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2016 Student Research Day

Topic 1: Characterization in Nanosciences

10:00 AM Guest Speaker Dr. Ronen Polsky

10:30 AM Student Speakers

11:30 AM Guest Speaker Dr. Kyle Montgomery

Poster Session & Lunch

12:00 AM Poster Session Lunch

KEYNOTE: Engaging S.T.E.M through Entrepreneurism

1:00 PM Keynote Speaker Gary Oppedahl

Topic 2:  Bottom-up Chemistry and Materials

1:30 PM Guest Speaker Dr. Eric Spoerke

2:00 PM Student Speakers

Topic 3:  Tissue Engineering and Biomedical Applications

3:10 PM Guest Speaker Dr. Gabe Montaño

3:40 PM Student Speakers

Bonus Material: Lightning Talks

5:20 PM Student Speakers Lightning Talks

Banquet

5:30 PM Awards Ceremony and Banquet



Ronen Polsky
Microneedle Sensing to Report on Health and 

Human Performance 
Ronen Polsky graduated from New Mexico State University and did his PhD 

under Prof. Joseph Wang on “Nanomaterial-Based Electronic Detection”. He 

joined Sandia in 2006 after a post-doctoral fellowship at the Hebrew 

University of Jerusalem with Prof. Itamar Willner. He has 20 years’ 

experience in the development of electrochemical biosensors, sensor 

construction, and novel nanomaterials. Particular emphasis has been on 

catalytic labels for detection of DNA and proteins, three dimensional porous 

carbon electrodes, and high density electrode arrays. Recently he has 

started a program at Sandia to develop microneedles for transdermal point of 

care diagnostics and has over 60 publications.
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Guest Speaker – Sandia National Laboratories

Guest Speaker – Air Force Research Laboratory

Kyle Montgomery 
High Efficiency Solar Photovoltaics in the Space 

Environment
Kyle Montgomery is a Research Engineer with the Air Force Research 
Laboratory at Kirtland AFB and a Research Assistant Professor in the ECE 
department at UNM. Kyle completed his Ph.D. in Electrical & Computer 
Engineering from Purdue University in August 2012. While at Purdue, Kyle 
received the SMART Scholarship award through the US Department of 
Defense, the Homeland Security-STEM Career Development Fellowship, as 
well as honorable mention for the NSF Graduate Research Fellowship. His 
Ph.D. research focused on novel approaches for wide band gap solar cells 
with application to ultra-high efficiency multijunction solar cells. His current 
research interests include novel high-efficiency solar cell architectures for 
space applications, alternative power sources for military applications, and 
advanced characterization methods for semiconductor devices.



Ranjana Dangi
Insight into molecular rectification
In 1974 Aviram and Ratner first suggested that a donor-bridge-acceptor (D-B-A) molecule could function as a rectifier 
when used in a molecular device.  This has spurred numerous experimental and theoretical research efforts directed 
toward determining design concepts for viable molecular electronics applications. Here, we study donor-bridge-
acceptor biradicals as first generation models for understanding electronic structure contributions to molecular 
rectification. Constitutional isomers of donor-bridge-acceptor biradical (D: S=1/2 ortho-semiquinonate, SQ; A: S=1/2 
nitronlynitroxide, NN) complexes serve as constant bias analogs for molecular current rectifying devices. McConnell’s 
electronic coupling theory and Nitzan’s correlation between electronic coupling and conductance (g = resistance-1), 
have been used to describe the electronic couplings between two persistent radicals connected through an asymmetric 
bridge (B = thiophene-pyridine). The experimental rectification ratio derived from measured exchange couplings is 
calculated to be gDTPA/gDPTA = 0.88, with the intrinsic rectification ratio for a planar configuration being 1.51.  The effect 
of small changes in the torsional angles dramatically affects the rectification ratio. Insight into the relatively small 
rectification ratio derives from the nature of the bridge orbital that mediates the magnetic exchange between SQ and 
NN. This is primarily the bridge LUMO which, in spite of the asymmetric nature of the pyridine-thiophene bridge, is 
highly symmetric. Thus, this detailed structure-property study of D-B-A biradical constitutional isomers has provided 
new insight into how specific bridge fragment mediates molecular rectification.
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Hanieh Afkhamiardakani
Carbon nanotubes for mode-locking: polarization study
Mode-locked fiber lasers are the most promising laser media for Intracavity Phase Interferometry (IPI) sensor 
application, because it is possible to operate a polarization preserving fiber laser with two orthogonally polarized beams 
circulating in the cavity. The key element in this dual pulse mode-locked fiber laser is the saturable absorber based on 
tapered microfiber embedded in carbon nanoubes (CNT), which initiates the mode-locking and establishes the crossing 
point of the two circulating pulses. It is essential that the CNT imposes strong amplitude coupling between the two 
circulating intracavity pulses, and that there be no phase coupling. To ensure the absence of phase coupling, the 
polarization has to be conserved through the tapered section as affected by the CNT. The work focuses on the 
fabrication and characterization of CNT saturable absorbers that meet the requirements of amplitude coupling 
(saturation) and preserve the polarization at all powers.

Saeid Rostami
Carbon nanotubes for mode-locking: polarization study
We report the first observation of laser cooling in 1% doped Tm:YLF by 0.5 K and in 0.8% doped Ho:YLF crystals by 0.1 K 
starting from room temperature in air. To achieve this, we designed and constructed a high power, broadly tunable 
(1735 nm-2086 nm) continuous wave singly-resonant optical parametric oscillator. (OPO). The cooling experiments 
were performed at ambient pressure, and temperature changes were measured using a thermal camera.



Gary may hold the title of our 
City’s Economic Development Director, 
but is a serial entrepreneur. Anyone can 
see that by looking at his resume. But 
those who know him personally 
understand that he is also an 
entrepreneur and visionary by nature, 
not just by profession. 

The drive to improve and invent, 
to push beyond conventional 
expectations, and to constantly ask 
“what if?” - these are nothing short of 
character traits for Gary. And so his 
position in city government has proven 
nothing short of transformational for 
Albuquerque.  

His belief in our city’s ability to 
attain economic prosperity, his work to 
create an environment supportive of 
entrepreneurs and his desire to instill 
hope in all of our residents will be 
reflected in his remarks this 
evening/today.

Above all else, Gary is passionate 
about Albuquerque’s fast-growing 
innovation district (or entrepreneurial 
ecosystem) and the entrepreneurial 
mindset that is rapidly taking hold in 
our community, and I have no doubt 
you all will see that in his comments 
and energy over the next 30 minutes.

2016 Student Research Day

KEYNOTE: Engaging S.T.E.M through Entrepreneurism

Gary Oppedahl

Director, Economic Development Department



Erik D. Spoerke
Thinking Small: Adopting Molecular Approaches 

to Tackle Big Problems
Erik D. Spoerke earned a B.S. (1998) and a Ph.D. (2003) in Materials 
Science and Engineering at Northwestern University in Evanston, IL.  
Working with Professor Samuel I. Stupp, Erik applied a multidisciplinary 
approach to develop artificial bone replacement materials, utilizing 
combinations of porous titanium metallurgy, engineered synthetic peptides, 
and nanoscale calcium phosphate crystal growth. Erik then took a post-
doctoral research position at Sandia National Laboratories in Albuquerque, 
NM applying biological and bio-inspired materials and processes to direct the 
growth, assembly, and integration of nanomaterials.  He has since become a 
Principal Research and Development Staff Member in the Electronic, Optical, 
and Nano Materials department at Sandia where he continues to work on 
diverse, multidisciplinary materials systems.  By combining elements of 
chemistry, biology, and materials science, he seeks new approaches to tailor 
material function through manipulation at the molecular and nanoscale.  
Working with a creative, dynamic group of technicians, post-docs, and 
students, his current research efforts span subjects ranging from bio-
inspired ion-conducting materials for electrochemistry to nanocomposite 
barrier films and supramolecular assembly of synthetic biological analogs.
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Robert Malakhov
Ultra-thin slot coating simulator for mapping the low-flow limit
Slot-die coating is a precision pre-metered, film-deposition process compatible with a wide range of materials, including 
low-molecular weight polymers and thermosets. Of topical interest is the application of high-cost nanomaterial inks 
over moderately sized patches with sub-micron film thicknesses. In these applications coating speed can be moderate 
and start-up and shut down transients are important. A two-dimensional model has been developed to understand the 
limits of the process and to predict the thinnest possible film achievable for these applications. Coined as the low-flow 
limit, this boundary represents the minimum uniform, defect-free film achievable and is sensitive to the properties of 
the liquid and geometry of the die. I will present our approach to the model and its gradual results towards validation as 
well as how we are exhaustively exploring the low-flow limit with our model to aid in the design and optimization of slot 
die coating of nanomaterials.

Oral Presentations - Student Abstracts



Sadia Kabir
Designing Novel 3D-Graphene Nanocomposites as Support 
Materials for Fuel Cell Electrocatalysts
Fuel cells are one of the most promising sustainable energy technologies for energy conversion. However current fuel 
cells rely on expensive platinum(Pt) nanoparticles, which lack long term stability. Alternatively, palladium(Pd) 
nanoparticles have attracted growing interest due to their superior activity towards catalyzing oxidation/reduction 
reactions in both acidic and alkaline fuel cell electrolytes. However, current Pt/Pd nanoparticles are usually supported 
on amorphous carbon supports, which are prone to degradation under aggressive fuel cell operating conditions. If has 
therefore become imperative to develop stable and corrosion resistant support materials with high surface areas and 
conductivities to disperse the nanoparticles and facilitate charge transfer, respectively. In view of that, our present 
work adopts the Sacrificial Support Method developed at UNM for synthesizing novel 3D-Graphene nanosheets as 
support materials for Pd nanoparticles.  Our results show that the 3D-Graphene support materials had a high surface 
area (~550 m2/g) conductivities of 15 S/cm and a meso-macro porous morphology. The 3D-Graphene supports also had 
extended durability, which was attributed to its sp2 C-C hybridization, using Raman spectroscopy.  The results from this 
research will not only lead to the development of highly efficient catalytic materials for electrocatalysts, but also lead to 
the successful commercialization of fuel cell technologies.
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Raviteja Vangara
A classical Density Functional Analysis of Electrical Double Layer: 
Solvent structure Effect and Surface Charge Regulation
The study involving the distribution of charges at the charged interface resulting in the formation of the electrical 
double layer has always been an enigma to the researchers as there is no complete theory that incorporates the solvent 
role in restructuring the charges at the interface and establishing a boundary condition that is physically realistic. Our 
work is to fill the gap in proposing a quantitative statistical mechanical model of the Electrical Double Layer(EDL) 
formed at the interfaces in electrolyte solution. The two aspects we covered in this study are Surface Charge regulation 
and size effects of Neutral Solvent on the surface charge. The interfaces involving polar liquids are charged due to ionic 
dissociation, adsorption or both at the interface and the charge formation is due to the chemical equilibrium between 
the surface reactive groups and potential determining ions in the solution which is called the surface charge regulation 
which is a physically realistic condition. Often the EDL is studied using the Poisson- Boltzmann approach, which is 
inaccurate as it treats the solvent to be a structure- less continuum. A more realistic but complicated alternative is a 
detailed statistical mechanical model which explicitly accounts for the molecular structure of solvent. We chose classical 
Density Functional Theory as the foundation of such model, which is well-designed to deal with molecular and ionic 
species in external fields. This study benefits the fields of colloid stability and soft matter science, semiconductor 
colloids, wetting and condensation on solid surfaces, fundamentals of electro-kinetic transport phenomena etc.

Topic 2 : Bottom-up Chemistry and Materials



Gabriel Montaño
No lipid, no problem: polymers to the rescue as 

membrane materials for functional 
nanocomposites

Dr. Gabriel Montaño is a native New Mexican born and raised in Gallup, NM.  
He attended New Mexico State University where he received his Bachelors 
of Science in Biology in 1997.  He then attended Arizona State University 
where he completed his PhD in the lab of Dr. Robert Blankenship in 2002 in 
the Department of Chemistry and Biochemistry.  Gabriel’s thesis topic was a 
biochemical and biophysical “Investigation of Green Bacterial Light-
harvesting Antenna Complexes”.  Upon completion of his PhD., Dr. Montaño
accepted a postdoctoral appointment in biomaterials design with Dr. Andy 
Shreve at Los Alamos National Laboratory where Gabriel was an Intelligence 
Community Postdoctoral Fellow.  In 2005, he accepted a position as a 
Technical Staff Member with the newly developed Center for Integrated 
Nanotechnologies where he currently resides.  The Montaño lab 
incorporates molecular and cellular biology, biochemistry, biophysics, 
materials chemistry and engineering to investigate natural membrane-based 
assemblies and develop synthetic membrane-based nanocomposite 
assemblies.  Of particular interest to the group is developing programmable 
nanocomposite materials capable of complex function such as energy 
capture and transduction and stimuli-induced response.   In addition, 
Gabriel also serves as the President of the Society for the Advancement of 
Chicanos/Hispanics and Native Americans in Science (SACNAS).  

Gabriel’s effort in science diversity extend to past committee service on the 
Minority Affairs Committee of the Biophysical Society and as a current 
member of the Hispanic Association of Colleges and Universities (HACU) 
STEM task force as well as several other initiatives at Los Alamos National 
Laboratory.  Among his efforts locally, Gabriel initiated the first pre-SACNAS 
Northern New Mexico Student Symposium, an event that has now evolved 
into the NM STEM STRONG annual symposium. 
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Kent E. Coombs
Isolation of Valvular Interstitial Cell Subpopulations
Valvular interstitial cells (VICs) are a heterogeneous population within the aortic heart valve which have been difficult to 
separate into distinct subpopulations in vitro. In this work, we use a preferential detachment technique to isolate 
subpopulations of VICs – more adherent and less adherent. We hypothesized the more adherent VICs are a pre-
osteoblastic phenotype displaying OB gene markers for alpha smooth muscle actin (αSMA), osteocalcin (OCN), 
transforming growth factor beta 1 (TGF-β1), and increased protein activity of alkaline phosphatase (ALP). Greater 
expression of all markers in more adherent VICs compared to less adherent and heterogeneous, at 3 days, suggests 
more adherent VICs have moved down an osteoblastic differentiation pathway. Furthermore, growth curves show 
more adherent VICs proliferate significantly slower than less adherent. An increasing trend of ALP activity from 4-7 days 
is seen in more adherent VICs. Less adherent VICs and unsorted/heterogeneous VICs show no statistical change in 
comparison to osteoblastic induced VICs (OB VICs). In conclusion, more adherent VICs possess an osteoblastic 
phenotype and are a relevant subpopulation to study for disease propagation within the valve.
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David Santistevan
Novel Synthesis Method of Degradable Hydrogel Scaffolds for Heart Valve 
Tissue Engineering
Polyethylene glycol (PEG) hydrogel polymers are a promising scaffold due to their inherent biocompatibility, 
hydrophilicity, and non-fouling potential. One promising biodegradable PEG-based polymer is oligo poly((ethylene 
glycol) fumarate)) (OPF). OPF hydrogels are easily synthesized and can be cross-linked in situ while maintaining cell 
viability. OPF undergoes hydrolytic degradation in aqueous environments making them desirable as short-term tissue 
scaffolds. Using different molecular weights of the starting PEG molecules, the properties of the polymers and the 
cross-linked OPF gels can be altered to suit various applications. This research focuses on a novel synthesis method of 
OPF. Resultant products were compared to the previous synthesis method to evaluate the efficacy and efficiency of our 
novel nitrogen sparge synthesis method in creating suitable scaffolds for the development of tissue engineered heart 
valve replacements. Material properties are determined by nuclear magnetic resonance (NMR), sol fractions and swell 
ratios, and gel permeation chromatography (GPC).  Preliminary results indicate nitrogen sparge synthesis allows for 
greater polymerization, overall yield, crosslinking efficiency, and better network formation for use as a tissue 
engineered scaffold.

Topic 3 : Tissue Engineering and Biomedical Applications



Barnaly Rashid
From Connectivity To Connectopathy: Connectivity Dynamics of Typical Development 
And Autistic Traits
Autism spectrum disorder is often studied with little context of typical brain development. In addition, most functional 
connectivity studies have made the limiting assumption that connectivity is be static over multiple minutes. In this 
work, we employed a time-varying connectivity approach to evaluate transient states of connectivity among brain 
networks. We investigated age-related aspects of functional maturation during childhood with both modularized and 
disconnected dynamic states. In addition, we characterized the “connectopathy” (i.e. dysfunctional connectivity) 
associated with autistic traits. Inter-domain connectivity increased with age in modularized dynamic states, illustrating 
an important pattern of connectivity associated with the developing brain. Furthermore, we demonstrate that children 
with higher levels of autistic traits spend more time in a globally disconnected state during rest. These results provide a 
road map to the connectomic organization of the typical brain and also suggest that children with autistic traits exhibit 
delayed characteristics of functional brain maturation.
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Terisse Brocato
Understanding the Connection of Treatment Efficacy with Nanoparticle Uptake using 
Mathematical Modeling
Due to breast cancer’s prevalence, 1/8 females will get it in their lifetime, but not many know there is understanding of 

what will allow for improved treatment of this disease. Presented here, individual mice have been followed through 
their treatment for 4T1 breast cancer as a proof of concept that doxorubicin loaded nanoparticle treatment provides 
improved efficacy when compared to free doxorubicin. More importantly each mouse’s outcome depends directly on 
the amount of nanoparticles that reach the tumor, measured using graphite furnace atomic absorption. Organ 
distribution was not found to be correlated to the amount of nanoparticles found in tumors, indicating mice organ 
biodistribution is not uniform. Here we present a mathematical model which determines the amount of nanoparticles 
uptaken by a breast cancer tumor as a factor of treatment efficacy.

Matthew N. Rush
Valvular Interstitial Cell Disease Potential: Cell-Surface Signaling
As the primary cells of the heart valve responsible for valve formation and tissue homeostasis, valvular interstitial cells 
(VICs) are a highly plastic population with quiescent, activated, and osteoblastic phenotypes. Using ω-functionalized 
alkanethiolate self-assembled monolayers (SAMs) on gold [CH3 (hydrophobic), OH (hydrophilic), COO- (negative at 
physiological pH), and NH3

+ (positive at physiological pH)], we have identified novel in vitro mechanisms for controlling 
VIC phenotype. Most importantly, we have shown that NH3

+ surfaces result in rapid and robust calcium nodule 
formation while COO- surfaces prevent calcification. Furthermore, using CH3 surfaces we’ve identified a 
dystrophic/tissue-damage model. In well-defined environments, the expression of specific integrins has been shown to 
correlate with differentiation potential. Characterizing variations of integrin binding subunits specific to osteoblastic-like 
disease, as well as non-calcifying in vitro environments, highlights possible mechanisms for VIC disease progression. 
These results provide alternative models for in vitro VIC expansion as well as directing disease development of VICs 
without the addition of exogenous signaling factors.

Topic 3 : Tissue Engineering and Biomedical Applications



SPONSORS
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Nanoscience and Microsystems 
Engineering

Chemical and Biological 
Engineering

Chemistry and Chemical Biology

Biomedical Engineering


