physics, UPRH; *Centre Nacional de
Microeléctronica, Barcelona, Spain; “Dept. of Electrical
and Systems Engineering, PENN

Gallium Nitride (GaN) is known to have high thermal con-
ductivity and a wide band gap, characteristics which make it a good
material in the field of optoelectronics and in sensing applications.
The use of GaN nanofibers is preferred instead of thin films and
powders because its sensitivity is expected to increase as the expo-
sed area increases. The simple and inexpensive technique of elec-
trospinning is used in this experiment for the production of long
GaN nanofibers. The fibers were made using a precursor solution
composed of pure Gallium Nitrate dissolved in Dimethyl-
Acetamide (DMA) and a viscous solution of Cellulose acetate dis-
solved in mixture of DMA and Acetone. Using a tube furnace,
they were sintered under a Nitrogen atmosphere to decompose
the polymer and to reduce Oxygen contamination. This process
was followed by sintering under a NH; flow to complete the synt-
hesis of GaN. Morphology analysis was done using a SEM and a
profilometer . This analysis showed that the fibers were conti-
nuous with diameters ranging from 20 to few hundred nanome-
ters, and lengths of up to a few centimeters. XRD, EDS, and FTIR
analysis were used to verify the composition of the samples. Futu-
re work will include further composition analysis as well as con-

duction, sensing and photoluminescence tests.




Pi1: Interprocess communication for the remo-
te execution of molecular dynamics simula-

tions

Axel Y. Rivera Rodriguez, Desireé E. Velazquez Rios

and John E. Morales Garcia
Dept. of Mathematics, UPRH

NT-Pol is a molecular dynamics software coded in Pyt-
hon. It works as an extension of Visual Molecular Dynamics
(VMD) software. As part of this project, NT-Pol has been enhan-
ced to remotely execute simulations using NAnoscale Molecular
Dynamics (NAMD) software. NT-Pol now takes the information
given by the user and sends it to an NT-Pol module running at the
server that will create the appropriate NAMD configuration files
and execute the molecular dynamic simulation. A data structure
based on the contents of a typical NAMD configuration file consis-
ting physical and chemical parameter values was designed and im-
plemented using Python dictionaries. Since the sockets for com-
munication between processes used in the Python version 2.2 pro-
vided by VMD 1.8.6 are old and incompatible for this work, the
source code of the VMD 1.8.6 was edited and recompiled to use
the version 2.5 of Python. This version of VMD can use the mo-
dules of Python version 2.5 and the Python modules of VMD. A
debian package was created for the distribution of this modified
version of VMD. For easy access to the NT-Pol and new VMD
binaries, a publicly available repository system using SVN was
created.




P12: NT-Pol: an enhanced system for the simula-
tion of nanotube-polymer hybrids

Myrna I. Merced Serrano, John E. Morales Garcia,

Melissa Lopez Serrano, and José O. Sotero Esteva
Dept. of Mathematics, UPRH

Molecular dynamics (MD) simulations are commonly
used to study different kinds of systems. The aim of this project is
to develop a software that provides ease of use for the novice and
that is going to be a powerful application for the expert research-
ers in the area of MD simulations. The first version of the MoS-
DAS-GUI was capable of setting up MD simulations of nanotube-
polymer hybrids. MoSDAS-GUI version beta 2, now renamed as
NT-Pol, has a better organized structure and new features. NT-
Pol is closer to be an integrated environment for MD simulations
of nanotube-polymer hybrids. NT-Pol now can be used to setup,
run and see statistical analysis of the MD simulations as axial distri-
bution and distances between the nanotube and the polymer.

Ongoing work on further enhancements to the existing
user interface includes a revamping of the main window and the
dialogs for specifying the molecules that are going to be con-
structed. The dialogs for constructing nanotubes and polymers
will incorporate new user interface elements including entry
fields, buttons, text fields and spinboxes. Furthermore, visual
feedback will be provided by showing the molecule status during
its formation.

The addition of a toolbox and tabs to the main window
will give the user an experience closer to production software.
The toolbox will simplify access to functions such as select, move,
merge, center and align. By the addition of these features the GUI

will be more effective and easier to use.




P13: Field effect devices and sensors based on
electrospun polymer assisted tin oxide
nanofibers

Richard Rojas?, Anamaris Meléndez?, Idalia Ramos?,
Jorge J. Santiago-Avilés ® and Nicholas J. Pinto*®
‘Dept. of Physics, UPRH

"Dept. of Electrical and Systems Engineering, PENN

Electrospinning is presented as a facile method of prepa-
ring relatively long tin oxide (SnO,) nanofibers that are robust and
stable in air. Upon heat treatment, the fibers collapse into a rib-
bon-like structure with surfaces that are not smooth, rather, are
marked with several interconnected pathways that increase the
surface to volume ratio. These nanofibers were electrically charac-
terized in a field effect transistor configuration in vacuum, with
and without ultra violet (UV) light exposure. The resultant varia-
ble resistor device exhibits n-type behavior having an on/off ratio
of ~ 6000. The devices show a direct response to UV with faster
response times upon exposure to longer wavelength light. In the
presence of UV, the device conductance and mobility increases,
reaching a value ~ 2 ¢cm’/V-s for the 364 nm UV light source,

comparable to amorphous Si.




P14: Schottky diodes based on electrospun
polyaniline nanofibers: Effects of varying
fiber diameter and doping level on device

performance

Rut Rivera and Nicholas J. Pinto
Dept. of Physics, UPRH

Nanoscience and nanotechnology has great potential in
enhancing the way we look at all of our present day electronic de-
vices and sensors. If only part of this potential can be made into
reality, the results will be phenomenal. Devices and sensors based
on the use of p-conjugated conducting polymers are considered by
many in the field to shape the next generation of cheap and dispos-
able electronic inventions. We report on a simple method called
electrospinning to fabricate in air, and within seconds, field effect
transistors, Schottky nanodiodes and gas sensors using polyaniline
and an inorganic semiconductor. In this talk, we will present our
recent results on Schottky nanodiodes made from electrospun
polyaniline nanofibers. By varying the fiber diameter and the dop-
ing level, we examine the role of surface states on barrier height,
charge transport and device performance. The diode characteris-
tics are analyzed using the standard thermionic emission model of
a Schottky junction. Clear rectification is observed for diodes fab-
ricated from thick fibers with significantly reduced rectification
ratios for diodes fabricated from thinner fibers. Lowering the fiber
doping also reduces the forward bias current and the diode rectifi-
cation ratio. The surface states on the semiconductor exert a
weaker influence on diodes fabricated from thinner fibers due to
reduced junction area, and for the thinnest fiber, the analysis sug-
gests a charge tunnelling mechanism rather than thermionic emis-

sion at the junction.




P15: Electrochemical and Spectroscopic Cha-
racterization of Ferrocene Charcones

Derivatives

Kenneth Hernandez, Rocio del A. Cardona, Myrna

Otafio, Ingrid Montes, Ana R. Guadalupe
Dept. of Chemistry, UPRRP

We will present the electrochemical and spectrophoto-
chemical characterization of three Ferrocene chalcones derivatives
by cyclic voltammetry and UV-Vis. These compounds have similar
structures which differ only by the position of the nitrogen in the
pyridine substitutients. We expect a difference in electrochemical
and spectroscopic characteristics due to the nitrogen position. This
difference will be useful in future applications as labels, since it
will provide a tool for simultaneous detection. The electrochemi-
cal experiments were done using a three electrodes cell platinum
as working electrode, Ag/AgCl (3M NaCl) and nichrome as refe-
rence and auxiliary electrodes respectively. The experiments were
done in TBAP/acetonitrile under a nitrogen atmosphere. The data
showed that all compounds exhibit a quasi-reversible electroche-
mical behavior and reversible chemical behavior as evidenced by
AEp and Ipa/Ipc values. The formal potential for these com-
pounds are: (774,733 and 762)mV for the o, m, p-pyridine deri-
vatives, respectively. Also the number of electron transfer per mol
and the diffusion coefficients were calculated using Ferrocene as
internal standard. The diffusion coefficient for all compounds are
on the order of 10-5cm2/s and the number of electrons transfer
per mole is equal to one. The UV-Vis experiments were done in
acetonitrile with different concentrations to calculate the molar
extinction coefficients. The UV-vis spectra showed characteristic
bands for aromatic systems in the UV region and band in the visi-
ble that are in accordance with p-extended systems. Our future
work consists in the methylation of these compounds to use them
as electroactive label to detect DNA hybridization by the electros-
tatic interactions of our compounds and DNA.




P16: Analytical Solution of aToroidal Ion
Channel with Circular Croos Section

Ramé6n Mundaray and Lesser Blum
Dept. of Physics, UPRRP

Ion channels are membrane protein complexes and their
function is to facilitate the diffusion of ions across biological mem-
branes. Understanding ion channels is still a very open problem,
because of the many exquisite tuning details of real life channels.

Here we consider an ion channel of toroidal shape immer-
sed in a conducting medium, confined to a 3-D space. The ions are
charged hard spheres, and are treated using a scaling Mean Spheri-
cal Approximation (SMSA) and Perfect Screening Theorem (PST).
We got the graphs of analytical solutions for radial distribution

function the ions.
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*Centro de Investigacion en Matematicas, Guanajuato,
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at Dallas; ‘Research Institute for Computational Scien-
ces, National Institute of Advanced Industrial Science
and Technology, Tsukuba, Japan; ‘Dept. of Chemistry
and Biochemistry, West Center of Computational Che-
mistry and Drug Design, USiP.

The surface tension of an oil/water interface is recogni-
zed as having tremendous potential to control the organization
and assembly of nanoparticles. However, there is no way to
measure the surface tension at a nanoscale level directly. It is
possible to relate the surface tension with the contact angle, but
current theory is flawed and is not applicable to nanoparticles.
We report on our progress to correct this theory, specifically
inclusion of three-phase contributions to the line tension and
the curvature dependent surface tension. We present a new
method to measure the contact angle. The density profile of a
liquid droplet computed in cylindrical coordinates. Then using
the Gibbs dividing surface we get the radius as a function of the
height from the surface. Finally, we fit this radius to an ellipse
and determine the contact angle of the droplet. We show that
the contact angle is size dependent consistent with the curvatu-

re dependence of the surface tension.




P18: A study of the distribution of water
molecules in molecular dynamics simula-
tions for the estimation of coulomb in-

teractions
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The Ewald sum is the standard algorithm used to com-
pute electrostatic long range interactions energies in molecular
dynamics simulations of periodic systems. The aim of this project
is to develop a fast and spacial local estimates of the interaction,
particularly when water is represented in Coarse grain systems.
This could be important in interfaces and protein systems. A
molecular dynamics code was modified to study a sample of the
media and test the limitations of the new algorithm. This algo-
rithm counts the amount of neighbors of each atom within a
spheres of varying radii, considering the periodic boundary con-
dition. A profile of the distribution of neighboring atoms was
obtained. This helps to find out how many molecules of water
will be between the atoms to be studied and screening effect it
makes on charged particles. Eventually, it will help to estimate
the screening between particles and replace the Ewald summa-

tion in coarse grain simulations.
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