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Poster Presentations 
Separations 
Metamaterials for Mass Diffusion Control 
Juan Manuel Restrepo Florez / Prof. Martin Maldovan 
Energy is an expensive resource both in ecological and economical terms. Currently nearly one 
third of the global energy consumption is expended in industrial processes and of this 50% is due 
to separation processes. The high-energy demand from separation processes has attracted 
attention from researchers looking for new strategies to achieve separations in more efficient 
ways. One of these alternatives is the use of membranes, a technology that relies on the selective 
transport of one compound trough a thin membrane, that can be porous or dense; in the latter 
case it has been proved that the selectivity is a direct function of the solubility and the diffusivity 
of the compounds involved in the membrane. Based on these considerations the physical and 
chemical properties of membranes have been studied to achieve more selective membranes. 
However, there is one consideration that has been overlooked, the fact that the diffusion 
coefficient can be anisotropic and that anisotropicity can be controlled. The precise control of 
anisotropicity could be of aid to achieve better separations. One question that remains is how can 
this anisotropic design be implemented in the design of new and more effective membranes? In 
this work we describe how metamaterial theory can be used for the design of anisotropic 
membranes and we demonstrate that this kind of theory could lead to a new generation of 
membrane-based materials with improved capabilities in comparison with isotropic materials 
typically available. 

Microporous Hollow Fiber Membranes Spun from PIM-1 
Melinda L. Jue / Prof. Ryan Lively 
Polymers of intrinsic microporosity (PIMs) have highly rigid backbones that lead to a number of 
favorable properties, particularly for gas separation applications. Current research on PIMs has 
been exclusively performed on flat sheet membranes to understand fundamental material 
properties. To bridge the gap between development of new high performance polymers and 
industrially attractive technologies, more efficient membrane units need to be engineered. 
Hollow fiber membranes fulfill this need by combining large surface areas, excellent pressure 
resistance, and highly scalable fabrication in small volume, modular units. This work is the first 
to demonstrate the fabrication of defect-free hollow fiber membranes derived purely from PIM-
1. These membranes have been characterized for their separation performance under a variety of 
conditions. More broadly, this work details a method of going from synthesis of a non-
commercially available polymer with limited solubility properties to spinning a hollow fiber 
membrane. 

Synthesis of Water-Sensitive Metal Organic Frameworks within Fiber 
Sorbent Modules 
Brian Pimentel / Prof. Ryan Lively 
Here we report a synthetic route for the production of water-sensitive Metal Organic 
Frameworks in polymer fiber sorbents by use of metal oxides as seeding intermediates. Cellulose 
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acetate/ZnO (48 wt%) fibers were spun via a dry-jet wet-quench method and quickly converted 
through hydroxy double salt intermediates into HKUST-1 and ZIF-8 with maximum MOF 
loading of 85 wt% and 66 wt% respectively. We demonstrate this process on module-packaged 
fibers, in which ready-to-use fiber sorbents are synthesized in a moisture-free environment. 
Modules are then employed in CO2/N2 breakthrough experiments. 

Iron-Containing Carbon Molecular Sieve Membranes for Advanced Olefin 
/Paraffin Separations 
Yu-Han Chu / Prof. William Koros 
Membrane technology may provide an attractive alternative to traditional thermally driven 
methods for gas separation. In this work, olefin-selective membranes are described for use in a 
hybrid membrane-distillation process to retrofit the current distillation process to lower the 
overall energy usage.  Previous work has shown that carbon molecular sieve (CMS) membranes 
with rigid structures are promising for olefin/paraffin separation, based on diffusion selectivity, 
while sorption selectivity has little influence. In this work, integrating Fe2+ into polymer 
precursors was pursued to improve CMS membrane separation properties for advanced 
olefin/paraffin separations. The choice of Fe2+ was based on a combination of factors including 
olefin selectivity, low cost, and stability against contaminants. Starting materials and processing 
conditions were investigated in order to explore the impact on CMS membranes separation 
properties for mixed olefins/paraffins. CMS membranes were made having improved 
olefins/paraffins separation performance, which will be reported. 

Heat-Treatment of Molecular Sponges: Adsorption and Stability Studies 
Yang Jiao / Prof. Krista Walton 
Metal-organic frameworks (MOFs) are well-known for their endless possibilities in terms of pore 
size, geometry and functionality by changing the combination of metal ions or clusters and 
organic ligands. Recently, defect engineering in MOFs has drawn intense research interest for 
both fundamental and practical reasons. However, studies elucidating the nature of defects in 
MOFs and investigating their effect on stability and large molecules adsorption properties are 
relatively sparse. In this work, with the addition of trifluoroacetic acid in the synthesis, two 
versions of defective UiO-66 frameworks containing supermicropores or micro-mesopores have 
been prepared through post-heat treatments 200 °C and 320 °C	under vacuum, respectively. 
Structural and adsorption properties have been investigated by a combination of solid-state 
nuclear magnetic resonance spectra, transmission electron microscopy images, powder X-ray 
diffraction patterns, pore size distribution analysis and vapor sorption isotherms. Compared with 
the parent UiO-66, defective UiO-66 containing supermicropores (1.9 nm) exhibits an 84 % 
increase in cyclohexane adsorption capacity (mmol/cm3) at 25 °C and P/P0= 0.2. We further 
conduct a systematic study of defect concentrations and their correlation with stability deviations 
from the parent UiO-66 in water and acidic environments. Interestingly, heating a low 
temperature at 200 °C under vacuum, experimental and computational methods were employed 
to demonstrate that the defective UiO-66 (200 °C) with the incorporation of trifluoroacetate 
groups displays excellent stability upon exposure to water and acidic environments.  
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Biotechnology 
Precise	 Control	 of	 Pigment	 Production	 for	 Use	 in	 a	 Fast-Responding	
Biosensor 
Monica McNerney / Prof. Mark Styczynski 
Zinc deficiency is a major health and economic problem in the developing world, and current 
methods for detecting zinc deficiency are cost-prohibitive for use in the regions most affected.  
Our group recently developed a low-cost bacterial biosensor that can produce different visible 
outputs based on the concentration of zinc in which the cells grow.  To make an easy-to-use, 
field-deployable assay, we are engineering cells that completely repress pigmentation during 
growth and quickly produce the red pigment lycopene upon induction.  Complete repression of 
pigment production during growth is necessary and requires more precise control than what is 
necessary for most synthetic biology and metabolic engineering applications, since small 
amounts of enzyme can produce large, visible amounts of pigment.  

Promoter engineering, translational modifications, and metabolic pathway supplementation were 
used to create systems that could fully repress lycopene production in the uninduced growth 
stage and produce visible lycopene within two hours of induction. Three commonly used 
inducible promoter systems were tested for their ability to control lycopene, and additional 
repressor binding sites and weaker RNA polymerase binding domains were added to increase 
promoter repressibility.  However, these modifications had only a modest effect on reducing 
unwanted lycopene.  Translational modifications proved much more effective in controlling 
lycopene production.  When the original ribosomal binding sites (RBSs) on the lycopene 
pathway genes were replaced with weaker RBSs, all promoter systems could fully repress 
pigmentation in the uninduced state and produce visible amounts of lycopene within four hours 
of induction. Overexpression of lycopene’s metabolic precursors reduced the time to coloration 
to 1.5 hours—a very large improvement over the 18-24 hours required in the original assay. This 
work is a significant step towards the achievement of a field-deployable, minimal equipment 
assay.  

Developing Polyvalent Vaccines and Therapeutics Against Viral Pathogens 
Tania Rosen / Prof. Ravi Kane 
Infections caused by pathogens such as the influenza virus and HIV have killed millions of 
people worldwide. We focus on using the concept of polyvalency to combat viral pathogens. 
Polyvalent or multivalent interactions involve the simultaneous binding of multiple ligands on 
one entity to multivalent receptors on another.  Synthetic polyvalent molecules, consisting of 
nanoscale scaffolds presenting multiple copies of suitable ligands, can be used to 1. inhibit 
undesired biological interactions at concentrations that are orders of magnitude lower than the 
corresponding monovalent ligands and 2. elicit desired cellular responses (e.g., the activation of 
an immune response). 
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Our goal is to use the concept of polyvalency to design 'broadly neutralizing' vaccines against 
influenza, by presenting the antigen (hemagglutinin) on an inert scaffold in a controlled 
orientation. We also aim to develop polyvalent molecules that bind to a chemokine receptor, 
CCR5. HIV uses CCR5 as a co-receptor to infect host cells, therefore, by blocking this receptor, 
we aim to make polyvalent inhibitors against HIV infection. These polyvalent molecules would 
more potent antagonists of CCR5 than the corresponding monovalent ligands.    

Process Design of an Integrated Biorefinery - Chemical Pretreatment 
Thomas Kwok / Prof. Matthew Realff / Prof. Andreas Bommarious 
Solvent selection is a key early decision in chemical process design. We evaluate mild chemical 
pretreatments that operate at ambient pressure, temperatures between 40˚C - 85˚C, and residence 
times less than an hour. In addition to the solvent’s fractionation ability, key factors for solvent 
selection include the downstream process impact, solvent recovery, and toxicity.  Considering 
these factors, we present a study of organic solvent pretreatment processes. We demonstrate how 
solvent properties affect the delignification capacity of a solvent. Using delignification data, we 
introduce a Lignin Value Prior to Pulping (LVPP) process that has the potential to be 
implemented in both new and existing pulp mills.  We describe how solvent recovery, toxicity, 
and other process constraints directly influence solvent selection. These insights highlight the 
relevant parameters and determine the required experiments to optimize a chemical pretreatment 
process for an integrated biorefinery.  

Nanopatterning Protein Antigens to Direct Immune Response 
Chad Varner / Prof. Ravi Kane 
Immunization provides an effective way to prevent many infectious diseases . However, some 
pathogens are able to evade the immune response elicited from traditional vaccines. For instance, 
the high mutation rate of influenza leads to the need for seasonal vaccines to match the current 
strain. We hypothesized that by controlling the orientation and nanopatterning of certain protein 
antigens we could direct the immune response to more desirable sites (i.e. highly conserved 
regions) than are not accessible in standard immunization approaches. Our efforts to thus redirect 
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the immune response in the context of a model antigen (green flourescent protein) and relevant 
pathogens (e.g. influenza) will be discussed. 

Direct Ink Write (DIW) 3D Printed Cellulose Nanocrystal Aerogel Structures 
Vincent Li / Prof. Yulin Deng / Prof. H. Jerry Qi 
For the first time, pure cellulose nanocrystal (CNC) aerogels with controlled 3D structures are 
printed using the direct ink write (DIW) technique. While traditional cellulosic aerogel 
processing approaches lack the ability to easily fabricate complete aerogel structures, direct ink 
write 3D printing followed by freeze drying can overcome this shortcoming and can produce 
CNC aerogels with minimal structural shrinkage or damage. The resultant products have great 
potential in applications such as tissue scaffold templates, drug delivery, packaging, etc., due to 
their inherent sustainability, biocompatibility, and biodegradability. Various 3D structures are 
successfully printed without support material, and the print quality can be improved with 
increasing CNC concentration and printing resolution. Dual pore CNC aerogel scaffolds are also 
successfully printed, where the customizable 3D structure and inner pore architecture can 
potentially enable advance CNC scaffold designs suited for specific cell integration 
requirements. 

A Linear Programming-Based Modeling Strategy for Capturing Dynamics 
and Metabolite-Dependent Regulation in Metabolism 
Robert A. Dromms / Prof. Mark Stycznski 
The genome-scale analysis of cellular metabolites, “metabolomics”, provides data ideal for 
applications in metabolic engineering. However, many of the computational tools for strain 
design are built around Flux Balance Analysis (FBA) and were developed well before the 
availability of such data; most of these tools make assumptions that preclude direct integration of 
metabolomics data into the underlying models. However, the Linear Program structure produced 
by FBA engenders a number of attractive and advantageous computational properties relative to 
more sophisticated and mechanistic Ordinary Differential Equations (ODE) models. Finding a 
way to retain these properties while relaxing assumptions that preclude integration of 
metabolomics data could allow us to account for metabolite levels and metabolite-dependent 
regulation in the many computational strain design tools built from FBA, improving the accuracy 
of predictions made by these tools. 

We designed, implemented, and characterized a modeling strategy based on dynamic FBA 
(DFBA) to satisfy these specifications. This modeling strategy adds constraints describing the 
dynamics and regulation of metabolism, while (unlike DFBA) retaining the Linear Program 
structure of FBA. We have evaluated the strategy using a toy model (5 metabolites, 5 fluxes) to 
characterize some basic features of its performance, and with a model of E. coli central carbon 
metabolism (18 metabolites, 48 fluxes) to show that the strategy can be applied to a 
physiologically relevant model. For the toy model, we developed a procedure to generate 
synthetic data of arbitrary quality from an underlying ODE model, and we fit several modeling 
frameworks to this noisy synthetic data and compared how well they recapitulated the original 
system. We found that our modeling strategy is more robust to higher noise and fewer samples 
than fitting with an ODE model. The larger E. coli model introduced new challenges for fitting 
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model parameters, and we developed several methods to improve the effectiveness of parameter 
fitting at this scale. 

 

Energy and Catalytic Systems 
Interaction Between Surface Chemistry and Infrared Surface Plasmons 
Supported by Tin-Doped Indium Oxide Nanocrystals 
Weize Hu / Prof. Michael Filler 
Doped semiconductor nanocrystals have emerged as a new class of materials that support near to 
mid-infrared localized surface plasmon resonances (LSPRs), especially oxides such as tin-doped 
indium oxide (ITO). Here, we use time-resolved in situ infrared spectroscopy to study the 
influence of nanocrystal surface chemistry on the plasmon as well as the influence of the 
plasmon on nanocrystal surface chemistry. We find that annealing in O2 injects oxygen atoms 
that complex with substitutional Sn atoms and reduces the carrier density. This results in a LSPR 
redshift of more than 1000 cm-1. The reverse process and blueshift of the LSPR occurs upon 
annealing in N2. We develop a reaction-diffusion model that allows us to rationalize the atomic-
level details of the process. In addition, we find that the desorption rate for model molecules 
(e.g., indole, benzoic acid) can be enhanced by more than 100% from the nanocrystal surface 
upon infrared light excitation at room temperature.  The process is linearly dependent on light 
intensity. Our results highlight the complex interactions between chemical bonds and surface 
plasmons, an understanding of which is critical for engineering materials and devices to harvest 
infrared light. 

Gasification Studies of Model Refuse Derived Fuel (RDF) 
Sireesha Aluri / Prof. Pradeep Agrawal / Prof. Carsten Sievers 
The discarded portion of MSW is subjected to pre-processing steps to make Refuse Derived Fuel 
(RDF). For this study, a model RDF composition was established based on EPA data and 
pyrolysis results of individual components. Pyrolysis studies were carried out in a TGA by 
ramping at 20 K/min from 25 – 800 °C. Gasification of pyrolyzed feed was conducted at 800 °C 
using pure CO2 and steam as the gasification reagents.  

Inorganic materials inherently present in the feed have an effect on the gasification reactivity. 
Alkali and alkaline earth metals were catalytically beneficial, while other inorganics, such as 
silicon and phosphorous, had an inhibiting effect. Gasification behavior of the model RDF char 
in CO2 showed a synergistic effect, which could be attributed to the inorganic content 
distribution during the process. Potassium present in the orange peel char catalyzes the 
gasification of other RDF char components due to its mobility at high temperatures. This 
observation was verified by comparing the sum of individual gasification reactivities with mixed 
RDF char composite reactivity. Additionally, EDX of the chars confirmed redistribution of 
potassium during gasification. 

The effect of the inorganics was also evident when steam was used as the gasifying agent. 
However, the transient reactivity profiles in steam were different as compared to those during 
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CO2 gasification. Tissue paper (calcium-rich), orange peel (potassium-rich), rubber (silicon-rich) 
and model RDF were gasified in steam and the reactivity trends were compared to those 
observed during CO2 gasification. Both the type and amount of inorganics present had an effect 
on the gasification reactivity in different gasifying mediums. In addition to the effect of the 
inorganics, steam gasification reactivity profiles were affected by hydrogen inhibition. Various 
RDF components rich in different inorganic species thus exhibited varying reactivity trends 
during steam gasification.  

Selective Conversion of Furfuryl Alcohol to 2-Methylfuran Over Reduced Co-
Fe-Al Mixed Oxides 
Taylor Sulmonetti / Prof. Christopher Jones 

 

Furfuryl alcohol (FA) has been deemed as a key biomass platform molecule, and can be further 
catalytically converted through a wide variety of pathways. This compound is derived from 
inedible lignocellulose, and can produce fuel additives such as 2-methylfuran (2-MF) that reduce 
the world’s dependence on petroleum resources. It is crucial to develop a selective, non-precious 
metal, and robust catalyst to create a more viable process to convert biomass to fuels. Therefore, 
we sought to explore the performance of Co-Al based mixed metal oxides due to its promise for 
the vapor phase conversion of FA to 2-MF in prior literature. These catalysts were prepared 
through a layered double hydroxide method, which created highly dispersed, versatile, and 
robust mixed metal oxides once calcined at high temperatures. Even though the reduced Co-Al 
catalysts displayed high yields towards 2-MF, when Fe was doped into the matrix there was a 
significant enhancement in activity and yield, achieving about 83% yield towards 2-MF. 
Additionally, these catalysts were shown to be recycled through a simple calcination and 
reduction process. Further studies were conducted to determine the electronic environment of the 
catalysts. Through various studies including TPR, XPS, and in situ XAS it was suggested that Fe 
facilitates the reduction of Co allowing for formation of more metallic species. Overall, this 
study provides evidence for the utilization of non-precious metal catalysts for selective 
conversion of a key biomass oxygenate. 
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Catalytic Performance of Thermally Stable Ceria-Alumina Oxides for Coking 
Resistance and Coke Oxidation 
Shilpa Mahamulkar / Prof. Pradeep Agrawal / Prof. Christopher Jones 

Carbonaceous deposits are generated during incomplete hydrocarbon combustion (e.g. soot in 
diesel engines), catalytic conversion of hydrocarbons, and thermal decomposition of 
hydrocarbons (e.g. coke formed in steam crackers). Buildup of such deposits in reactors and on 
catalysts reduces the yield of desired products and requires frequent shutdowns for catalyst 
regeneration, thereby increasing costs. Hence, reduction in accumulation of these deposits by fast 
oxidation is of significant interest in various chemical industries. This work focuses on 
investigating the performance of ceria-alumina catalysts with varying composition towards 
coking resistance and oxidation of coke formed in-situ.  

In-situ coke formed with 2 vol% ethylene in He at 950°C for 1 hour was used for analysis. 
Higher amount of coke was deposited on bare α-alumina than ceria – alumina catalysts. This 
coking resistance was attributed to redox property of ceria, allowing ceria to provide oxygen 
atoms for oxidation of coke as soon as it is deposited on the ceria surface. The reaction rate 
constants for oxidation of coke were determined by fitting first order rate equation to the mass 
loss data for isothermal experiment for data from 0 to 50% conversion. Figure 1a shows that 
ceria catalyzed oxidation was faster than un-catalyzed oxidation. At 350 ºC, activity of catalysts 
increased from 20 to 50 mol% Ce and then remained steady until 80 mol% Ce. TPR runs were 
used to measure surface oxygen available at the temperature of oxidation for each of the 
catalysts. The activity of ceria-alumina oxides was related to the availability of these surface 
oxygen atoms. Higher surface oxygen availability increased the reaction rate as shown in Figure 
1b.  

Cellulose Nanomaterials as Alternative Supports for Cooperative 
Organocatalysis: Acid-base Catalyzed C-C Bond Forming Reactions 
Nathan Ellebracht / Prof. Christopher Jones 
While biomass-derived chemicals and fuels present an obvious alternative direction for a 
diminishing forest products industry, there exist various nearer term products that do not attempt 
to displace traditional low margin chemical and fuel products. A primary example of these new 
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bioproducts is a class of natural nanomaterials chemically or mechanically isolated from 
cellulosic biomass broadly termed cellulose nanomaterials (CNs). CNs, with impressive strength 
and bonding properties, have been primarily investigated in reinforcement and barrier 
applications. However, these adaptable materials have broadly studied in a variety of 
applications including sensing, fuel cells, and catalysis. Rod-like crystalline bundles of linear 
cellulose polymers (5-10 nm x 100-500 nm), CNs have hydroxyl-rich surfaces which are 
excellent substrates for a suite of chemical functionalizations. 

Recent advances in supported organocatalysis have demonstrated that grafted organic base 
functionality can act cooperatively with weakly acidic surface hydroxyls on inorganic supports 
as enzyme-inspired acid-base organocatalysts. This study describes the investigation of cellulose 
nanomaterials as alternative supports for cooperative organocatalysts. The surface chemistry of 
the CNs was modulated by tuning the types and loading of acid and base content. An efficient 
two-step modification route was employed to achieve normal spacing and high degrees of 
functionalization with basic amine species.  Surface chemistry and structure were characterized 
by FTIR spectroscopy, CP-MAS 13C NMR, conductometric titration, elemental analysis, and 
other techniques. CN catalysts were tested in batch C-C bond forming aldol condensation 
reactions, both with well-defined test reactions and in biomass platform molecule upgrading 
reactions not previously studied with supported organocatalysts. Reaction rates and surface 
characterization were used to describe the activity and cooperativity of various functional 
moieties. This new application of CNs advances another direction for these emergent 
bioproducts and provides additional insight into the activity and functionalization of their 
surfaces. 
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Complex Systems and Materials 
Silica Embedded Hollow Fiber Based Scalable Flow Reactor for C–H 
Functionalization via Tandem Reactions 
Chun-Jae Yoo / Prof. Christopher Jones 

Intensive research during the last decade on catalytic C–H activation with noble metal catalysts 
has brought significant innovation in total synthesis and drug discovery methodologies. This 
research has been conducted primarily with soluble molecular catalysts in batch reactors, which 
have some limitations for scaling to large scale syntheses. In many C-H activation chemistries, 
reactive metal carbenes are created using relatively reactive and unstable diazonium compounds.  
Such reactive compounds are ideally not stored in large quantities on site, and just-in-time 
synthesis is preferred. These challenges can be addressed by developing tandem reaction 
protocols employing microfluidic flow reactor systems. Previously, our group described a 
strategy to achieve scalable C–H activation systems by engineering systems comprised of 
supported catalysts and flow reactors. In this research, we have developed tandem flow reactors 
where we synthesize the reactive diazo compound in flow, and immediately convert the 
compound in a second, downstream polymeric hollow fiber flow reactor containing supported 
asymmetric dirhodium catalysts. 

Modified Cellulose Nanocrystals Reinforced Acrylate Coating 
Zihao Qu / Prof. Carson Meredith 
Cellulose nanocrystals (CNC) have drawn a great interest in mechanical reinforced polymer 
nanocomposites in recent years, and tailoring interfacial interactions between fillers and polymer 
matrix plays a critical role in improving their mechanical properties. Acrylic coatings are widely 
used in architectural coating, product finishes for OEM and special-purpose coating. 
Polymethylmethacrylate (PMMA), for example, is an important synthetic polymer with excellent 
transparency and easy processing ability. However, PMMA has insufficient mechanical strength 
which limits the applications. In this work, CNC was modified with 2-isocyanatoethyl 
methacrylate (IEM). Isocyanate group can react with hydroxyl groups on the surface of CNC. 
Thus the vinyl group could be covalently bonded to CNC. The modified CNC showed enhanced 
thermal stability. The modified CNC was in-situ polymerized with methyl methacrylate in 
dimethylformamide (DMF). The resulted PMMA-IEM/CNC nanocomposite can be solution 
casted as a sheet. In comparison with neat PMMA, the nanocomposite showed increased tensile 
strength at yield by 70% and increased elastic modulus by 40% at 2.0 wt.% CNC loading. 
Meanwhile, PMMA was also prepared with unmodified CNC as a control. The control 
composite (PMMA-CNC) showed dramatically decrease both in mechanical strength and in light 
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transparency at 2.0 wt.% CNC loading comparing with neat PMMA, mainly due to the bad 
dispersion of CNC in PMMA.  

Leveraging Localized Surface Plasmon Effects in Si Nanowires 
Dmitriy S. Boyuk/ Li-Wei Chou/ Prof. Michael Filler 
The strength of localized surface plasmon resonance (LSPR) 
near-field interactions scales in a well-known, nearly universal 
manner for isotropic dielectric environments. Here, we show 
that embedding resonators in an anisotropic dielectric with a 
large permittivity can substantially increase coupling strength. 
We experimentally demonstrate this effect with Si nanowires 
containing two phosphorus-doped segments. The near-field 
decay length scaling factor is extracted from in situ infrared 
spectral response measurements using the “plasmon ruler” 
equation, and found to be ~5x larger than for the same 
resonators in an isotropic vacuum. Discrete dipole 
approximation (DDA) calculations support the observed 
coupling behavior and show how it is affected by the resonator 
geometry, carrier density, and embedding material (e.g., Si, Ge, 
GaAs, etc.). Our findings demonstrate that equivalent near-field 
interactions are achievable with a smaller total volume and/or at 
increased resonator spacing, offering new opportunities to 
engineer plasmon-based chemical sensors, catalysts, and 
waveguides.  

The Anchoring Strength of Lyotropic Chromonic Liquid Crystals in 
Cylinders 
Rui Chang / Prof. Mohan Srinivasarao / Prof. Elsa Reichmanis 
Lyotropic chromonic liquid crystals (LCLCs) is a class of liquid crystals with a small twist 
elastic modulus. They exhibit chiral structures with achiral constituent molecules in cylinders, 
which are useful in optical devices with optical rotatory power. The director of liquid crystals on 
the cylindrical surface has a preferred anchoring orientation and the deviation from this 
orientation cost energy. A chiral structure, called twisted escaped radial configuration, was 
observed with normal surface anchoring wherein the preferred orientation is perpendicular to the 
surface. The normal anchoring is violated with high LCLC concentration, in which case the 
double twist structure with the director tangential to the cylindrical surface was observed in co-
existence with twisted escaped radial structure. The anchoring violation is rationalized by weak 
normal anchoring strength overcome by the large stabilization of surface elastic free energy. The 
normal anchoring strength is estimated with the help of numerical calculation. The alignment 
film on the cylindrical surface also applies tangential anchoring that aligns director along 
cylindrical axis. The axial anchoring strength is estimated by the twist angle measurement of 
double twist configuration. 
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Two-Step Process to Create “Roll-Off” Superamphiphobic Paper Surfaces 
Lu Jiang / Prof. Dennis Hess / Prof. Victor Breedveld 
Surface modification of cellulose-based paper to repel a wide range of liquids is reported. Water 
and oils “bead up” and roll off the paper surface even after dynamic impact tests demonstrating a 
durable paper product for a variety of applications. The surface modification process involves 
exposing paper to an oxygen plasma for 30 min to create dual-scale roughness followed by a 15 
min vapor phase silanization with fluoroalkyl trichlorosilane to lower the surface energy. Surface 
morphology is controlled by plasma etching while surface chemistry is modified with a thin 
fluorosilane coating (1 ~ 2 nm) that does not alter the modified physical structure. As a result, a 
hierarchical structure is generated as an inherent property of the substrate and good adhesion 
exists between the film and substrate. This two-step combination enables fine tuning of 
nanoscale roughness and enables improved fundamental understanding of the effect of micro- 
and nano- scale roughness on paper wetting properties. Furthermore, the water and oil repellant 
paper has high gas permeability due to pore volume enhancement by plasma etching, but 
maintains the mechanical flexibility and strength of untreated paper. This unique combination of 
paper properties offers applications such as breathable and disposable medical apparel, “green” 
packaging materials and medical testing strips through a simple etch plus coating process.  

Effect of Surface Chemistry and Particle Size on the Performance of Fe3O4 Li-
ion Battery 
Krysten Minnici / Prof. Elsa Reichmanis 
Battery electrodes are complex mesoscale systems comprised of an active material, conductive 
agent, current collector, and polymeric binder [1]. Previous work focused on enhancing electron 
and ion transport in high capacity anode systems by introducing poly[3-(potassium-4-butanoate) 
thiophene] (PPBT) as a binder component and a polyethylene glycol(PEG) surface coating on 
magnetite (Fe3O4) nanoparticles [2]. The PPBT/PEG system will be utilized in this work, which 
takes a closer look at the active material, Fe3O4, and examines the effects of surface chemistry 
and particle size (10 nm vs. 20 nm) on battery performance. 

Variations in surface chemistry are due to the synthesis methods used for Fe3O4, which use 
ammonium hydroxide or triethylamine as a base. SEM images of the electrodes, which are 
composed of Fe3O4 particles, carbon additives, and the PPBT binder, indicate that the bases 
produce different morphologies. The Fe3O4 particles synthesized with ammonium hydroxide 
appear more dispersed relative to those made with triethylamine, which could have a significant 
impact on the battery performance. Furthermore, XPS and FTIR data indicate that these bases 
produce difference chemical interactions within the electrode. 

Preliminary battery testing demonstrates that the triethylamine-based electrode has a higher 
capacity and better capacity retention over 100 cycles at 0.3C as compared to the ammonium 
hydroxide-based electrode. In reference to differences in active material size, preliminary battery 
testing also indicates that the electrodes with 20 nm particle size Fe3O4 initially have a higher 
capacity, but the electrodes with 10 nm particle size Fe3O4 have better capacity retention over 
100 cycles at 0.3C. 
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[1] Y. H. Kwon, M. M. Huie, D. Choi, M. Chang, A. C. Marschilok, K. J. Takeuchi, E. S. 
Takeuchi, E. Reichmanis, ACS Appl. Mater. Interfaces, 2016, 8 (5), 3452–3463. 

[2] Y. H. Kwon, K. Minnici, M. M. Huie, A. C. Marschilok, K. J. Takeuchi, E. S. Takeuchi, E. 
Reichmanis. Chem. Mater., 2016, 28 (18), 6689–6697. 

 

Bio-Assisted Processing of Semiconducting Polymers for Flexible Electronics 
Bailey Risteen / Prof. Mohan Srinivasarao / Prof. Paul Russo / Prof. Elsa Reichmanis 
The future of “green” electronics rests on the ability to use renewable materials during device 
fabrication. For example, bio-derived materials can be incorporated into device components to 
produce flexible and “recyclable” electronics and are being explored as low-cost alternatives to 
silicon. One main challenge in producing flexible organic electronic devices is ensuring adequate 
performance of the active semiconducting material. Spontaneous self-assembly of 
semiconducting polymers (SPs) can yield undesirable amorphous aggregates that prevent 
effective charge-carrier transport. Polymer alignment by intra and interchain π-π stacking is 
crucial to achieving superior opto-electronic properties and high charge carrier mobilities. In this 
work, bio-derived cellulose nanocrystals (CNCs) were investigated as a means of enforcing π-π 
stacking in SPs. Both liquid crystal templating using CNCs and direct covalent anchoring of 
polythiophenes onto CNCs is being explored.  
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Oral Presentations 
Separations  
Metamaterials for Mass Diffusion Control 
Juan Manuel Restrepo Florez / Prof. Martin Maldovan 
Energy is an expensive resource both in ecological and economical terms. Currently nearly one 
third of the global energy consumption is expended in industrial processes and of this 50% is due 
to separation processes. The high-energy demand from separation processes has attracted 
attention from researchers looking for new strategies to achieve separations in more efficient 
ways. One of these alternatives is the use of membranes, a technology that relies on the selective 
transport of one compound trough a thin membrane, that can be porous or dense; in the latter 
case it has been proved that the selectivity is a direct function of the solubility and the diffusivity 
of the compounds involved in the membrane. Based on these considerations the physical and 
chemical properties of membranes have been studied to achieve more selective membranes. 
However, there is one consideration that has been overlooked, the fact that the diffusion 
coefficient can be anisotropic and that anisotropicity can be controlled. The precise control of 
anisotropicity could be of aid to achieve better separations. One question that remains is how can 
this anisotropic design be implemented in the design of new and more effective membranes? In 
this work we describe how metamaterial theory can be used for the design of anisotropic 
membranes and we demonstrate that this kind of theory could lead to a new generation of 
membrane-based materials with improved capabilities in comparison with isotropic materials 
typically available. 

Microporous Hollow Fiber Membranes Spun from PIM-1 
Melinda L. Jue / Prof. Ryan Lively 
Polymers of intrinsic microporosity (PIMs) have highly rigid backbones that lead to a number of 
favorable properties, particularly for gas separation applications. Current research on PIMs has 
been exclusively performed on flat sheet membranes to understand fundamental material 
properties. To bridge the gap between development of new high performance polymers and 
industrially attractive technologies, more efficient membrane units need to be engineered. 
Hollow fiber membranes fulfill this need by combining large surface areas, excellent pressure 
resistance, and highly scalable fabrication in small volume, modular units. This work is the first 
to demonstrate the fabrication of defect-free hollow fiber membranes derived purely from PIM-
1. These membranes have been characterized for their separation performance under a variety of 
conditions. More broadly, this work details a method of going from synthesis of a non-
commercially available polymer with limited solubility properties to spinning a hollow fiber 
membrane. 

Synthesis of Water-Sensitive Metal Organic Framework in Fiber Sorbents via 
ZnO Conversion to Hydroxy Double Salt Intermediates 
Brian Pimentel / Prof. Ryan Lively 
Here we report a synthetic route for the production of water-sensitive Metal Organic 
Frameworks in polymer fiber sorbents by use of metal oxides as seeding intermediates. Cellulose 
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acetate/ZnO (48 wt%) fibers were spun via a dry-jet wet-quench method and quickly converted 
through hydroxy double salt intermediates into HKUST-1 and ZIF-8 with maximum MOF 
loading of 85 wt% and 66 wt% respectively. We demonstrate this process on module-packaged 
fibers, in which ready-to-use fiber sorbents are synthesized in a moisture-free environment. 
Modules are then employed in CO2/N2 breakthrough experiments. 

CO2 Capture using Monolith Supported Amine Functionalized MOFs 
Lalit Durante/ Prof. Christopher Jones/ Prof. Krista Walton/ Prof. David Sholl 
Direct adsorption of CO2 from ambient air, also known as direct air capture (DAC), is a 
complementary approach to flue gas capture processes which capture CO2 from more 
concentrated sources. Metal organic framework (MOF) supported amine materials have shown a 
promising performance for CO2 capture. In the present talk, we will consider Mg2(dobpdc) & 
Mn2(dobpdc) MOFs functionalized with N-N’ dimethyl ethylene diamine (MMEN) for CO2 
capture. These adsorbents have shown exceptional equilibrium capacities for CO2 capture.  They 
will be discussed in the context of stability under humid condition. Also, practical applications of 
Mg2(dobpdc) using honeycomb monolith supports will be presented. Uniformity of MOF film on 
monolith channels, mechanical and thermal stability of the film are some of the key parameters 
in the development of MOFs on monolith. Different approaches for the synthesis of MOF film 
on monolith will be presented. We have successfully engineered a highly effective, oriented and 
robust film for CO2 capture. Finally, a practical process using MOF film on a honey comb 
monolith is also briefly discussed.  

 

Concurrent Approach for Isotherm Determination and Process Design of 
Multicomponent Adsorption Systems 
Siwei Guo/ Prof. Yoshiaki Kawajiri/ Prof. Sankar Nair/ Prof. David Sholl 
Determining adsorption isotherms for multi-component systems requires substantial 
experimental effort. An example is xylenes isomers on molecular sieve, which is usually 
determined by studying single component adsorption and fitting the data to a competitive 
adsorption model. In this study, a concurrent approach for isotherm modelling and process 
design is proposed. In this proposed approach, a process model with preliminary isotherm 
parameters is used to design an adsorption process, and this model also predicts some 
representative compositions in the process. At these predicted compositions, isotherm 
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measurement tests are carried out. The isotherm determined from the experimental data refines 
the process model, which leads to better prediction of compositions. These two steps, isotherm 
determination and process design, are carried out concurrently and iteratively.  

We present a simulated moving bed (SMB) process for xylene isomer separation as an example. 
A rigorous dynamic model for the SMB process is implemented and optimized by a deterministic 
method. The internal concentration profiles are used to determine the compositions where 
experiments for isotherm determination is carried out. The predicted compositions are shown in 
Figure 1(b). At these predicted compositions, breakthrough tests are carried out so that the 
isotherm can be determined using the breakthrough data obtained at these critical compositions. 

1. Tournier, H., et al., Adsorption equilibrium of xylene isomers and p-diethylbenzene on a 
prehydrated BaX zeolite. Industrial & Engineering Chemistry Research, 2001. 40(25): p. 5983-
5990. 

Systems Design and Economic Analysis of Direct Air Capture of CO2 
Through Temperature Vacuum Swing Adsorption 
Anshuman Sinha/ Prof. Matthew Realff/ Prof. Yoshiaki Kawajiri 
The rising levels of CO2 concentration in the atmosphere poses a serious threat to global climate 
stability. To mitigate this threat, efforts needs to be made for reduction of CO2 levels. One of the 
strategy is to capture CO2 from stationary, point, sources. Another strategy is to capture 
CO2 directly from ambient air which, if successfully implemented, could result in capture of 
CO2 from disperse emission sources. In contrast to CO2 capture from stationary sources, Direct 
Air Capture (DAC) plants are location independent and can be scaled more easily. 

Our work proposes a DAC process using a metal organic framework. We present a comparison 
of two metal organic frameworks, namely, MIL-101-PEI-50 and mmen-Mg2(dobpdc) for DAC 
through temperature vacuum swing adsorption (TVSA). Isotherm parameter estimation for CO2 
adsorption was carried out for both the adsorbents using published and original data and a kinetic 
study was performed through empirical correlations to estimate the mass transfer rates for the 
process. To achieve a temperature swing, steam is used as a stripping agent during the desorption 
step. In this thermal desorption operation, it is believed that the amines groups present in the 
metal organic frameworks are prone to oxidative degeneration at higher temperatures. To 
overcome this challenge, we propose a five step process: adsorption, evacuation, pressurization, 
desorption and cooling. In order to model this system, a mathematical model that consists of 
partial differential algebraic equations is implemented in gPROMS, which is a commercial 
dynamic process modeling and optimization software. The linear driving force (LDF) model is 
used to approximate the rate of CO2 adsorption. 

This talk will discuss the energy requirements and overall economics of this DAC process. It has 
been shown that lifetime of the adsorbent is critical in estimating the net cost. Furthermore, a 
sensitivity analysis of the adsorbent’s lifetime is performed to analyze the DAC economics for 
both the adsorbents. 
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Residual Metal Control in Titanium Carbide-Derived Carbon and the Effects 
of Various Sulfur Dioxide Environments 
Michael Dutzer/ Prof. Krista Walton 
Carbide-derived carbons (CDC) contain a porous network of uniform pore sizes created through 
the removal of the metal heteroatoms and the reorganization of the remaining carbon. A key 
advantage of CDCs is that the metal for active sorption sites is already a part of the original 
carbide; consequently, incorporating metal sites can be accomplished via a one-pot synthesis 
procedure. Therefore, an understanding of the etching process is necessary to control the residual 
metal properties. Specifically, this work focuses on the effects of reactor design on particle 
properties. Titanium carbide is an ideal candidate to develop a fundamental understanding of the 
reactor design effects as titanium does not induce any changes in the carbon structure and 
follows a core-shell model of metal extraction. The adsorption properties of TiC-CDC with 
various amounts of residual metal are evaluated for carbon dioxide removal before and after 
exposure to acidic environments. 

 

Identification of High CO2 Capacity Cationic Zeolites by Accurate 
Computational Screening 
Hanjun Fang/ Prof. David Sholl 
Solid porous materials such as cationic zeolites have shown great potential in energy-efficient 
separation processes. Conventional adsorbent design involves ad-hoc and inefficient 
experimental evaluation of a large structural and compositional space. We developed a 
computational methodology to screen cationic zeolites for CO2 separation processes with 
quantitative accuracy, and identified a number of novel high-performing materials. This study 
enabled us to develop an intuitive design workflow for selecting optimal materials, and 
dramatically accelerate the development of industrially relevant separation processes.  
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Process Integration for Simulated Moving Bed Reactor for Production of 
Glycol Ether Acetate 
Shan Tie/ Prof. Yoshiaki Kawajiri/ Prof. Andreas Bommarius 
Simulated moving bed reactor (SMBR) has significant advantages over the sequential reactor 
and separator operation in terms of improved separations, increased productivity, and reduced 
solvent consumption. Past interest in SMBR have not analyzed its operation within a process 
flowsheet.  
This work identifies the optimal operating parameters for an SMBR within an overall process—
an SMBR and two downstream units. The extract and raffinate streams are processed to improve 
product purity, and recycle streams leaving the downstream units return to the SMBR to reduce 
solvent consumption. Two different operating schemes are evaluated for the recycle stream—the 
standard and superstructure configuration. 

The process flowsheet is optimized for the production of PMA. Conversion, recycle ratios, and 
solvent to product ratio are process constraints. The objective function is evaluated for the 
conversion varied from 90%-99% and excess solvent ratio from 1.2 to 8. These results are 
compared to those of an isolated SMBR. This work offers a more realistic overall process 
understanding that is representative of industrial SMBR operations. 

 
 
A Database of 2D Zeolite Nanosheets 
Omar Knio/ Prof. David Sholl/ Prof. Sankar Nair 
Zeolites are porous silicon oxide or silicon-aluminum oxide materials used in catalysis, 
adsorption, and ion exchange.  They are grown industrially as 3D crystals using structure 
directing agents. Research into polymer terminated structure directing agents (SDA) has allowed 
for the production of 2D nanosheets, which have superior properties to 3D crystals owing to 
much larger surface area to volume ratios.  However, to produce a 2D nanosheet for a particular 
application, the right zeolite framework and structure directing agent must be found.  This 
presents a compounded challenge for chemists since there is little knowledge on selecting the 
most suitable SDA for a particular framework and the properties of the resulting nanosheet.  
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Here we describe the generation of a nanosheet database starting from the 231 real frameworks 
and 800,000 hypothetical frameworks.  Each framework is analyzed for possible truncation 
planes, and nanosheets are created from matching the truncation planes with each other.  The 
nanosheets are then screened for uniqueness using radial distribution functions, for continuity 
using graph theory, and for thermodynamic favorability using molecular dynamics with the Hill-
Sauer force field.  The pore size of each remaining sheet is then characterized using Zeo++.  The 
final result is a database of unique, chemically stable, and thermodynamically favorable zeolite 
nanosheets with known pore sizes.  Our process is verified by comparing the predicted 
nanosheets with those realized experimentally. We further provide an example of using the 
database to select frameworks for several important industrial separations using pore size 
analysis. This work is the first step in eventually developing a database of SDAs for each 
framework. 

 

Interactions of SO2-Containing Acid Gases with ZIFs: Structural Changes 
and Mechanistic Investigations 
Souryadeep Bhattacharyya/ Prof. Sankar Nair/ Prof. David Sholl 
Zeolitic Imidazolate Frameworks (ZIFs) are a set of nanoporous metal-organic frameworks 
(MOFs) with tunable porosity and functionality. Among MOFs, they also show relatively good 
stability with respect to temperature and humidity. These characteristics lead to their possible 
applications in separation processes. In many practical separation processes, adsorbents are 
exposed to a variety of molecular species including acid gases. However, there is little 
knowledge of the effects of such acid gas exposure on the adsorption and separation properties of 
ZIFs. In this work, the stability of ZIF materials, particularly ZIF-8, ZIF-14 and ZIF-71 under 
SO2 exposure in dry, humid, and aqueous environments are investigated in detail. Combined 
characterization by several techniques (PXRD, N2 physisorption, EDX, XPS, and FTIR) allowed 
us to track the structural and compositional properties before and after SO2 exposure. ZIF-8 and 
ZIF-14 are found to be unstable under long-term humid SO2 exposure while ZIF-71 is stable 
under similar exposure conditions. We discuss in detail the likely mechanisms responsible for 
this behavior. This work is a valuable starting point to develop a generalized understanding of 
ZIF stability in acidic environments. 
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Biotechnology  
Precise Control of Pigment Production for use in a Fast-Responding 
Biosensor 
Monica McNerney/ Prof. Mark Styczynski 
Zinc deficiency is a major health and economic problem in the developing world, and current 
methods for detecting zinc deficiency are cost-prohibitive for use in the regions most affected.  
Our group recently developed a low-cost bacterial biosensor that can produce different visible 
outputs based on the concentration of zinc in which the cells grow.  To make an easy-to-use, 
field-deployable assay, we are engineering cells that completely repress pigmentation during 
growth and quickly produce the red pigment lycopene upon induction.  Complete repression of 
pigment production during growth is necessary and requires more precise control than what is 
necessary for most synthetic biology and metabolic engineering applications, since small 
amounts of enzyme can produce large, visible amounts of pigment.  

Promoter engineering, translational modifications, and metabolic pathway supplementation were 
used to create systems that could fully repress lycopene production in the uninduced growth 
stage and produce visible lycopene within two hours of induction. Three commonly used 
inducible promoter systems were tested for their ability to control lycopene, and additional 
repressor binding sites and weaker RNA polymerase binding domains were added to increase 
promoter repressibility.  However, these modifications had only a modest effect on reducing 
unwanted lycopene.  Translational modifications proved much more effective in controlling 
lycopene production.  When the original ribosomal binding sites (RBSs) on the lycopene 
pathway genes were replaced with weaker RBSs, all promoter systems could fully repress 
pigmentation in the uninduced state and produce visible amounts of lycopene within four hours 
of induction. Overexpression of lycopene’s metabolic precursors reduced the time to coloration 
to 1.5 hours—a very large improvement over the 18-24 hours required in the original assay. This 
work is a significant step towards the achievement of a field-deployable, minimal equipment 
assay. 

A Linear Programming-Based Modeling Strategy for Capturing Dynamics 
and Metabolite-Dependent Regulation in Metabolism 
Robert A. Dromms / Prof. Mark Stycznski 
The genome-scale analysis of cellular metabolites, “metabolomics”, provides data ideal for 
applications in metabolic engineering. However, many of the computational tools for strain 
design are built around Flux Balance Analysis (FBA) and were developed well before the 
availability of such data; most of these tools make assumptions that preclude direct integration of 
metabolomics data into the underlying models. However, the Linear Program structure produced 
by FBA engenders a number of attractive and advantageous computational properties relative to 
more sophisticated and mechanistic Ordinary Differential Equations (ODE) models. Finding a 
way to retain these properties while relaxing assumptions that preclude integration of 
metabolomics data could allow us to account for metabolite levels and metabolite-dependent 
regulation in the many computational strain design tools built from FBA, improving the accuracy 
of predictions made by these tools. 
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We designed, implemented, and characterized a modeling strategy based on dynamic FBA 
(DFBA) to satisfy these specifications. This modeling strategy adds constraints describing the 
dynamics and regulation of metabolism, while (unlike DFBA) retaining the Linear Program 
structure of FBA. We have evaluated the strategy using a toy model (5 metabolites, 5 fluxes) to 
characterize some basic features of its performance, and with a model of E. coli central carbon 
metabolism (18 metabolites, 48 fluxes) to show that the strategy can be applied to a 
physiologically relevant model. For the toy model, we developed a procedure to generate 
synthetic data of arbitrary quality from an underlying ODE model, and we fit several modeling 
frameworks to this noisy synthetic data and compared how well they recapitulated the original 
system. We found that our modeling strategy is more robust to higher noise and fewer samples 
than fitting with an ODE model. The larger E. coli model introduced new challenges for fitting 
model parameters, and we developed several methods to improve the effectiveness of parameter 
fitting at this scale. 

Modeling and Development of a Generalizable pH-based Colorimetric Assay 
Harrison B. Rose/ Prof. Andreas Bommarius 
Rapid and repeatable activity assays are essential for the screening and improvement of 
biocatalysts. Common analytical methods such as HPLC and GC are too slow for many 
biocatalysis applications. Similarly, the need to standardize assays for substrate screening can 
represent a considerable time commitment up front. Thus, the availability of assays is sometimes 
a limiting factor in the development of new biocatalysts.  Many enzymatic reactions may directly 
release protons, or alter the acidity of ionizable groups on reaction substrates. Such reactions 
may influence the pH of weekly buffered systems. Here we present a mathematical model which 
relates the conversion of these reactions to the degree of color-change in a pH indicator. This 
tool enables the general application of colorimetric screening assays to a wide variety of 
reactions, and eliminates the need for standard curves in first-pass analysis. 

 
 

Microneedle Patches for Point-of-care Diagnostics 
Pradnya Samant/ Prof. Mark Prausnitz 
Early and easy diagnosis of diseased conditions and regular monitoring of treatment are 
imperative to effective diseases management. Biomarkers found in dermal dermal interstitial 
fluid (ISF) can further our state-of-art diagnostic technology. existing technologies to harvest ISF 
are slow and painful.  We have developed a microneedle based device that samples ISF from 
skin by penetrating superficial skin layers. Previous approaches to develop microneedle patches 
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for sampling interstitial fluid have been largely unsuccessful due to very low volumes of ISF, in 
nanolitres, that can be extracted. To solve this issue and sample microliter volumes of interstitial 
fluid, microneedles were coupled with a driving force to allow uptake. A systematic examination 
of different mechanisms to sample interstitial fluid showed an advantage of using an active 
pressure driven approach compared to a passive diffusion based approach. This microneedle 
device design is based on a thorough understanding of mechanisms, rate limiting steps, tissue-
device interaction and fluid flow models. To validate the device design, the device performance 
was studied on human volunteers where sampling rates were the highest among all past studies 
using devices to sample interstitial fluid. This device has far-reaching implications in diagnostics 
clinically-for home use and in POC settings, and for research - for novel biomarker discovery. 

 

Energy and Catalytic Systems 
Interaction Between Surface Chemistry and Infrared Surface Plasmons 
Supported by Tin-Doped Indium Oxide Nanocrystals 
Weize Hu / Prof. Michael Filler 
Doped semiconductor nanocrystals have emerged as a new class of materials that support near to 
mid-infrared localized surface plasmon resonances (LSPRs), especially oxides such as tin-doped 
indium oxide (ITO). Here, we use time-resolved in situ infrared spectroscopy to study the 
influence of nanocrystal surface chemistry on the plasmon as well as the influence of the 
plasmon on nanocrystal surface chemistry. We find that annealing in O2 injects oxygen atoms 
that complex with substitutional Sn atoms and reduces the carrier density. This results in a LSPR 
redshift of more than 1000 cm-1. The reverse process and blueshift of the LSPR occurs upon 
annealing in N2. We develop a reaction-diffusion model that allows us to rationalize the atomic-
level details of the process. In addition, we find that the desorption rate for model molecules 
(e.g., indole, benzoic acid) can be enhanced by more than 100% from the nanocrystal surface 
upon infrared light excitation at room temperature.  The process is linearly dependent on light 
intensity. Our results highlight the complex interactions between chemical bonds and surface 
plasmons, an understanding of which is critical for engineering materials and devices to harvest 
infrared light. 

Selective Conversion of Furfuryl Alcohol to 2-Methylfuran Over Reduced Co-
Fe-Al Mixed Oxides 
Taylor Sulmonetti / Prof. Christopher Jones 
Furfuryl alcohol (FA) has been deemed as a key biomass platform molecule, and can be further 
catalytically converted through a wide variety of pathways. This compound is derived from 
inedible lignocellulose, and can produce fuel additives such as 2-methylfuran (2-MF) that reduce 
the world’s dependence on petroleum resources. It is crucial to develop a selective, non-precious 
metal, and robust catalyst to create a more viable process to convert biomass to fuels. Therefore, 
we sought to explore the performance of Co-Al based mixed metal oxides due to its promise for 
the vapor phase conversion of FA to 2-MF in prior literature. These catalysts were prepared 
through a layered double hydroxide method, which created highly dispersed, versatile, and 
robust mixed metal oxides once calcined at high temperatures. Even though the reduced Co-Al 
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catalysts displayed high yields towards 2-MF, when Fe was doped into the matrix there was a 
significant enhancement in activity and yield, achieving about 83% yield towards 2-MF. 
Additionally, these catalysts were shown to be recycled through a simple calcination and 
reduction process. Further studies were conducted to determine the electronic environment of the 
catalysts. Through various studies including TPR, XPS, and in situ XAS it was suggested that Fe 
facilitates the reduction of Co allowing for formation of more metallic species. Overall, this 
study provides evidence for the utilization of non-precious metal catalysts for selective 
conversion of a key biomass oxygenate. 

 

Gasification Studies of Model Refuse Derived Fuel (RDF) 
Sireesha Aluri / Prof. Pradeep Agrawal / Prof. Carsten Sievers 
The discarded portion of MSW is subjected to pre-processing steps to make Refuse Derived Fuel 
(RDF). For this study, a model RDF composition was established based on EPA data and 
pyrolysis results of individual components. Pyrolysis studies were carried out in a TGA by 
ramping at 20 K/min from 25 – 800 °C. Gasification of pyrolyzed feed was conducted at 800 °C 
using pure CO2 and steam as the gasification reagents.  

Inorganic materials inherently present in the feed have an effect on the gasification reactivity. 
Alkali and alkaline earth metals were catalytically beneficial, while other inorganics, such as 
silicon and phosphorous, had an inhibiting effect. Gasification behavior of the model RDF char 
in CO2 showed a synergistic effect, which could be attributed to the inorganic content 
distribution during the process. Potassium present in the orange peel char catalyzes the 
gasification of other RDF char components due to its mobility at high temperatures. This 
observation was verified by comparing the sum of individual gasification reactivities with mixed 
RDF char composite reactivity. Additionally, EDX of the chars confirmed redistribution of 
potassium during gasification. 

The effect of the inorganics was also evident when steam was used as the gasifying agent. 
However, the transient reactivity profiles in steam were different as compared to those during 
CO2 gasification. Tissue paper (calcium-rich), orange peel (potassium-rich), rubber (silicon-rich) 
and model RDF were gasified in steam and the reactivity trends were compared to those 
observed during CO2 gasification. Both the type and amount of inorganics present had an effect 
on the gasification reactivity in different gasifying mediums. In addition to the effect of the 
inorganics, steam gasification reactivity profiles were affected by hydrogen inhibition. Various 
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RDF components rich in different inorganic species thus exhibited varying reactivity trends 
during steam gasification.  

Fabrication of Precision Integrated Capacitor 
Jisu Jiang / Prof. Paul Kohl 
Integrated, mass formed, passive components in electronic package substrates or printed wiring 
boards allow for denser electronic systems. Among the most common passive components, 
capacitors are of high interest because of the number of components used on the substrate for 
power-ground decoupling, filtering and noise suppression. Directly incorporating the capacitor 
into the substrate, compared to surface mounting, can free-up surface area for other components 
and decrease the parasitic properties caused by the mounting technology.  

The capacitor dielectric material can be divided into paraelectric and ferroelectric materials. Both 
types of dielectric materials experience electronic, ionic and atomic polarization. Ferroelectric 
materials retain their polarization when the external field is removed, because atoms cannot 
move within the lattice. However, the dielectric properties of ferroelectric materials depend 
strongly on temperature and frequency, which is a 
disadvantage at high frequency application. Paraelectric 
materials have relatively low dielectric constant compared to 
ferroelectric materials. However, they can operate consistently 
over a wide range of temperatures and frequencies, which 
make them useful for capacitors. 

A detailed parametric study on the fabrication of metal-
insulator-metal capacitors through the anodization of 
aluminum in an aqueous ammonium pentaborate octahydrate 
electrolyte is reported. The dependence of the specific 
capacitance on anodization voltage, time, temperature, and 
electrolyte concentration was studied in deionized water and 
ethylene glycol. A linear increase in capacitance with 
anodization voltage was found, with the highest capacitance 
achieved at 473 nF/cm2 in ethylene glycol. Room temperature, 
long-time anodization time and high electrolyte concentration 
within the studied range yielded the best quality dielectric 
films and low leakage current. The capacitors fabricated in 
ethylene glycol satisfy the on-chip capacitors criteria of ITRS, 
with quadratic voltage coefficient <100 ppm/V2. 

Synthesis and Characterizations of a Mesoporous Spinel CoAl2O4 Based 
Catalyst for Non-Oxidative Propane Dehydrogenation 
Bo Hu / Prof. Christopher Jones/ Prof. Sankar Nair 
Alkane dehydrogenation is a promising catalytic process to utilize abundant shale gas as a low 
price, alternative hydrocarbon source for production of light olefins, which are important 
building blocks for the chemical industry. Today, the best performing catalysts are mainly based 
on Cr and Pt, which are also utilized in industrial dehydrogenation processes. Due to the versatile 
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chemical reactivity, 3d transition metals have also been explored for application in alkane 
dehydrogenation. Examples that exhibited promising catalytic performance for propane 
dehydrogenation include Fe-ZSM5, sulfated or phosphated Al2O3 supported Fe and Co catalysts, 
and a silica supported isolated Co species. Herein, we report a mesoporous Co based spinel 
material as a catalytically active and selective catalyst for propane dehydrogenation operating 
between 550 ˚C and 600 ˚C. The mesoporous spinel structure was characterized by N2 
physisorption, X-ray diffraction and TEM, while X-ray adsorption spectroscopy (XAS) and UV-
Vis spectroscopy were employed to demonstrate the coordination geometry of Co. The in-situ 
XAS data suggested a non-redox mechanism of propane dehydrogenation over the Co catalyst, 
and Co was proposed to be active as a Lewis acid. The acidic properties were further 
characterized by pyridine IR and NH3 TPD.  

Complex Systems and Materials 
Silica Embedded Hollow Fiber Based Scalable Flow Reactor for C–H 
Functionalization via Tandem Reactions 
Chun-Jae Yoo / Prof. Christopher Jones 
Intensive research during the last decade on catalytic C–H activation with noble metal catalysts 
has brought significant innovation in total synthesis and drug discovery methodologies. This 
research has been conducted primarily with soluble molecular catalysts in batch reactors, which 
have some limitations for scaling to large scale syntheses. In many C-H activation chemistries, 
reactive metal carbenes are created using relatively reactive and unstable diazonium compounds.  
Such reactive compounds are ideally not stored in large quantities on site, and just-in-time 
synthesis is preferred. These challenges can be addressed by developing tandem reaction 
protocols employing microfluidic flow reactor systems. Previously, our group described a 
strategy to achieve scalable C–H activation systems by engineering systems comprised of 
supported catalysts and flow reactors. In this research, we have developed tandem flow reactors 
where we synthesize the reactive diazo compound in flow, and immediately convert the 
compound in a second, downstream polymeric hollow fiber flow reactor containing supported 
asymmetric dirhodium catalysts. 

 

Modified Cellulose Nanocrystals Reinforced Acrylate Coating 
Zihao Qu / Prof. Carson Meredith 
Cellulose nanocrystals (CNC) have drawn a great interest in mechanical reinforced polymer 
nanocomposites in recent years, and tailoring interfacial interactions between fillers and polymer 
matrix plays a critical role in improving their mechanical properties. Acrylic coatings are widely 
used in architectural coating, product finishes for OEM and special-purpose coating. 
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Polymethylmethacrylate (PMMA), for example, is an important synthetic polymer with excellent 
transparency and easy processing ability. However, PMMA has insufficient mechanical strength 
which limits the applications. In this work, CNC was modified with 2-isocyanatoethyl 
methacrylate (IEM). Isocyanate group can react with hydroxyl groups on the surface of CNC. 
Thus the vinyl group could be covalently bonded to CNC. The modified CNC showed enhanced 
thermal stability. The modified CNC was in-situ polymerized with methyl methacrylate in 
dimethylformamide (DMF). The resulted PMMA-IEM/CNC nanocomposite can be solution 
casted as a sheet. In comparison with neat PMMA, the nanocomposite showed increased tensile 
strength at yield by 70% and increased elastic modulus by 40% at 2.0 wt.% CNC loading. 
Meanwhile, PMMA was also prepared with unmodified CNC as a control. The control 
composite (PMMA-CNC) showed dramatically decrease both in mechanical strength and in light 
transparency at 2.0 wt.% CNC loading comparing with neat PMMA, mainly due to the bad 
dispersion of CNC in PMMA.  

Leveraging Localized Surface Plasmon Effects in Si Nanowires 
Dmitriy S. Boyuk/ Li-Wei Chou/ Prof. Michael Filler 
The strength of localized surface plasmon resonance (LSPR) 
near-field interactions scales in a well-known, nearly universal 
manner for isotropic dielectric environments. Here, we show 
that embedding resonators in an anisotropic dielectric with a 
large permittivity can substantially increase coupling strength. 
We experimentally demonstrate this effect with Si nanowires 
containing two phosphorus-doped segments. The near-field 
decay length scaling factor is extracted from in situ infrared 
spectral response measurements using the “plasmon ruler” 
equation, and found to be ~5x larger than for the same 
resonators in an isotropic vacuum. Discrete dipole 
approximation (DDA) calculations support the observed 
coupling behavior and show how it is affected by the resonator 
geometry, carrier density, and embedding material (e.g., Si, Ge, 
GaAs, etc.). Our findings demonstrate that equivalent near-field 
interactions are achievable with a smaller total volume and/or at 
increased resonator spacing, offering new opportunities to 
engineer plasmon-based chemical sensors, catalysts, and 
waveguides.  
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Informatics-Enabled Determinations of the Process-Structure-Property 
Relationships in Polymeric Transistor Fabrication 
Nils Persson/ Prof. Martha Grover/ Prof. Elsa Reichmanis 
 

 

Learning and quantifying the process-structure-property relationships in complex nanomaterial 
systems is a significant challenge in today’s research environment, exacerbated by the high 
volume and variety of data produced by such systems. This is perhaps no better represented than 
by the fabrication of poly(3-hexylthiophene)-based organic field effect transistors (OFET), 
which are simultaneously application-oriented devices and experimental test beds to study the 
effects of polymer solution preparation and deposition on thin film charge carrier mobility. 
Mobility is affected by numerous factors: raw material properties such as polymer molecular 
weight and regioregularity, solution conditions such as solvent environment and acoustic or 
radiative energetic inputs, deposition parameters such as shear rate and substrate temperature, 
and even device architecture decisions. In turn, these process parameters affect thin film 
structural variations from the molecular to the micron scale, which are captured by data sources 
including UV-vis absorbance spectra, AFM images, and GIXRD spectra. To identify the 
relationships between process parameters, thin film structure and charge carrier mobility, a 
database and an image analysis app were constructed to handle this information and facilitate 
knowledge extraction according to the materials informatics framework central to the Materials 
Genome Initiative. I will briefly demonstrate three key features of this system: filtering and 
comparison of literature results, extraction and visualization of image-based structural metrics, 
and automated quantification of structure-property relationships. This talk should be of interest 
to researchers in polymer processing, organic electronics, or those who are simply curious what 
the recent trend in “informatics” is all about. 

 

 

  



30 
 

 

Acknowledgements 
2017 Graduate Symposium Executive Boards 
Chairs 
Thomas Kwok 
Songcheng Wang 

Vice Chairs 
Alex Tsoras 
Jisu (Aaron) Jiang 

Hospitality 
Anshul Dhankher 
Fengyi Zhang 

Media 
Adam Caparco 
Matt Macdonald 
Yao Ma 

Abstracts 
Lisa Wiest 
Michael Stellato 
Samantha Pustulka 

Food 
Justin Lee 
Tom Groseclose 

Special Thanks to: 
Faculty Presenters 
Dr. David Sholl 
Dr. William Koros 
Dr. Matthew Realff 

Poster Session Judges 
All ChBE Faculty Volunteers  



31 
 

Sponsors  


