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KEYNOTE ADDRESS: GSK POSTER SESSION

Speaker: Brian Bules, Global Head of Workforce Innovations, Solutions and 
Operations at GSK
Rewarding career possibilities, stories about learning from failed experiments and 
profiles for many successful people who have spent some of their careers at GSK will be 
shared by GlaxoSmithKline’s (GSK’s) Global Head of Workforce Solutions and Georgia 
Tech alumnus, Brian Bules. GSK is a UK-based global leader in biopharmaceuticals, 
vaccines and consumer healthcare products with an extensive R&D portfolio and 
global market share of medicines supported by over 100,000 employees. He will 
provide overview of how GSK focuses on Innovation, Performance and Trust through its 
employees and many collaborations to bring lifesaving and enhancing medicines and 
vaccines to people around the world. Brian will share what it is like to work for a Company 
that was just named for the 7th year in a row the #1 biopharmaceutical company for 
providing Access to Medicines to patients around the world and one that is very active in 
pursuing for Covid-19 vaccines and therapeutics. Finally, Brian will share information on 
jobs which may be a good fit for Georgia Tech Chemical and Biomolecular Engineers plus 
give his advice for transitioning from graduate work to the life sciences industry.

The PDFs of all posters are available here. 

Biotechnology

Engineering immunogens to elicit broadly neutralizing antibodies
Steven Frey, Ravi Kane
link
A challenge in the development of an effective vaccine is the creation of an immunogen 
that elicits a broad immune response. This challenge stems from the variability of viral 
proteins across strains, such that it may be beneficial to direct the immune response 
to conserved antigenic sites.  Respiratory syncytial virus (RSV), for which there is 
currently no licensed vaccine, displays a fusion (F) protein that contains both variable 
and conserved regions.  This protein has an antigenic site called site Ø, which has 
been shown to elicit potent, neutralizing antibodies and has therefore been considered 
important in the formulation of an RSV vaccine.  However, this site is also the least 
conserved region on the F protein across RSV subtypes.  Therefore, we hypothesized 
that directing the immune response away from site Ø and refocusing it towards more 
conserved parts of the RSV F protein might serve to better elicit broadly neutralizing 
antibodies.  To demonstrate that directing the immune response away from site Ø is a 
viable approach, we have created an RSV F protein with inserted glycans that shield site 
Ø.  Sera from mice immunized with multivalent scaffolds presenting this immunogen 
were capable of neutralizing RSV of both subtypes.  This result suggests that site Ø 
is dispensable for immunogenicity and may ultimately help to inform the design of a 
broadly protective vaccine.

Engineered systems of inducible anti-repressors for the next generation of 
biological programming
Thomas Groseclose, Corey Wilson

https://drive.google.com/drive/folders/0Bx8mwoUe1BQwfklRLU56MGJVRzU0elFGRXpQdFFGcmlNVElESnJ4U3NDQTBYcFU0TFJ1dkU?usp=sharing
https://drive.google.com/file/d/1CyGOugV0iDMyqWA1kIPJ6-OggDdHZ8Oa/view?usp=sharing
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link
Traditionally-engineered genetic circuits have almost exclusively used naturally occurring 
transcriptional repressors. Recently, non-natural repressor transcription factors have 
been engineered and employed in synthetic biology with great success. However, 
transcriptional anti-repressors have largely been absent in engineered genetic circuits. 
Here, we present a workflow for engineering systems of non-natural anti-repressors. In 
this study, we create 41 inducible anti-repressors. This collection of transcription factors 
respond to two distinct ligands, fructose (anti-FruR) or D-ribose (anti-RbsR), and were 
complemented by 14 additional engineered anti-repressors that respond to the ligand 
isopropyl β-d-1-thiogalactopyranoside (anti-LacI). In turn, we use this collection of anti-
repressors and complementary genetic architectures to confer logical control over gene 
expression. Here, we achieved all NOT oriented logical controls (i.e., NOT, NOR, NAND, 
and XNOR). The engineered transcription factors and corresponding series, parallel, 
and series-parallel genetic architectures represent a nascent anti-repressor based 
transcriptional programming structure.

Mapping the Spatiotemporal Relationships among Force, Focal Adhesions and 
YAP
Elijah Holland, Andres Garcia
link
Dynamic cell-cell and cell-ECM (extracellular matrix) interactions modulate tissue-level 
processes (contractility, regeneration, morphogenesis, pathogenesis) through regulating 
basic cellular processes (adhesion, motility, proliferation, and differentiation). Adhesive 
interactions function as the primary mechanism cells turn ECM cues into cellular 
processes. Focal adhesions (FAs), clusters of structural and signaling proteins, function 
as principal sites for force transfer and mechanotransduction. While much progress 
has been made to understand FA assembly, the biological mechanism(s) for how FAs 
sense force and translate mechanical cues into biochemical signals remains unknown. 
Recent studies have implicated FAs to yes associated protein (YAP), a transcriptional 
coactivator, which turns physical inputs, such as ECM rigidity, into biochemical 
responses, such as modulating gene expression. Since studies have shown YAP’s 
activity is directed by the cell’s cytoskeletal structure, we modulated FA composition and 
structure to determine which protein interactions are critical for YAP activity. 
We cultured mouse embryonic fibroblasts (MEFs) onto ECM-coated micropillar-array-
deflectors (mPADs). By modulating key FA structural and signaling proteins through 
pharmacological inhibitors, short hairpin RNAs, and various recombinant protein 
mutants, we determined that proper interactions between talin, vinculin, and FAK regulate 
YAP nuclear accumulation and therefore its activity. This led us to hypothesize that FAs 
function as key mechanosensors, which modulate YAP activity through their quantity and 
spatial integration. 

Engineered synthetic platform for human intestinal organoid generation and 
delivery
Adriana Mulero-Russe, Andres Garcia
link
Human intestinal organoids (HIOs) are three-dimensional multicellular structures 
containing epithelial cell types mimicking human intestinal tissue architecture. HIOs 
represent a powerful tool for disease modeling and cell-based tissue repair therapies. 
These organoids are generated after a month-long differentiation process guided 
by growth factor cocktails promoting human pluripotent stem cells (hPSCs) to self-
organize into 3D spherical cell clusters (spheroids) and grow and mature into organoids 
grown within a 3D matrix. The entire differentiation process (2D and 3D) is supported 

by Matrigel, a murine tumor-derived extracellular matrix material. HIO-based research 
and therapeutic applications, although promising, are severely hindered by minimal 
knowledge of the microenvironmental cues guiding hPSCs self-organization to 
spheroids, resulting in low turnout of positive spheroids maturing into HIOs and poor 
reproducibility of these structures. Additionally, their clinical translatability is strongly 
limited by the dependence on Matrigel, a xenogeneic, tumor-derived product with lot-
to-lot structural and compositional variability. Our approach to address these gaps is to 
engineer a well-defined synthetic matrix capable of supporting the 2D and 3D HIOs in 
vitro growth stages and serve as a delivery vehicle to exploit their therapeutic potential 
in vivo. To achieve this, we have engineered a synthetic polyethylene glycol (PEG) based 
hydrogel system with independent control of the physical and chemical matrix properties 
(i.e., matrix stiffness, adhesive type and density, degradability), a controlled crosslinking 
reaction, and high batch-to-batch reproducibility. With this project, we will be proposing 
a scalable, clinically translatable, completely synthetic material to reproducibly generate 
human intestinal organoids useful for many different applications such as tissue repair 
and regeneration. The results suggest the PEG based hydrogel system is conducive to 
hPSCs attachment, and HIO growth and maturation in vitro. Additionally, we demonstrate 
the PEG hydrogel can form a thin coating adhering to injured intestinal tissue ex-vivo.

Computational Pipeline for Quantification of Synapses in C. elegans’s 
Connectome
Keren Zhang, Hang Lu
link
The connectome of C. elegans is the first comprehensive map of synaptic connections 
for an organism. Studying C.elegans’s connectome is essential in understanding how 
neurons are connected structurally and how the connections are subject to change 
such as development. However, traditional methods of studying synapse mainly rely on 
manual scoring on a few samples, and thus lacking quantification and variability. With 
microfluidic chips and fluorescent microscopy, we acquired massive amount of data to 
quantify the synapses and include individual variation. we propose a machine learning-
based computational pipeline to extract the synapses’ quantitative phenotypes from 3D 
confocal fluorescent microscopy images. We use convolutional neural networks (UNet) 
to segment out region of interest (ROI), which is neurite of presynaptic and postsynaptic 
neurons that co-localize with synapses, and then we further segment out synapses and 
subsequently extract quantitative phenotypes. We demonstrate that this pipeline can 
capture synaptic difference between different gender and throughout development, 
as well as the distribution along neurite. We aim to apply this pipeline to multiple 
connections and study their roles in the connectome.

The Sweet Solution to Sensing: Repurposing Glucose Monitors to Detect 
Micronutrient Deficiency and Pathogenic Bacteria
Yan Zhang, Mark Styczynski
link
Portable and simple-to-use diagnostic systems that can reliably quantify analyte 
concentrations at the testing site have been long sought after. A pocket-sized personal 
glucose monitor (PGM) is perhaps the most successful example of such diagnostics, 
and previous works have successfully reprogrammed PGM to detect analytes other than 
blood glucose. Here, we aim to integrate synthetic biological circuits and Escherichia 
coli lysate-based cell-free protein expression system with PGM for analyte quantification 
at the point of need. We show that genetic circuits constructed by transcription- and 
translation-regulators can modulate reporter enzyme (β-galactosidase) production 
in the presence of a target, which in turn converts lactose substrate into glucose 
for PGM quantification. Because glycolysis is active in the crude lysate and readily 

https://drive.google.com/file/d/17IRKfTg_2WnHHsIa2XQKCBmU3_U_LzhG/view?usp=sharing
https://drive.google.com/file/d/1H8N99ERliAp_qWYOXjwSAjarPKaX-ac4/view?usp=sharing
https://drive.google.com/file/d/1UW7pJaz-JsdeR_JIZnv1kBqPBDl1fniv/view?usp=sharing
https://drive.google.com/file/d/11th0_5nxaohn7v9Oay57h3IdHWcYdvMo/view?usp=sharing
https://drive.google.com/file/d/1hoG9RuEzhZq294Fam7MS8LP-MhwgjrMx/view?usp=sharing
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depletes converted glucose, we decoupled enzyme production and glucose conversion 
to increase endpoint signal output. We further capitalized on this lysate metabolism 
for one-pot removal of endogenous glucose present in complex samples (like human 
serum) without impacting enzyme production and endpoint analyte quantification. 
Taken together, we show that integrating synthetic biology and cell-free system to PGM 
facilitates tailormade biosensor designs and extends the reach of PGM-mediated analyte 
quantification to the point of need.

Complex Systems

Data-driven model of small-CHO molecules and transition metal catalytic 
systems based on machine learning
Chaoyi Chang, Andrew J. Medford
link
Molecular descriptors including descriptors by Mol2Vec (an unsupervised vector 
descriptor generation for chemical structures based on natural language processing) and 
by MCSH (electronic structure descriptor) are applied to biomass molecules, possible 
intermediates and other small-CHO structures on transition metal surfaces. We write a 
reversible algorithm to generate SMILES notation from trajectory file and trajectory file 
from SMILES notation. ~90,000 different structures are obtained for Mol2Vec training 
to get the vector descriptors. ~1,300 DFT calculations are done. For Mol2Vec, we use 
Hotbit to pre-optimize the adsorption geometry on Rh (111) surface and then put into 
DFT. Ordinary linear regression, PLS (partial least squares) and LDA (linear discriminant 
analysis) projection based on the reaction type classification results are implemented 
to do the regression on formation energies and a minimum MAE (mean absolute error) 
of ~0.4 eV for Rh could be achieved by both PLS. For MCSH descriptors, we are simply 
using a python package AMPTorch (a pytorch implementation on atomic machine 
learning project) to train the forces and energies. Our aim of using AMPtorch is to set 
up a pre-optimization workframe for all metals since Hotbit constraints itself to Rh and 
extend our Mol2Vec workflow to transition metals. We are testing AMPtorch on Au, Pt, Rh 
(211) surfaces. While the accuracy of forces and energies is in a trade-off condition, we 
can also reach a acceptable minimum of MAE for both forces and energies (~0.5 eV for 
systems) by optimizing the hyper-parameters of the neural nets.

Convergence Rate Analysis for Schemes of Relaxations in Decomposition 
Methods for Global Nonconvex Stochastic Optimization
Dillard Robertson, Joseph Scott
link
This presentation describes a framework for analyzing the convergence rate of convex 
relaxations used in decomposition-based global optimization techniques for nonconvex 
stochastic programs, and provides a detailed convergence analysis of two existing 
techniques.  Stochastic programming is a powerful framework for modeling decision-
making under uncertainty and is highly advantageous, e.g., in planning and process 
control, where much information is not known with certainty when decisions are made. 
However, for complicated (i.e. large nonconvex) models it is prohibitively expensive to 
find the best solutions to such models, at least by direct application of standard global 
optimization algorithms. As a result, there is significant interest in decomposition-based 
techniques that can transform a stochastic programming problem into a sequence of 
smaller problems that can be solved more efficiently and largely in parallel, while still 
providing a rigorous guarantee of finding the best solutions.
Decomposition algorithms work in part by having each of the sub-problems 
underestimate the goal. The closer an underestimate is to the real value of a function, the 
faster the problem can be solved. The closeness of an under-estimator can be expressed 

mathematically as a “convergence order”.
This talk/poster will present a new framework for assessing the performance of 
decomposition based global stochastic optimization methods by viewing them in terms 
of under-estimators of sub-problems using variables of the preliminary decisions and 
analyzing their convergence order. We will then use this framework to analyze the 
convergence rates of two decomposition methods  in detail. Our key findings indicate 
that existing decomposition methods are solved slowly due to fundamental problems 
with the way modern decomposition methods relax the master problem.

Energy and Sustainability

Adsorption Processes for Recovery of Hydroxy Acids from Kraft Black Liquor
Qiang Fu, Sankar Nair
link
Kraft black liquor (Kraft BL) is a complex multicomponent byproduct from wood pulping 
processes. Conventionally, it is first dewatered by evaporators and then combusted 
to recover the inorganic pulping chemicals and produce energy from the organic 
components. After lignin, hydroxy acids (HAs) are the second abundant class of organics 
in kraft BL (3-5 wt%), and comprise a potential biomass-derived feedstock of 30-50 
million tons/yr globally. HAs could be valorized either as a bioderived feedstock for 
chemical production, or further fractionated to produce specific high-value HAs from 
the mixture. However, both these routes require a viable process to separate the HAs 
from BL. We have developed an adsorption-based process to address this challenging 
issue. The kraft BL stream was first pretreated to remove lignin, either by membrane 
nanofiltration technology developed by prior GT work, or by lignin precipitation. To 
separate HAs from this “clarified” BL (that also contains a number of different inorganics 
and water), an organophilic granulated activated carbon (GAC) was identified as a 
promising adsorbent. We present comprehensive adsorption measurements and analysis 
to thoroughly characterize the adsorbent and develop a viable cyclic operation scheme 
for the adsorption process. We have successfully obtained concentrated aqueous HA 
mixtures (30-35 wt% HAs) with negligible amounts of inorganics and lignin, that should 
be well-suited for catalytic conversion to chemical products or further fractionation to 
recover specific high-value HAs.

Catalytic mechanisms of aqueous phase reforming: Site-sensitivity, solvent 
effects, and poisoning
Bryan Hare, Carsten Sievers
link
Hydrogen is an important commodity in the chemical industry and renewable alternative 
processes. Aqueous phase reforming (APR) is a catalytic process that can convert 
biomass-derived polyols (CxH2x+2Ox) and monosaccharides into H2 and CO2. However, 
the H2 yield rapidly decreases following the trend methanol ≈ ethylene glycol > glycerol 
> sorbitol > glucose. Maximized hydrogen yields are achieved through a particular 
sequence of reactions: dehydrogenation, decarbonylation, and the water-gas shift. 
Our objective is to isolate the surface chemistry of different phenomena occurring 
throughout APR to better understand this mechanism of oxygenate deconstruction. This 
includes determining active sites (i.e. terraces, edges, kinks) for constituent reactions, 
gauging the effects of H2O (solvation or inhibition), and identifying chemical poisons 
derived from undesired reactions involving C≥3 oxygenates. Surface chemistry on 
Pt/γ-Al2O3 was probed using infrared spectroscopy in high vacuum cells. Methanol was 
used to isolate the dehydrogenation reaction which resulted in a strong IR band within 
1900 – 2100 cm-1 representing linearly adsorbed carbon monoxide (COL). The time- and 
temperature-dependent features of the COL band (integrals, frequency, etc.) reveal a 

https://drive.google.com/file/d/1YFW2ym5JjKKEC6nxEXvjIhHesylWgTMR/view?usp=sharing
https://drive.google.com/file/d/1lVdECcmAdec4i6HsuahhojYS_5v8njtc/view?usp=sharing
https://drive.google.com/file/d/101PJCZcyDlPG7AUOjVtSuQA9l8sZeyCC/view?usp=sharing
https://drive.google.com/file/d/1jceoOsLHWzE1haT5G5OhvJnAHWgALmUm/view?usp=sharing
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kinetic preference for high coordinated Pt. Various ketones and diketones (α, β, γ) were 
used to isolate the decarbonylation reaction and mimic surface species we suspect to be 
responsible for decreased APR activity during C≥3 oxygenate conversion. The poisoning 
efficacy of these species was gauged by observation of the COL band during subsequent 
methanol dehydrogenation and the acquisition of adsorption isotherms using high 
performance liquid chromatography. Species such as 2,4 pentanedione and mesityl 
oxide appear to bind strongly to Pt particles and severely hinder subsequent methanol 
conversion. Density functional theory was used to calculate the binding energies and 
orientations of poisons on Pt(111) slabs in vacuum. Utilizing spectroscopic techniques to 
better understand the fundamentals of APR will guide improvements in catalyst designs 
and renewable H2 production from biomass.

Multiscale Computational Modeling of Nanostructure and Transport in 
Polymer Electrolyte Membrane Fuel Cells
Robin Lawler, Seung Soon Jang
link
Polymer electrolyte membrane fuel cells (PEMFCs) are predicted to revolutionize 
energy conversion; however, their low durability and high cost must be resolved in order 
to permit widespread adoption.  I employ a multitude of engineering concepts from 
catalysis/kinetics (radical scavenger design) to materials (polymer electrolyte membrane 
chemistry) to thermodynamics (membrane phase behavior) to multiphase transport 
(oxygen diffusion to the electrode) to design informative multiscale computational 
simulations which foster fundamental understanding and optimization of PEMFC design.

Investigation of methane activation over Ni/CexZr1-xO2 catalysts using in-situ 
FTIR spectroscopy
Yimeng Lyu, Carsten Sievers
link
Methane constitutes the major component of natural gas and is abundantly reserved in 
nature. However, a large fraction of methane resources is not sufficiently utilized due 
to difficulties in transportation and the economy of scale of methane steam reforming 
processes. Hence, it is highly desirable to develop efficient methods for methane 
valorization to products such as higher alkanes, oxygenates and aromatics. Our previous 
research had shown that NiO/Ce0.83Zr0.17O2 (NiO/CZ) catalysts are active for various 
methane valorization processes, such non-oxidative coupling, selective oxidation to 
methanol and dry reforming. To further improve the yield and selectivity towards desired 
products, it is crucial to understand the active sites of the catalyst and the surface 
reaction pathways. 
Using in-situ IR spectroscopy, the surface intermediate species formed during methane 
activation over NiO/CZ catalysts is monitored. Complex features in the IR band are 
observed from methane activation and are attributed to the formation of surface alkyl/
alkoxy, aldehyde, formate/carbonate, and aromatic species. Using a novel data analysis 
algorithm based on non-linear regression fitting, the evolution of different surface 
species is deconvoluted to elucidate the surface reaction pathways during methane 
activation. 
The evolution pattern of surface species can be divided into three stages. In initial fast 
growth of all surface species is explained by the high concentrations of accessible Lewis 
acid sites and the abundance of adsorbed surface oxygen on the fresh catalyst. Once the 
most active adsorbed surface oxygen was depleted, the rates of formation of all surface 
species decline. However, the less reactive oxygen species from the CZ produced alkoxy 
species (i.e., alcohol precursors) at a substantially higher selectivity than during this 
stage. Once these species were also depleted, accumulated of alkoxy and aldehyde 
species essentially stopped, whereas formates, carbonates and aromatics kept forming. 

The accumulation of aromatics species could block the active sites.

Optimization of Hybrid Catalysts for CO2 Conversion to Aromatics
Iman Nezam, Christopher W. Jones
link
The conversion of CO2 to value-added chemicals is a potential avenue for reducing 
industrial flue-gas emissions. US-based flue gas CO2 emissions are reported to be 
around 1,300 million metric tons per year.1 Aromatics, most notably benzene, toluene, 
and xylene (BTX), have a wide range of applications in industry, as the final-product 
or an intermediate reactant. The consumption rate of BTX was reported to be 100 
million metric tons in 2010, with a projected increase to 200 million tons in 2050.2, 3 A 
potential CO2-derived BTX production technology can fulfill the global BTX demand by 
only consuming the US-based CO2 emissions. The catalytic aromatization of CO2 via 
hydrogenation followed by acid catalysts has drawn attention in recent years. Metal 
oxide/ZSM-5 and Fe-based/ZSM-5 hybrid catalysts are the two prominent families of 
catalysts used for this reaction. The former provides higher aromatics selectivity among 
liquid products, making it more desirable for commercialization purposes.
The catalytic upgrading of flue-gas CO2 to aromatics using ZnZrOx/ZSM-5 catalyst is 
studied in this work. Several operational parameters such as temperature, flow rate, 
and feed composition were optimized for maximum aromatics selectivity. Furthermore, 
zeolite catalysts with different acid site densities, acid strengths, and zeolite crystal sizes 
were synthesized and investigated for this reaction. The results indicate that smaller 
zeolite crystal sizes with weak acid densities would optimize the aromatics selectivity. 
It is hypothesized that smaller zeolite particles reduce the diffusion path length, and 
therefore enhance the aromatics selectivity. Optimum results were obtained using a 
ZnZrOx/Al-ZSM-5 catalyst with a Si/Al ratio of 300-500 and crystal size of 300 nm, at 320 
oC, 4 MPa, 7,200 mL gcatalyst-1 h-1, providing aromatics selectivity of 44% at 7% CO2 
conversion.

An Assessment of IAST for Predicting Mixed Gas Adsorption in MOFs
Danny Shade, Krista Walton, David Sholl
link
The ability to understand and design separation systems for complex mixtures under 
various realistic conditions will be a turning point for the separations community and 
is a key to transforming separation science. Adsorption separation is an established 
technology and currently an active research area in separation science. However, to 
date its study has relied heavily on the Ideal Adsorbed Solution Theory (IAST) to predict 
mixture adsorption from pure component adsorption experiments while neglecting 
mixture adsorption experiments. Improving the ability to predict when mixture adsorption 
will deviate from IAST predictions is key to designing separation systems for complex 
mixtures. It has been noted that IAST predictions of gas mixture adsorption often 
diverge from reality for metal-organic framework (MOF) adsorbents, especially for 
gas mixtures containing molecules of different sizes or polarities. As MOFs continue 
to receive growing attention for gas separations applications, better understanding of 
mixture adsorption on MOFs becomes an increasingly apparent need. Understanding 
of mixture adsorption has persisted as a knowledge gap in separations largely because 
of the technically challenging nature of mixture adsorption measurement. Developing a 
better understanding of IAST requires measurement of mixture adsorption. This work is 
a study of how mixture adsorption on the MOFs UiO-66 and HKUST-1 compares to IAST 
predictions for binary mixtures of carbon dioxide, ethane, and n-butane.

https://drive.google.com/file/d/1sniy9NEslphnu9aEEoZhQbGXNxjrjkng/view?usp=sharing
https://drive.google.com/file/d/10Gs1W-u4Mlzs_7F50KaaI8TDQK5XQBPP/view?usp=sharing
https://drive.google.com/file/d/1u781TloI365H9qWgbgwz3j-gH2nNwoNa/view?usp=sharing
https://drive.google.com/file/d/100THlzaRgPBe67-P7Fhi1ARNg6Ypce0D/view?usp=sharing
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Materials and Nanotechnology

Fabrics with three dimensional wetting gradients for improved dewatering
Sumner Dudick, Victor Breedveld
link
Globally, the manufacture of paper products consumes 6.45 quadrillion BTU of energy 
each year (6% of total industrial consumption in 2005). An astounding 50% of this 
energy is expended in evaporative drying, an energy-intensive final step used to remove 
whatever water cannot be drained or mechanically pressed from the wet paper web. 
While recent strategies to increase in-nip press solids have approached the pressure-
controlled equilibrium regime (maximum dewatering), a significant opportunity remains 
in a current limitation of press fabrics. Currently, press felts used in the industry tend 
to reintroduce moisture – as much as 50% more than equilibrium – to the paper after 
pressing, compromising the efficiency of the process. 
Fabrics with three-dimensional wetting gradients are a promising option for 
improved paper machine press section dewatering through their enhanced control 
of water transport. In this work, plasma-assisted chemical vapor deposition with 
pentafluoroethane (PFE) is used to modify the wetting behavior of fibrous or filamented 
materials (e.g. papers, press felts, metal meshes). The controlled wetting performance 
of these treated porous structures is then characterized by measuring the critical entry 
pressure of strategically chosen probe liquids. Interestingly, the observed wetting 
behavior of these materials deviates significantly from that predicted by the cylindrical 
pore model, widely used in the literature to represent the effect of capillary forces. This 
study finds that the radius of the filaments that comprise the fiber mat, in addition to 
their spacing,  plays a key role in shaping the liquid’s curvature – and thus wetting ability. 
Using a model that accounts for this geometry, the experimental wetting behavior can be 
quantitatively predicted, suggesting that the hydrophobicity of surface treatment, surface 
roughness, fiber diameter and fiber spacing can be leveraged at will to control the water 
transport in a fabric or other fibrous material.

Evaluating Polymer Stabilizer Performance Using Molecular Descriptors and 
Machine Learning on a Small Dataset
Aaron Liu, Martha Grover, Carson Meredith, Elsa Reichmanis
link
Mining experimental data from the literature is an important exercise for informing 
future experimental studies, even if available data is sparse. However, extracting insights 
from small materials datasets, such as those within research papers and patents, is 
inherently challenging due to high complexity and dimensionality. This case study 
presents a situation where judicious molecular representation, feature importance, and 
physicochemical interpretation were integrated to extract machine learning insights 
on a small dataset. Here, experimental data from a single patent was analyzed to learn 
from the small molecule additives that were most effective in mitigating the degradation 
of poly(ethylene terephthalate) (PET). MACCS-166 and alvaDesc molecular descriptors 
were calculated for the dataset of 39 additive candidates to yield two sets of 166 
and 1875 different features, respectively. Performing k-means clustering using these 
molecular descriptors revealed evidence that performance differences were sensitive 
to variations in molecular structure. To pinpoint the features responsible for improved 
performance, a supervised reduced design region approach was applied to analyze 
descriptors both individually and in multiple dimensions to determine effectiveness in 
a binary classification of high and low performance. Not only were the most influential 
descriptors justifiable with respect to degradation chemistry, but also the selected 
features successfully trained random forest models with good cross validated 
performance. In comparing molecular descriptor approaches, we find that judicious 

interpretation of underlying physicochemical behavior is indispensable in validating the 
effectiveness of small data machine learning, especially for prioritizing experimental 
work toward a richer dataset.

Novel approaches towards pi-conjugated quaternary hybrids for bioelectronics
Marlow M. Durbin, Natalie Stingelin
link
Organic bioelectronics based on pi-conjugated polymers have attracted wide interest for 
their distinct advantages over traditional inorganic electronic materials. They promise 
realization of functional, soft organic materials that are mixed conducting (i.e., facilitating 
transport of electrons/holes and ions), while also allowing specific mechanical 
properties, making them ideal for applications as electrodes, transistors and biosensors. 
We present novel semiconducting quaternary hybrids consisting of pi-conjugated 
polymers and a poly(vinyl alcohol)/titanium hydrate hybrid, i.e., systems based on a 
commercially available polymer and inorganic precursors. Potential advantages of such 
hybrid materials include tunable mechanical, electronic, ionic and chemical properties via 
manipulation of crosslink density and composition. Relationships between quaternary 
hybrid structure and mechanical and electronic properties are outlined, enabling further 
understanding of this promising class of materials that may soon be translatable into 
biomedical applications interfacing with nervous and cardiac tissues.

Incorporating intrinsic flexibility effect into MOF adsorption properties 
simulation at a low computational cost
Zhenzi Yu, David Sholl
link
Computationally predicting the adsorption properties of Metal organic Frameworks 
(MOF) in a high throughput way has become a useful means of identifying promising 
materials for chemical separations. In almost all cases, high throughput simulations 
assume MOF structures are rigid for computational convenience. All MOFs, however, 
have intrinsic flexibility due to thermal vibration of atoms. Recent studies have suggested 
that this ubiquitous flexibility may have significant impacts on molecular adsorption in 
MOFs. Methods have been developed to predict the influence of this type of flexibility on 
MOF adsorption properties using Molecular Dynamics simulations, but these methods 
are computationally expensive and rely on the existence of reliable force fields. We 
will describe a method named ellipsoid method of estimating the impact of intrinsic 
flexibility on adsorption in MOFs that does not use any force fields. This method uses 
experimentally available thermal vibration parameters to provide information about local 
flexibility. We show how this information can be used to reliably assess whether atomic 
vibrations make a significant impact on molecular adsorption in MOFs using data from 
a variety of single component adsorbed at dilute and non-dilute conditions in a test set 
of CoRE MOF database. After validating the method, we further applied it to predict the 
intrinsic flexibility importance in anion-pillared MOFs and amorphous materials. Overall, 
this method creates a useful way to qualitatively estimate the influence of intrinsic 
flexibility at a low computational cost, which can be served as initial results for more 
dedicated research.

https://drive.google.com/file/d/1tI6XKB-XhmWjY8PZfBeXV2ZWBXW_JJn4/view?usp=sharing
https://drive.google.com/file/d/1FN1tgHZNE4VG0UChH1_KWPsOXz0K9eNk/view?usp=sharing
https://drive.google.com/file/d/10dpURju_cGSJBDiif1HPnSxq6wuOlrNE/view?usp=sharing
https://drive.google.com/file/d/1A7_UGla-syt9lSde1sEBt9u9QNo63I2z/view?usp=sharing
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Biotechnology

Engineered systems of inducible anti-repressors for the next generation of 
biological programming
Thomas Groseclose, Corey Wilson
Oral Session III (Biotechnology), 8:45 AM, Feb. 23rd
Traditionally-engineered genetic circuits have almost exclusively used naturally occurring 
transcriptional repressors. Recently, non-natural repressor transcription factors have 
been engineered and employed in synthetic biology with great success. However, 
transcriptional anti-repressors have largely been absent in engineered genetic circuits. 
Here, we present a workflow for engineering systems of non-natural anti-repressors. In 
this study, we create 41 inducible anti-repressors. This collection of transcription factors 
respond to two distinct ligands, fructose (anti-FruR) or D-ribose (anti-RbsR), and were 
complemented by 14 additional engineered anti-repressors that respond to the ligand 
isopropyl β-d-1-thiogalactopyranoside (anti-LacI). In turn, we use this collection of anti-
repressors and complementary genetic architectures to confer logical control over gene 
expression. Here, we achieved all NOT oriented logical controls (i.e., NOT, NOR, NAND, 
and XNOR). The engineered transcription factors and corresponding series, parallel, 
and series-parallel genetic architectures represent a nascent anti-repressor based 
transcriptional programming structure.

Engineering Protein Nanoparticle - Protein Corona Interactions to Mediate 
Biological Responses
Samantha Pustulka, Julie Champion
Oral Session III (Biotechnology), 9:00 AM, Feb. 23rd
Novel protein nanomaterials have been designed for a variety of therapeutic applications; 
however, challenges remain in translating these systems to the clinical setting. One 
challenge to overcome is the adsorption of biomolecules onto the nanomaterial’s 

surface. When nanomaterials are introduced into a physiological fluid the biomolecules 
within the fluid will adsorb onto the material’s surface creating a layer of protein, called 
the protein corona.  The identity of the protein corona can change the efficacy of and 
immune response to the biomaterial under physiological conditions. Although the protein 
corona has been well characterized for synthetic nanoparticles, such as gold and silica, 
there is limited insight of how a protein corona forms on newer protein-based systems. 
To address this limitation, we developed an approach to characterize the protein corona 
on model protein nanoparticles with varying surface charge and hydrophobicity using a 
combination of experimental and computational analyses. From this study, we further 
developed a therapeutic protein nanoparticle platform that effectively delivers an 
intracellular anti-inflammatory recombinant protein called AvrA. We demonstrated how 
this therapeutic nanoparticle can be used to increase the migration of inflamed fibroblast 
cells in a 2D scratch assay model. Finally, in response to the current pandemic, we 
engineered a pre-formed protein corona using the SARS-CoV-2 spike glycoprotein ACE2 
receptor binding domain to deliver AvrA to treat inflamed endothelial cells targeted by 
SARS-CoV-2. This work highlights why the protein corona should be understood on novel 
biomaterials and demonstrates how the protein corona can be utilized to enhance drug 
delivery.

Metal-Organic Frameworks for Vaccine Stabilization
Rohan Murty, Mark Prausnitz, Krista Walton
Oral Session III (Biotechnology), 9:15 AM, Feb. 23rd
The global share of vaccinated infants is nearly 90%, yet in the poorest 70 countries, 
less than 10% of 1-year-olds are fully vaccinated. This discrepancy is largely due to 
failures in the “cold chain,” which necessitates the uninterrupted refrigeration of vaccines 
from the moment of manufacture until administration. Failures in the cold chain result 
in significant vaccine losses globally, posing a humanitarian problem as well as an 
economic one: cold-chain logistics costs are estimated to reach $16.6B this year. 
One interdisciplinary solution to the cold chain problem relies on Metal-organic 
frameworks (MOFs)--a class of highly tunable porous materials. Recently, some groups 
have shown that encapsulating biological macromolecules (e.g. proteins and viruses) 
within a MOF scaffold can impart heightened stability to guest molecules far beyond 
ambient temperatures, perhaps enabling vaccine storage and transport without 
refrigeration. 
In this work, we report the synthesis and thermostability of MOF-encapsulated Tetanus 
Toxoid, which retains exceptional biological activity upon release from the framework 
after aging at 60°C for 4 weeks. Because the current literature focuses primarily on 
model guests of little clinical interest, our work represents an important contribution 
as it provides evidence of improved stability by MOF encapsulation on a clinically 
relevant (and never-before reported) guest protein. While this research is predominantly 
translational, we also employ crystallographic, spectroscopic, and scattering techniques 
to unveil the mechanism of stabilization, which appears to rely on tight confinement of 
the encapsulated guest molecules within MOF cavities.

Fueling a Mission from Mars
Nicholas Kruyer, Pamela Peralta-Yahya
Oral Session IV (Biotechnology), 10:30 AM, Feb. 23rd
Mission planning for future travel to Mars requires effective in situ resource utilization 
(ISRU) for production of critical mission support elements such as food, fuel and O2. 
ISRU reduces mission launch-payload size, which translates into reduction of mission 
cost by billions of dollars. Here, we explore the implementation of a biological process 
for production of rocket propellant to fuel the launch of a Mars ascent vehicle from the 
surface of Mars. Specifically, we propose 2,3-butanediol, commonly used in polymer 
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synthesis on Earth, as a potential Martian rocket propellant. Our process captures 
abundant Martian CO2 by using cyanobacteria to convert CO2 to simple sugars and 
other nutrients through photosynthesis. The sugars and nutrients can then be isolated 
from the cyanobacterial biomass and converted to 2,3-butanediol using an engineered, 
heterotrophic bacteria. Our process model concludes that with attainable improvements 
in cyanobacterial growth rate on Mars, yield of glucose from cyanobacterial biomass and 
yield of 2,3-butanediol from glucose, the process mass and power requirements for the 
biological process will be on par with requirements for the proposed electrochemical 
production of methane from CO2. Importantly, the proposed biological process produces 
~65 tons of excess O2 that could serve as a critical resource for mission life support or 
other ISRU operations.

Computational Pipeline for Quantification of Synapses in C. elegans’s 
Connectome
Keren Zhang, Hang Lu
Oral Session IV (Biotechnology), 10:45 AM, Feb. 23rd
The connectome of C. elegans is the first comprehensive map of synaptic connections 
for an organism. Studying C.elegans’s connectome is essential in understanding how 
neurons are connected structurally and how the connections are subject to change 
such as development. However, traditional methods of studying synapse mainly rely on 
manual scoring on a few samples, and thus lacking quantification and variability. With 
microfluidic chips and fluorescent microscopy, we acquired massive amount of data to 
quantify the synapses and include individual variation. we propose a machine learning-
based computational pipeline to extract the synapses’ quantitative phenotypes from 3D 
confocal fluorescent microscopy images. We use convolutional neural networks (UNet) 
to segment out region of interest (ROI), which is neurite of presynaptic and postsynaptic 
neurons that co-localize with synapses, and then we further segment out synapses and 
subsequently extract quantitative phenotypes. We demonstrate that this pipeline can 
capture synaptic difference between different gender and throughout development, 
as well as the distribution along neurite. We aim to apply this pipeline to multiple 
connections and study their roles in the connectome. 

Engineering immunogens to elicit broadly neutralizing antibodies
Steven Frey, Ravi Kane
Oral Session IV (Biotechnology), 11:00 AM, Feb. 23rd
A challenge in the development of an effective vaccine is the creation of an immunogen 
that elicits a broad immune response. This challenge stems from the variability of viral 
proteins across strains, such that it may be beneficial to direct the immune response 
to conserved antigenic sites.  Respiratory syncytial virus (RSV), for which there is 
currently no licensed vaccine, displays a fusion (F) protein that contains both variable 
and conserved regions.  This protein has an antigenic site called site Ø, which has 
been shown to elicit potent, neutralizing antibodies and has therefore been considered 
important in the formulation of an RSV vaccine.  However, this site is also the least 
conserved region on the F protein across RSV subtypes.  Therefore, we hypothesized 
that directing the immune response away from site Ø and refocusing it towards more 
conserved parts of the RSV F protein might serve to better elicit broadly neutralizing 
antibodies.  To demonstrate that directing the immune response away from site Ø is a 
viable approach, we have created an RSV F protein with inserted glycans that shield site 
Ø.  Sera from mice immunized with multivalent scaffolds presenting this immunogen 
were capable of neutralizing RSV of both subtypes.  This result suggests that site Ø 
is dispensable for immunogenicity and may ultimately help to inform the design of a 
broadly protective vaccine.

The Sweet Solution to Sensing: Repurposing Glucose Monitors to Detect 
Micronutrient Deficiency and Pathogenic Bacteria
Yan Zhang, Mark Styczynski
Oral Session IV (Biotechnology), 11:15 AM, Feb. 23rd
Portable and simple-to-use diagnostic systems that can reliably quantify analyte 
concentrations at the testing site have been long sought after. A pocket-sized personal 
glucose monitor (PGM) is perhaps the most successful example of such diagnostics, 
and previous works have successfully reprogrammed PGM to detect analytes other than 
blood glucose. Here, we aim to integrate synthetic biological circuits and Escherichia 
coli lysate-based cell-free protein expression system with PGM for analyte quantification 
at the point of need. We show that genetic circuits constructed by transcription- and 
translation-regulators can modulate reporter enzyme (β-galactosidase) production 
in the presence of a target, which in turn converts lactose substrate into glucose 
for PGM quantification. Because glycolysis is active in the crude lysate and readily 
depletes converted glucose, we decoupled enzyme production and glucose conversion 
to increase endpoint signal output. We further capitalized on this lysate metabolism 
for one-pot removal of endogenous glucose present in complex samples (like human 
serum) without impacting enzyme production and endpoint analyte quantification. 
Taken together, we show that integrating synthetic biology and cell-free system to PGM 
facilitates tailormade biosensor designs and extends the reach of PGM-mediated analyte 
quantification to the point of need.

Complex Systems

2-Stage Parameter Estimation of Mechanistic Differential Equations via Hybrid 
and Neural Differential Equations
William Bradley, Fani Boukouvala
Oral Session III (Complex Systems), 8:45 AM, Feb. 23rd
Model-building has long been an indispensable tool for understanding physio-chemical 
relationships predominant in (bio)chemical systems and for reducing experimentation.  
A common step in developing generalizable models is to fit unmeasured parameters 
to measured data.  However, many ‘direct’ nonlinear regression algorithms are 
computationally slow, rending the task intractable if sufficient knowledge of the 
parameters to be estimated is not available a priori.  In contrast, recently developed 
machine learning (ML) models have demonstrated the ability to rapidly fit complex 
data.  Despite this advantage, the low interpretability of ML models and large data 
requirement limits their ability to answer the fundamental questions that motivate model-
building.  To overcome these issues, this work proposes to use dynamic ML models for 
nonlinear fitting of interpretable mechanistic (i.e. physics-based) models.  Specifically, 
the parameter fitting problem is broken into a 2-stage, or ‘indirect’, approach wherein 
the data is 1) interpolated by a Neural ODE (NODE) model before 2) using the derivative 
estimates of the NODE model to accelerate the fitting of the mechanistic differential 
equations.  In this presentation, the robustness of the proposed approach will be 
demonstrated for several case studies across the spectrum of (bio)chemical process 
engineering.  The method is shown to be both accurate and accelerate regression even 
when knowledge of system parameters is limited and data is noisy, sparse and highly 
nonlinear.

Intensified Operation and Design of Pressure Swing Adsorption Processes
Taehun Kim, Joseph K. Scott
Oral Session III (Complex Systems), 9:00 AM, Feb. 23rd
In this oral presentation, we present a novel operation policy and a set of design rules for 
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a Skrastrom-type pressure swing adsorption (PSA) processes, which is a highly energy 
efficient gas separation process technology. PSA processes make use of difference in 
sorbate affinity on the surface of an adsorbent material at different pressure levels. To 
this date, scientists and engineers are continuously pioneering endless applications of 
PSA processes, such as natural gas upgrading, hydrogen purification, and carbon dioxide 
capture, just to name a few.
While PSA processes are increasingly getting noticed, there still exist practical 
hurdles coming from lack of generic ways to make operational and design decisions 
optimally for a given separation application. In practice, validations through pilot 
plants are only possible at the expense of much time and resources. Therefore, model-
based engineering is getting more attention as a potential solution to accelerate the 
deployment of practical PSA processes.
When it comes to modeling PSA processes, due to their inherent dynamic characteristics 
coming from saturation of adsorption sites, a rigorous first principle dynamic model is 
employed inside any modern PSA process simulators. However, it is still a formidable 
challenge for non-experts in PSA processes to make specifications of relevant 
operational and design input parameters. This necessitates a new modeling paradigm 
maximizing the utility of the model-based engineering through minimizing difficult 
decision-making procedures for operation and design of PSA processes.
To develop a new modeling paradigm, from equilibrium theory and using our procedure 
for estimating rate of adsorption of species inside a mass transfer zone, we propose a 
useful normalization constant for a feed volumetric flow rate. Subsequently, we present 
a control policy capable of making near-optimal operational decisions automatically. 
Finally, based on the identified dimensionless groups, a heuristic for specifying design 
parameters will be presented.

Spectral Decomposition and Quantification using Blind Source Separation – 
Regression Techniques: Application to Hanford Waste Processing
Stefani Kocevska, Martha Grover, Ronald Rousseau
Oral Session III (Complex Systems), 9:15 AM, Feb. 23rd
The clean-up efforts at Hanford have been complicated by the nature of the waste, which 
includes many radioactive and nonradioactive species. [1] The liquid low-activity waste 
will be processed and stabilized via vitrification, as part of the Direct-Feed Low-Activity 
Waste (DFLAW) initiative. In our research, we use in situ infrared (ATR-FTIR) and Raman 
spectroscopy to measure the composition of the liquid waste, which will facilitate 
continuous operation of the DFLAW melter.
The target DFLAW species that need to be quantified include nitrate and nitrite due 
to their prevalence in low-activity waste and sulfate which may corrode the melter 
components. [2] One of the main challenges in analyzing nuclear waste spectra is the 
presence of many additional species whose signals may overlap with that of the targets. 
To obtain accurate estimates of the concentrations of the target species, without 
performing lengthy calibration that span multiple levels of all the possible species, 
we developed a framework that couples Blind Source Separation (BSS) techniques 
with a standard calibration. The BSS preprocessing steps identify all the independent 
components (i.e. species) and remove the signals of the non-target species. Next, the 
preprocessed spectra are used to quantify the concentrations of the targets using a 
least-squares regression.
The BSS-regression framework was able to decompose the signals of complex mixtures 
and preprocess the data for simpler quantification of the target species. The framework 
was tested on simulated and experimental data. 

Exploring the uncertainty of temporal analysis of products (TAP) reactor 
experiments
Adam Yonge, Andrew J. Medford
Oral Session IV (Complex Systems), 10:30 AM, Feb. 23rd
Computational chemistry is widely used to obtain an intrinsic understanding of the 
kinetics of heterogeneous catalysis using a “bottom up” approach starting from an 
atomistic description. However, determining the atomistic configuration of the real 
active site can be challenging for complex materials. The temporal analysis of products 
(TAP) reactor system is a promising “top down” kinetic approach that is advantageous 
because it enables the extraction of intrinsic kinetic parameters from the direct, transient 
testing of a packed bed consisting of a complex catalytic material. Although determining 
a microkinetic model alone is valuable, information related to the uncertainty of fitted 
parameters is often just as insightful. Although interest is generally increasing in the 
catalysis community, limited research has been performed and few developments have 
been made in the quantification of uncertainty for TAP experiments. Here we outline 
approaches for understanding the uncertainty of parameters determined through TAP 
experiments. Algorithmic differentiation, a method to calculate accurate derivatives 
while avoiding the pitfalls of symbolic or numeric differentiation methods, is used to 
determine the confidence intervals through a Hessian based approach. The impact 
pulse intensity uncertainty (an initial condition of TAP experiments) can have on fitted 
parameters is outlined using sampling algorithms in the forward and inverse modes. 
Last, the dependence of kinetic parameter values and uncertainty on the selected initial 
conditions is explored. Altering these conditions can lead to the expression of varying 
elementary processes that would typically be unobservable within a single experiment 
and reduce kinetic parameter uncertainty. 

Data-driven model of small-CHO molecules and transition metal catalytic 
systems based on machine learning
Chaoyi Chang, Andrew J. Medford
Oral Session IV (Complex Systems), 10:45 AM, Feb. 23rd
Molecular descriptors including descriptors by Mol2Vec (an unsupervised vector 
descriptor generation for chemical structures based on natural language processing) and 
by MCSH (electronic structure descriptor) are applied to biomass molecules, possible 
intermediates and other small-CHO structures on transition metal surfaces. We write a 
reversible algorithm to generate SMILES notation from trajectory file and trajectory file 
from SMILES notation. ~90,000 different structures are obtained for Mol2Vec training 
to get the vector descriptors. ~1,300 DFT calculations are done. For Mol2Vec, we use 
Hotbit to pre-optimize the adsorption geometry on Rh (111) surface and then put into 
DFT. Ordinary linear regression, PLS (partial least squares) and LDA (linear discriminant 
analysis) projection based on the reaction type classification results are implemented 
to do the regression on formation energies and a minimum MAE (mean absolute error) 
of ~0.4 eV for Rh could be achieved by both PLS. For MCSH descriptors, we are simply 
using a python package AMPTorch (a pytorch implementation on atomic machine 
learning project) to train the forces and energies. Our aim of using AMPtorch is to set 
up a pre-optimization workframe for all metals since Hotbit constraints itself to Rh and 
extend our Mol2Vec workflow to transition metals. We are testing AMPtorch on Au, Pt, Rh 
(211) surfaces. While the accuracy of forces and energies is in a trade-off condition, we 
can also reach a acceptable minimum of MAE for both forces and energies (~0.5 eV for 
systems) by optimizing the hyper-parameters of the neural nets.
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Separation Of Organic Solvents Using Dual-Layer Hollow Fiber Mixed Matrix 
Membranes
Conrad Roos, Ryan Lively
Oral Session I, 9:45 AM, Feb. 22nd
Membrane-based organic solvent separations have the potential to reduce the energy 
and carbon footprint of existing and emerging processing industries. High-performance 
membranes will accelerate this transition especially if the membrane fabrication 
can be done in a scalable manner, to match the processing requirements across the 
full range of industries. This work includes a techno-economic analysis of a carbon 
molecular sieve hollow fiber membrane system for the separation xylene isomers. This 
analysis demonstrates that these carbon molecular sieve membranes are commercial 
adsorption processes on a cost basis. Adoption of carbon molecular sieve membranes 
is limited by additional manufacturing steps during their fabrication. This work seeks 
to address this issue by creating selective mixed matrix membranes in a hollow fiber 
format, retaining the scalability and operational benefits of the hollow fiber morphology. 
Mixed matrix membranes eliminate the additional manufacturing steps necessary for 
carbon molecular sieve membranes, and therefore provide lower cost membranes. 
A combination of the MOF UiO-66 and Matrimid® were used to create membranes 
with different UiO-66 volume fractions. The performance of these membranes was 
tested using an organic solvent mixture of toluene and triisopropylbenzene. The 
addition of UiO-66 boosted the membrane’s permeance while retaining its rejection of 
triisopropylbenzene. This work demonstrates the successful dual-layer fabrication and 
post-treatment of mixed matrix hollow fiber membranes for organic solvent reverse 
osmosis applications. 

Investigating the Water Stability of Metal-Organic Frameworks for Atmospheric 
Water Harvesting
Carmen Chen, Krista S. Walton
Oral Session II, 2:45 PM, Feb. 22nd
Due to increasing depletion of freshwater sources, water shortages—especially in arid 
regions—are expected to worsen. To overcome this limitation, water can be extracted 
from the atmosphere using sorbent materials, like zeolites and silica gels. However, 
these sorbent materials have either low water capacities or high regeneration costs. 
Alternative water vapor adsorbents include metal-organic frameworks (MOFs). 
Unfortunately, many MOFs are deemed unsuitable for industrial applications due to their 
instability in water vapor. To better understand MOF stability, the degradation of two 
MOFs, DMOF-1 and UiO-67, in water vapor was investigated. Correlations between the 
amount of water vapor adsorbed by the frameworks as well as their ensuing retained 
surface area and crystallinity were determined through BET surface area measurements, 
water vapor adsorption, and powder X-ray diffraction. As the quantity of water vapor 
adsorbed by DMOF-1 and UiO-67 increased, degradation from hydrolysis of the MOFs 
worsened. Interestingly, it was noted that at a higher adsorption temperature, DMOF-1 
was stable up to 80% relative humidity. However, additional NVT Monte Carlo simulations 
indicated that water molecules cluster in the same way regardless of temperature. This 
suggests that DMOF-1 is stable at higher temperatures due to the lower adsorption 
loading; subsequently, clusters are less likely to form, reducing degradation. This work 
has also highlighted the need for an efficient way to predict water stability of MOFs as 
experimental water stability tests are time-consuming. Thus, machine learning models 
for prediction of water stability of MOFs were developed using a dataset of 207 MOFs. 
The models were used to predict the water stability of 10 MOFs not in the original 
dataset.  

Investigation of methane activation over Ni/CexZr1-xO2 catalysts using in-situ 
FTIR spectroscopy
Yimeng Lyu, Carsten Sievers
Oral Session II, 3:00 PM, Feb. 22nd
Methane constitutes the major component of natural gas and is abundantly reserved in 
nature. However, a large fraction of methane resources is not sufficiently utilized due 
to difficulties in transportation and the economy of scale of methane steam reforming 
processes. Hence, it is highly desirable to develop efficient methods for methane 
valorization to products such as higher alkanes, oxygenates and aromatics. Our previous 
research had shown that NiO/Ce0.83Zr0.17O2 (NiO/CZ) catalysts are active for various 
methane valorization processes, such non-oxidative coupling, selective oxidation to 
methanol and dry reforming. To further improve the yield and selectivity towards desired 
products, it is crucial to understand the active sites of the catalyst and the surface 
reaction pathways. 
Using in-situ IR spectroscopy, the surface intermediate species formed during methane 
activation over NiO/CZ catalysts is monitored. Complex features in the IR band are 
observed from methane activation and are attributed to the formation of surface alkyl/
alkoxy, aldehyde, formate/carbonate, and aromatic species. Using a novel data analysis 
algorithm based on non-linear regression fitting, the evolution of different surface 
species is deconvoluted to elucidate the surface reaction pathways during methane 
activation. 
The evolution pattern of surface species can be divided into three stages. In initial fast 
growth of all surface species is explained by the high concentrations of accessible Lewis 
acid sites and the abundance of adsorbed surface oxygen on the fresh catalyst. Once the 
most active adsorbed surface oxygen was depleted, the rates of formation of all surface 
species decline. However, the less reactive oxygen species from the CZ produced alkoxy 
species (i.e., alcohol precursors) at a substantially higher selectivity than during this 
stage. Once these species were also depleted, accumulated of alkoxy and aldehyde 
species essentially stopped, whereas formates, carbonates and aromatics kept forming. 
The accumulation of aromatics species could block the active sites.

Multiscale Computational Modeling of Nanostructure and Transport in 
Polymer Electrolyte Membrane Fuel Cells
Robin Lawler, Seung Soon Jang
Oral Session II, 3:15 PM, Feb. 22nd
Polymer electrolyte membrane fuel cells (PEMFCs) are predicted to revolutionize 
energy conversion; however, their low durability and high cost must be resolved in order 
to permit widespread adoption.  I employ a multitude of engineering concepts from 
catalysis/kinetics (radical scavenger design) to materials (polymer electrolyte membrane 
chemistry) to thermodynamics (membrane phase behavior) to multiphase transport 
(oxygen diffusion to the electrode) to design informative multiscale computational 
simulations which foster fundamental understanding and optimization of PEMFC design.

Modeling Proton Exchange Membrane Fuel Cell Cathode Catalyst Layer 
Hysteresis with the Lattice-Boltzmann Method
Jonathan Grunewald, Tom Fuller
Oral Session II, 3:30 PM, Feb. 22nd
A Lattice-Boltzmann-Method (LBM) model for measuring hysteresis in a proton 
exchange membrane (PEMFC) electrode is presented.  One of the main challenges 
hindering study of the cathode catalyst layer (CCL) in PEMFCs is the lack of 
understanding of two-phase transport and how it affects electrochemical performance.  
Researchers have typically used high level approximations that oversimplify the 
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microstructure of the CCL—these are known as macrohomogenous models.  However, as 
the field has progressed, these idealizations have begun to show their flaws, especially 
in areas of improving our understanding of flooding as well as catalyst layer hysteresis.  
Previously, the microstructure details needed to build an accurate mesoscale model 
have eluded researchers; however, with advances in tomography and focused-ion-beam 
scanning-electron-microscopy (FIB-SEM), creating these representations has become 
possible.  Mesoscale modeling in the CCL has been traditionally approached through 
either LBM or electrochemistry coupled Direct-Numerical-Simulation (DNS).  These 
models have been underutilized in the fuel cell community due to their complexity and 
resource intensiveness; however, with advances in parallel computing, this has become a 
possibility.  With these new advances, one can craft a model utilizing the local geometry 
to understand two-phase flow.  This model is used to elucidate the process of catalyst 
layer hysteresis from filling curves to study liquid removal.  Based on this, we ascertain 
that at lower capillary numbers, the liquid begins to undergo capillary fingering, which 
when the liquid is removed, are only removed effectively at capillary pressures above 5 
MPa.  Because of this, the prediction is that because high capillary pressures are needed 
to remove liquid from the catalyst layer, wicking will not be very effective.

An Assessment of IAST for Predicting Mixed Gas Adsorption in MOFs
Danny Shade, Krista Walton, David Sholl
Oral Session II, 4:00 PM, Feb. 22nd
The ability to understand and design separation systems for complex mixtures under 
various realistic conditions will be a turning point for the separations community and 
is a key to transforming separation science. Adsorption separation is an established 
technology and currently an active research area in separation science. However, to 
date its study has relied heavily on the Ideal Adsorbed Solution Theory (IAST) to predict 
mixture adsorption from pure component adsorption experiments while neglecting 
mixture adsorption experiments. Improving the ability to predict when mixture adsorption 
will deviate from IAST predictions is key to designing separation systems for complex 
mixtures. It has been noted that IAST predictions of gas mixture adsorption often 
diverge from reality for metal-organic framework (MOF) adsorbents, especially for 
gas mixtures containing molecules of different sizes or polarities. As MOFs continue 
to receive growing attention for gas separations applications, better understanding of 
mixture adsorption on MOFs becomes an increasingly apparent need. Understanding 
of mixture adsorption has persisted as a knowledge gap in separations largely because 
of the technically challenging nature of mixture adsorption measurement. Developing a 
better understanding of IAST requires measurement of mixture adsorption. This work is 
a study of how mixture adsorption on the MOFs UiO-66 and HKUST-1 compares to IAST 
predictions for binary mixtures of carbon dioxide, ethane, and n-butane.

Optimization of Hybrid Catalysts for CO2 Conversion to Aromatics
Iman Nezam, Christopher W. Jones
Oral Session II, 4:15 PM, Feb. 22nd
The conversion of CO2 to value-added chemicals is a potential avenue for reducing 
industrial flue-gas emissions. US-based flue gas CO2 emissions are reported to be 
around 1,300 million metric tons per year.1 Aromatics, most notably benzene, toluene, 
and xylene (BTX), have a wide range of applications in industry, as the final-product 
or an intermediate reactant. The consumption rate of BTX was reported to be 100 
million metric tons in 2010, with a projected increase to 200 million tons in 2050.2, 3 A 
potential CO2-derived BTX production technology can fulfill the global BTX demand by 
only consuming the US-based CO2 emissions. The catalytic aromatization of CO2 via 
hydrogenation followed by acid catalysts has drawn attention in recent years. Metal 
oxide/ZSM-5 and Fe-based/ZSM-5 hybrid catalysts are the two prominent families of 
catalysts used for this reaction. The former provides higher aromatics selectivity among 

liquid products, making it more desirable for commercialization purposes.
The catalytic upgrading of flue-gas CO2 to aromatics using ZnZrOx/ZSM-5 catalyst is 
studied in this work. Several operational parameters such as temperature, flow rate, 
and feed composition were optimized for maximum aromatics selectivity. Furthermore, 
zeolite catalysts with different acid site densities, acid strengths, and zeolite crystal sizes 
were synthesized and investigated for this reaction. The results indicate that smaller 
zeolite crystal sizes with weak acid densities would optimize the aromatics selectivity. 
It is hypothesized that smaller zeolite particles reduce the diffusion path length, and 
therefore enhance the aromatics selectivity. Optimum results were obtained using a 
ZnZrOx/Al-ZSM-5 catalyst with a Si/Al ratio of 300-500 and crystal size of 300 nm, at 320 
oC, 4 MPa, 7,200 mL gcatalyst-1 h-1, providing aromatics selectivity of 44% at 7% CO2 
conversion.

Crosslinking of Matrimid-Porous Organic Cage Molecularly Mixed Composite 
Membranes Using Cycloaddition Click Chemistry
Matthew Rivera, Ryan Lively
Oral Session II, 4:30 PM, Feb. 22nd
Individual molecules with intrinsic porosity, like amorphous scrambled porous organic 
cages (ASPOCs), have the potential to “change the game” when it comes to creating 
composite and hybrid materials. A particularly exciting potential application is to 
incorporate these materials into polymeric membranes to form molecularly mixed 
composite membranes (MMCMs). Since ASPOCs are individual molecules instead of 
continuous 3-dimensional structures like metal-organic frameworks or zeolites, they 
should be able to form a “solid solution” with the ASPOC uniformly dispersed throughout 
the membrane at a molecular level. This molecular-level mixing overcomes many of 
the performance/processing issues encountered with other composite materials. Due 
to small window sizes, ASPOCs should be able to distinguish between aggressive, 
small molecule organic solvents effectively. Crosslinked polyimides like Matrimid® 
are also thought to be appropriate for this application due to high chemical stability. 
Unfortunately, the normal diamine crosslinking process for polyimides would cause 
the degradation of the ASPOC molecules since they are bound by relatively weak imine 
bonds. Here we propose an alternative method of crosslinking Matrimid® in MMCMs 
using “click” chemistry, specifically the Huisgen azide-alkyne cycloaddition reaction. 
Importantly, the reaction does not involve species that will degrade the ASPOC. To test 
MMCM separation performance, we fabricate thin film composite membranes and test 
them in a crossflow permeation system with standard styrene oligomers dissolved 
in a variety of organic solvents. We find that the presence of ASPOC increases both 
permeance and styrene dimer separation factor up to a loading of 20 wt%. Even in THF, 
known to dissolve uncrosslinked Matrimid, we measure permeances of 0.96 LMHBar and 
a dimer separation factor of 27.5 at 10 wt% ASPOC loading. The crosslinked MMCMs 
are also able to distinguish between toluene and triisopropylbenzene, suggesting their 
suitability for solvent-solvent class separations. 

Cooperative catalysis using bifunctional mesoporous silica poly(styrene) 
composites in acid-base Aldol condensation reactions
Jacob W. Cleveland,  Christopher W. Jones
Oral Session II, 4:45 PM, Feb. 22nd
Organocatalysts are metal-free molecules capable of catalyzing complex C-C bond 
forming reactions. Support of organocatalysts has seen wide support and significant 
improvement over the last several decades particularly for the purposes of performing 
cascade and cooperative reactions. Catalysts capable of Knoevenagel condensations, 
asymmetric Aldol and Diels-Alder reactions, such as L-proline, 4-dimethylaminopyridine, 
and Macmillan’s imidazolidinone, have found their way into reusable heterogeneous 
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supports such as polymers and mesoporous silicas. Cascade reactions are those 
where multiple catalysts work separately, sometimes on the same support, to catalyze 
sequential reactions. Cooperative are those where two or more catalysts function on the 
same starting materials or intermediates to further reduce the activation energy of the 
transformation compared to use of a single catalyst.
Amine functionalized mesoporous silica has gathered much attention due to the 
cooperative ability of the Lewis basic amine in conjunction with surface silanols to 
catalyze the Aldol condensation of 4-nitrobenzaldehyde with acetone. More recently, 
oxidized cellulose nanocrystal organocatalysts have shown improvement over the former 
due to ordered structure of Lewis amine bases and weak Bronsted carboxylic acids. 
This work attempts to make improvements by instead of grafting amines to the support, 
it explores the role of amine flexibility within the material by supporting the Lewis base 
on the backbone of poly(styrene) derivatives. Styrene and (4-vinylphenyl)methanamine 
atom transfer radical polymerization (ATRP) synthesized copolymers are tethered 
inside the pores of MCM-41 via and olefin end-group using thiol-ene ‘click’ chemistry. 
Polymer molecular weight and composition are tuned in order to study the cooperatively 
catalyzed Aldol condensation of 4-nitrobenzyaldehyde with acetone. 

Materials and Nanotechnology

How Does Bromide Affect the Electrocatalytic Activity of Pd Nanocubes 
toward Formic Acid Oxidation?
Yifeng Shi, Younan Xia
Oral Session I, 9:00 AM, Feb. 22nd
Direct formic acid fuel cells (DFAFCs) have been proposed as a power source for 
portable electronic devices. The efficiency of the anode reaction–formic acid oxidation 
(FAO)–plays a key role in determining the overall performance of such a cell. Palladium 
is considered the most effective catalyst toward FAO due to the reduced generation of 
CO, a species poisoning for the catalyst. Single-crystal studies have established that 
Pd(100) surface exhibits the best performance among all the low-index facets, leading 
to the development of Pd nanocubes (also covered by {100} facets) as the most active 
catalyst toward FAO. However, the synthesis of Pd nanocubes involves the use of Br− 
ions as a selective agent toward Pd{100} facets. The presence of Br− tends to block the 
active sites and even change the electronic structure of the surface. Here we report a 
robust method for effectively removing the chemisorbed Br− ions from the surface of 
Pd nanocubes to maximize their FAO activity. The Br− ions can be removed by simply 
heating the sample in water, but the desorption of Br− ions will expose the underneath 
Pd atoms to the O2 from air for the formation of a relatively thick oxide layer. During 
potential cycling, the oxide layer evolves into detrimental features such as steps and 
terraces. By introducing a trace amount of hydrazine into the system, the Br− ions can be 
removed by heating without forming a thick oxide layer. The as-cleaned nanocubes show 
greatly enhanced activity toward FAO. This cleaning method can also remove Br− ions 
from Rh nanocubes and it is expected to work for other combinations of nanocrystals 
and capping agents.

Gelation in Capillary Foam and its influence on Foam Dynamics
Omotola Okesanjo, Carson Meredith, Sven Behrens
Oral Session I, 9:15 AM, Feb. 22nd
Aqueous foams appear in a variety of products and processes that span the cosmetics, 
food, material processing and energy industries. The versatile applicability of foams 
is a result of their viscous and elastic properties which, for example, are exploited in 
drilling fluids in enhanced oil recovery because their high viscosity. Recently, a new 
class of foams known as capillary foams were discovered. The unique architecture of 

these foams, containing oil-coated bubbles and a gelled network of oil-bridged particles 
offers a new mechanism of foam stabilization that facilitates long term stability, and also 
provides additional degrees of control on the foam properties that can be exploited in 
various applications. Understanding the dynamic properties of foams is very important 
to the effective application of foams in different processes. It is therefore necessary to 
probe how the new foam architecture in capillary foams affects foam dynamics, and also 
examine the deviation in dynamic properties between capillary and traditional foams.
In this work, we discuss on how structure and rheology affect the mechanics of capillary 
foams flowing in tubes. Foam flow experiments are conducted in capillary tubes and 
imaged via light microscopy. We interpret the foam flow observations in light of insights 
from studying the aging behavior and rheological properties of capillary foams, such as 
yield stress and elasticity. Our results show that the particle network in capillary foams 
significantly influences not only foaming but also dictates the rheology and stability of 
the capillary foams under flow. Lastly, we discuss some of the potential implications 
of the observed properties of capillary foams and how capillary foams can be tuned in 
processes and formulations.

Understanding the Impact of Polymer Chain Rigidity on the Assembly, 
Structure, and Photo-Physical Processes
Alex Balzer, Natalie Stingelin
Oral Session I, 9:30 AM, Feb. 22nd
The field of polymer-based electronics has witnessed major developments in the past 
few years that have led to systems of vastly improved charge transport- and energy-
harvesting properties. This progress can be predominantly attributed to synthetic 
efforts in the form of the creation of new materials, which often comprise backbones 
of a significantly more rigid nature than the first generation polymer semiconductors 
and most bulk commodity plastic. Moreover, many semiconducting polymer frequently 
lack significant long-range order, but it is hypothesized that they may exhibit liquid-
crystalline-like behavior because of their hairy-rod nature. To understand the polymer 
phase behavior, how it relates to chemical design and how it dictates important 
optoelectronic features, we use fast scanning calorimetry to identify the glass transition 
and possible liquid-crystalline-like transitions, as well as side-chain softening regimes, 
using physical aging signatures and focusing on poly(indacenodithiophene)s and other 
next-generation semiconducting polymers. By pairing the thermodynamic data with 2D 
coherent excitation spectroscopy, we can relate information of the very local polymer 
order (backbone torsion, structural dynamics introduced by side-chain softening) on 
exciton coherence and charge transport properties. This approach allows us to gain 
insights on the role of polymer assembly and solid-state structure on energetic disorder 
and photophysical characteristics towards the delivery of important structure-property 
interrelations for design of fourth generation semiconducting plastics for organic solar 
cells, plastic electronics, wearable sensors, and beyond.
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