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Research Symposium

10:00 AM: Dr. Aditya Mohite
Scientist, Materials Physics and Applications, Los Alamos National Laboratory

The emergence of hybrid perovskites for low-cost 
optoelectronics

10:40 AM:                       Student talks

12:00 PM:                   Lunch & Keynote:

Dr. Patricia Henning
Interim Associate Vice President for Research at UNM

Hidden Galaxies Behind the Milky Way

1:00 PM:                     Poster Session

1:40 PM: Dr. Boris Kiefer
Department of Physics, New Mexico State University

DFT of 2D-Materials for Energy Applications

2:20 PM:                          Student Talks

3:30 PM: Gayla Walden 
Principal Director, Space Innovation Directorate, 

The Aerospace Corporation
Creative Solutions for Out-of-reach Problems

4:10 PM:                           Student Talks

5:20 PM:                Banquet and Awards



ADITYA D. MOHITE, PhD
Scientist, Materials Physics and Applications 
Los Alamos National Laboratory, Los Alamos, NM 87545 

Hybrid (inorganic-organic) perovskites have demonstrated 
an extraordinary potential for clean sustainable energy 
technologies and low-cost optoelectronic devices such as 
solar cells; light emitting diodes, detectors, sensors, ionic 
conductors etc. In spite of the unprecedented progress in 
the past six years, one of the key challenges that exist in the field today is the large 
degree of processing dependent variability in the structural and physical properties. 
This has limited the access to the intrinsic properties of hybrid perovskites and led to 
to multiple interpretations of experimental data. In addition to this, the stability and 
reliability of devices has also been strongly affected and remains an open question, 
which might determine the fate of this remarkable material despite excellent 
properties. In this talk, I will describe our recently discovered approach for thin-film 
crystal growth as a general strategy for growing highly crystalline, bulk-like thin-films 
of both three-dimensional (3D) and layered two-dimensional (2D) hybrid perovskites 
that overcomes the above issues by allowing access to the intrinsic charge and energy 
transport processes within the perovskite thin-films and results in reproducible and 
stable high performance optoelectronic devices.  
[1] Nie-Tsai et al , Science (2015). [2] Nie-Blancon Nature Comm. (2016). 
[3] Tsai-Nie Nature (2016).  [4] Blancon et al Adv. Func. Materials (2016) 

Mohite is the PI of the Light-to-Energy team and directs an energy and optoelectronic 
devices lab working on understanding and controlling charge and energy transfer 
processes occurring at interfaces created with organic and inorganic materials for thin-
film clean energy technologies. His research philosophy is applying creative and “out-
of-the-box” approaches to solve fundamental scientific bottlenecks and demonstrate 
technologically relevant performance in devices that is on par or exceeds the current 
state-of-the-art devices. He received his Ph.D. from the University of Louisville in 2008. 
After 3 years of postdoctoral work at Rice University and Los Alamos National 
Laboratory and now is a Staff Scientist since Jan 2012. 
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The emergence of hybrid perovskites for 
low-cost, high-efficiency optoelectronics 



Noel Dawson
Deposition of High Quality Ferroelectric Thin Film PVDF by Thermally Modulated Spin Coating
Methods of depositing high quality thin (≤ 1 µm) ferroelectric poly(vinylidene fluoride) (PVDF) films compatible with 
current electronic and optical device technologies are of great interest for many applications but have been difficult to 
achieve. We demonstrate direct deposition of high quality ferroelectric PVDF thin films. The method is developed from 
Flory-Huggins theory of polymeric solutions and is general in applicability as ferroelectric PVDF films with similar high 
quality are deposited in environments ranging from 20 to 80% relative humidity on Au, Al2O3, and SiO2 surfaces. .Atomic 
force microscopy show films have a relatively smooth surface with root mean squared roughness values under 20 nm. 
Infrared spectroscopy shows that the films consist of the ferroelectric phases of PVDF. Capacitor structures are made by 
thermally evaporating gold top electrodes and using the substrate as the back electrode. The film is poled using direct 
contact poling up to 500MV/m, an unprecidented feat in thin film PVDF. A maximum remnant polarization of 
~ 6.5uC/cm2 is achieved one of the highest reported for thin film PVDF. We anticipate that our general deposition 
method will allow further study of PVDF-based ferroelectric devices and enable investigation of ferroelectric mechanisms 
in PVDF thin films

Fabrication and material characterization: 

thin-films, QDs, and alloys

James Pike
Phase Stability in an Ion Irradiated Haynes 230 at High Temperatures
Next generation of nuclear reactors are expected to operate at higher temperatures, more corrosive environments and 
higher irradiation doses than the current operating reactors. Therefore, advanced alloys are required for demanding 
applications of the new reactors. Haynes 230 is a Ni-Cr based alloy solid solution strengthened by additions of W and Mo. 
Formation of W and Cr containing carbides provides resistance to grain coarsening and pins glide dislocations enhancing 
high temperature creep strength of the alloy. In addition, high Cr content together with minor elements such as Si gives 
the alloy excellent resistance to oxidation. The composition of the alloy was optimized so that phases such as σ (sigma), μ 
(mu) or Laves which would significantly reduce the ductility would not form. However, it is known that irradiation can 
induce or enhance the formation of some precipitates. In order to investigate the effects of irradiation on the phase 
stability and hardening, a series of experiments have been performed. The Haynes 230 alloys were irradiated with 
1.5MeV protons at 650-850°C up to 1 dislocation per atom (dpa). Nanoindentation was used for irradiation hardening 
characterization transmission electron microscopy (TEM) were used to characterize phase stability and to analyzed grain 
boundary.     

Brian D. Rummel
Stress-Directed Compositional Patterning of Compound Semiconductors to Create 2D Quantum Dot 
Arrays: Path to Mechanically Triggered Circuits
We have previously demonstrated that a patterned elastic stress field can be used to change the near-surface atomic 

composition in an epitaxial compound semiconductor film.1 This compositional patterning laterally manipulates quantum 
barriers within the film in a press-and-print manner, completely eliminating the need for Stranski-Krastanov growth. In 
this example, an array of silicon pillars is pressed against a relaxed Si0.8Ge0.2 substrate in a mechanical press, and the 
assembly is heated to high temperatures. This serves to promote germanium diffusion away from the compressed 
regions, leaving 100% silicon-enriched areas. The careful assembly and design of the silicon nanopillar array allows for 
controllable SiGe or pure Si/Ge regions which can ultimately be used in the production of a mechanically triggered 
quantum dot circuit. As a first step towards addressing these individual dots, we make use of micro-Raman spectroscopic 
imaging to visualize the tensile stress field produced by stress-directed compositional patterning. This method allows us 
to locate the dot positions. To further demonstrate the broad applicability of mechanically triggered quantum dot array 
formation, we have also translated the press-and-print approach to the InGaAs/GaAs system to create 3D confined 
quantum structures.  We will further discuss micro-photoluminescence characterization of InGaAs/GaAs quantum 
structures in this presentation.
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Hidden Galaxies Behind the Milky Way
Keynote:  Dr. Patricia Henning
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Interim Associate Vice President for Research at UNM

Patricia (Trish) Henning is a 
Professor of Physics and Astronomy, 
and the Interim Associate Vice 
President for Research.  She is an 
extragalactic radio astronomer, 
specializing in the study of large scale 
structure of the Universe behind the 
Milky Way.  She and her collaborators, 
including UNM graduate and 
undergraduate students, have 
discovered well over 1000 galaxies 
using radio telescopes in Australia, 
Puerto Rico, and the Netherlands.  She 
also studies the evolution of galaxies 
using observations done with the 
National Radio Astronomy 
Observatory’s Very Large Array radio 
telescope in New Mexico. 

Henning earned her bachelor’s 
degree in physics and astronomy from 
Wellesley College in 1984, and 
completed a Ph.D. in astronomy at the 
University of Maryland in 1990.  She 
joined the UNM faculty in 1993, after a 
postdoctoral appointment at the 
Netherlands Institute for Radio 
Astronomy (ASTRON), in Dwingeloo, 
the Netherlands.  At UNM, she has 
served as the associate chair of the 
Department of Physics and Astronomy, 
the director of the Institute for 
Astrophysics, and the head of the users 
program for the Long Wavelength Array 

radio telescope.  She has worked as a 
visiting scientist at the International 
Centre for Radio Astronomy Research, 
University of Western Australia, in 
Perth, Australia; the University of Cape 
Town, South Africa; ASTRON, 
Dwingeloo, the Netherlands; the 
National Astronomy and Ionosphere 
Center, Arecibo Observatory, Puerto 
Rico; and the Australia Telescope 
National Facility Headquarters, Epping, 
NSW, Australia.  She has served as vice 
chair, and then chair, of the US Square 
Kilometer Array Consortium, and has 
served as an organizer for professional 
meetings held in the US, Canada, 
Mexico, France, Australia, and South 
Africa.

Her research has been reported 
through 159 publications and 
professional presentations, and has 
been funded by the National Science 
Foundation, including an NSF CAREER 
award, and grants from observatories, 
professional societies, and universities. 
She has taught various courses in 
astronomy, as well as the Musical 
Acoustics physics class, winning the 
Excellence in Teaching award in Physics 
and Astronomy twice, and has given 
public lectures in the US, Australia, and 
China.



Hidden Galaxies Behind the Milky Way
Keynote:  Dr. Patricia Henning

2017 UNM STEM Research Symposium

Interim Associate Vice President for Research at UNM

Hundreds of hidden nearby 
galaxies have been studied for the first 
time, shedding light on a mysterious 
gravitational anomaly dubbed the 
"Great Attractor".  Despite being just 
250 million light years from Earth-- very 
close in astronomical terms--the new 
galaxies had been obscured from view, 
until now, by our own galaxy, the Milky 
Way.  Dr. Henning will describe how we 
use radio telescopes to discover and 
study these hidden galaxies and the 
prospects for finding thousands more in 
the coming years.

Dr. Henning's research involves 
using radio telescopes around the world 
to map the distribution of galaxies 
obscured by our own, and she also 
studies how galaxies have evolved over 
the past four billion years with deep 
observations using the New Mexico VLA 
radio telescope.



Dr. Boris Kiefer
Department of Physics; New Mexico State University

In technological societies the standard of living 
is closely linked to the availability of energy. 
Global warming challenges the strong 
dependence on carbon based fuels that are 
currently used for energy production. While 
alternative technologies are available for 
stationary applications, research and 
development into cheap and efficient materials 
that are suitable for operation in limited spaces 
such as vehicles are still needed. 

Fuel cells, an energy technology that converts chemical energy into 
electrical energy, has the potential to fulfill this need. I will focus on two-
dimensional TMxNy (TM=Fe, Co, Ni) defects motifs embedded in a carbon 
matrix to discuss how computational materials science provides 
fundamental insights into the physical and chemical properties of 
electrocatalysts for fuel cells, in particular for the oxygen reduction reaction 
(ORR). Furthermore it is clear that a carbon free energy carrier such as H2

eliminates greenhouse gas emissions. However, it is much less clear how to 
store H2 close to room temperature. Here I will discuss how electrocatalytic
TMxNy defects provide guidance for the computational design of promising 
two dimensional materials for hydrogen storage.

These results and insights provide a few examples how computing can 
advance scientific knowledge and guide engineering design.  

DFT of 2D Materials for Energy Applications
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Prashant Dogra
Investigating the Effect of Size, Charge, Surface Chemistry, and Route of Delivery on Pharmacokinetics 
of Mesoporous Silica Nanoparticles using In Vivo Imaging 
The need to deliver chemotherapy specifically to the tumor site gave rise to the idea of cancer nanomedicine. Taking 
advantage of tumor pathophysiology, drug-loaded nanoparticles can passively accumulate at the tumor site and deploy 
the cargo specifically. However, simultaneous accumulation of nanoparticles in healthy regions of the body remains a 
problem with cancer nanotherapy. It thus becomes necessary to understand the relationship between nanoparticle 
physicochemical properties and their biodistribution behavior in vivo.  
In this in vivo study done on healthy rats, we investigate the effect of nanoparticle size, zeta potential, surface chemistry, 
and route of delivery on the in vivo biodistribution and clearance of mesoporous silica nanoparticles (MSNs). For this, 
radioactively-labeled non-targeted MSNs were injected either intravenously, or intraperitoneally into tumor-less rats. 
Whole-body imaging was performed through single-photon emission computed tomography (SPECT) and computed 
tomography (CT) longitudinally over 24 h, and reconstructed images were quantified for radioactivity concentrations in 
critical regions of interest (heart, lungs, kidneys, liver, spleen, lymph nodes, abdominal aorta, brain, joints, muscles, 
urinary bladder). The temporal evolution of NP concentration in the ROIs was explained through simple semi-mechanistic 
mathematical models. The models thus helped to quantitatively compare the behavior of different MSNs and can help 
guide the design of MSNs with reduced off-target accumulation. 

Abhinav Aggarwal
n Talking Men and 1 Crazy Adversary
Abstract : Imagine a world where Ironman has unbounded computing power in that he can break all forms of 
cryptography. No mathematically challenging problem exists for him and he has turned his intentions to support a 
massive world destruction. In such a world, all current forms of digital security fail and to even send a message across 
securely becomes impossible! Thank God, we have randomization. This talk addresses the research done by the author 
and his team at UNM CS to provide algorithms that are robust to such an adversary and are able to achieve 
communication securely with high probability and low overhead. More specifically, it will discuss a candidate network 
protocol for distributed systems which is under the attack by an omniscient and oblivious adversary and the n parties that 
wish to talk to each other are able to do so correctly with high probability. 

Computational tools in application and theory
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Shreya Vemuganti
Enhancing Structural Visual Inspection of Railroad Bridges Using HoloLens 
Traditional manual inspection of railroad bridges has progressed over the years from simple visual inspection to remotely 

controlled robotized inspection by using Unmanned Aerial Vehicles (UAV). These methods allow non-contact visual 
inspection but do not allow the inspector to interact with the infrastructure being surveyed. The current study provides a 
new method for structural inspection using Augmented Reality (AR). Using multiple sensors and advanced optics, 
HoloLens collects data to document the structural inspection. Computer-generated information allows to spontaneously 
collect and analyze measurements by the inspector at the site of features of interest such as cracks widths and damage 
quantification. Augmented reality provides the additional benefit of allowing a hands-free structural inspection 
minimizing inspection time and reducing challenges. This study shows experiments conducted for taking measurements 
and benchmarking with a HoloLens augmented reality tool. We outline new augmented-reality structural inspection 
protocols and compare them with current bridge inspection techniques. Structural inspection measurements taken with 
a HoloLens from 20feet have less than 2% error. Comparison of current and proposed inspection and future applications 
of HoloLens improving the current field of structural inspections are discussed. 



Gayla F. Walden 
Principal Director, Space Innovation Directorate 
Advanced Development and Planning Division, 
Defense Systems Group 

Gayla Walden is the Principal Director of the Space 
Innovation Directorate.  She assumed this position in June 
2011.  In this capacity, she is responsible for providing 
technical and managerial leadership and acts as the technical 
interface for the Air Force Research Laboratory, Advanced Systems and Development 
Directorate, and Operationally Responsive Space. 

Prior to her current assignment she was the Systems Director of the Flight 
Operations Integration and Engineering Department/SID/SSO/SPEQ. In this capacity, 
she was responsible for providing technical leadership, systems engineering, and 
mission assurance for Ground System 

Development and Readiness and Flight Software Analysis and Monitoring within 
the Space and Missile Systems Center, Space Development and Test Wing, Space 
Development Group. 

Ms. Walden started with Aerospace in 1987 as a Member of the Technical Staff 
in the Engineering and Technology Group. She was promoted to Section Manager in 
the Software 

Development Department of ETG in 1989. Ms. Walden transferred to the Space 
Technology Directorate, located at Kirtland Air Force Base in Albuquerque, New 
Mexico, in 1993. She served as Director of the Space Technology Systems Development 
Department from 1996 to 1999. In her time with Aerospace, Ms. Walden has 
supported a wide variety of systems engineering activities, from Aerospace Sponsored 
Research to flight and ground system development. In addition, she has supported 
numerous source selection activities, the Airborne Laser Program, and Civil and 
Commercial activities. 

Ms. Walden graduated from the University of Texas in Austin, in 1981 with a 
Bachelor of Arts degree in Computer Science.  She was employed by TRW from 1981 to 
1987, working on several distributed software system projects as both an engineer and 
a manager.  While at TRW, she earned her Masters of Science degree in Electrical 
Engineering from the University of Southern California, Los Angeles, in 1986. 

Creative Solutions for 
Out-of-reach Problems
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Jimin Guo
Biofunctionality Preservation by Silica Cell Replication 

Cells have been studied for several centuries as the basic structural and functional unit of all known living organisms. The 
collection of proteins within a cell determines its function. Although proteins are responsible for nearly every task of 
cellular life, proteins in living cells are delicate and fragile. In this case, how to keep them as “lifelike” as possible is
thought to be essential for fundamental studies in cell biology as well as for applications as individual cell biochemical 
sensors and reactors. Silica cell replication, like freezing cells in silica, was invented as a new self-limiting biomolecular 
surface-directed silica assembly method. Inter- and intracellular heterogeneity from the nano- to macroscale is 
dimensionally preserved in silicified cells. Based on these, we hypothesized that silica cell replication can also preserve 
biofunctionalities of whole proteins in the silicified cell and keep them as “lifelike” for a long period time. In this study, we 
will use multiple probes to evaluate the preserved biofunctionality of the silicified mammalian cells. Ultimately we could 
use this to preserve biofunctionality without using cold chain for a long period time. Further, these silica protected 
biological structures can have potential applications in biosensor, bioreactors and cell therapy. 

Ezad Shojaee
Measurement in Quantum Mechanics in a Continuous "Weak" Fashion

The measurement is a dynamical process which makes damage to the system under observation. This damage is 
negligible in the case of classical physics, but it is a huge deal in quantum mechanics. This fundamental issue does put a 
restriction on the knowledge one can get from a system like an atom. In general, one needs a lot of copies of the 
identically prepared system and do different “strong” measurements on them, consecutively, to collect statistics and 
extract information about each individual copy. On the other hand, one can have an ensemble of the copies and do a 
“weak” measurement on them, simultaneously while subject them to an external control and get
information about the individual. This approach is a fast and robust way to reconstruct the individual copy, but can we do 
this to gain knowledge about the correlations among the individuals?

Virginia F. Thompson
Submerged aquatic macrophytes (SAMs) in the sky: At home in high elevation streams

Submerged aquatic macrophytes (SAMs) are key species when present in aquatic ecosystems, but are not a ubiquitous 
aquatic ecosystem component. When present, they perform multiple ecosystem functions including water quality 
enhancement, provision of habitat structure and food sources, and nutrient cycling. Normally studied in low elevation, 
low gradient, often highly impacted river systems, SAMs were found in multiple high elevation (2,500 m) stream systems 
in the Jemez Mountains. However, little was known about SAM communities in this area. We studied physical 
(geomorphology: depth, width, velocity, estimated discharge, and stream gradient) and biological parameters (% cover 
and biomass) of three Jemez Mountain river systems that contained SAM species in some locations to assess the SAM 
community. A Principal Components Analysis (PCA) and Mann-Whitney U tests showed that the physical parameters in 
surveyed systems differ in sites with and without macrophyes present. While there were no differences in biomass found 
in each system, there was a difference in the percent composition of different species in each system. Although elevation 
is a common limiting factor in biogeographic ranges of other plants, these results imply that elevation alone may not be 
key to shaping the geographic range of these macrophyte communities.

Pushing the Boundaries
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