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Reflections of a GT Alumni in the Energy Industry
Speaker: Dhaval Bhandari, Energy Professional, Houston, TX

It’s been more than a decade since Dhaval graduated with his PhD from Georgia Tech. 
As the symposium co-chair in 2008, he had the opportunity to see first-hand how the 
platform sparked new ideas and created collaboration and recruiting opportunities. It 
also played a key role in his decision to pursue an industrial career.  
The first part of his talk takes a look back, reflecting on his 12+ years in the energy 
industry. The second half of the talk takes a look forward, on how the energy industry 
can play a pivotal role in shaping society’s transition to lower carbon emissions and 
advancing sustainable solutions.

KEYNOTE ADDRESS: DHAVAL BHANDARI
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The PDFs of all posters are available here. 

Biotechnology

Development of a diversifying base editor in Saccharomyces cerevisiae for 
rapid antibody enhancement and selection
Andrew Cazier, John Blazeck
Developing high-affinity, therapeutic antibodies currently includes many laborious 
molecular cloning steps. Yeast display using Saccharomyces cerevisiae is frequently 
employed to screen antibody candidates, but a diverse library must first be generated 
and transferred into yeast. Thus, we are building a yeast-based platform that is capable 
of generating antibody libraries in situ by mimicking processes found in human antibody 
diversification. In B cells, antibodies are refined and improved by altering DNA sequences 
through somatic hypermutation, carried out by activation-induced cytidine deaminase 
(AID). We have sought to recapitulate somatic hypermutation using the first CRISPR-
based, diversifying base editor to be expressed in yeast. This system creates intense, 
localized mutations on a targeted gene while minimizing off-target effects. In our base 
editor, a nuclease-dead Cas9 protein is integrated along with AID fused to MS2 coat 
protein (MCP). A CRISPR guide RNA (gRNA), with embedded MS2 aptamers which recruit 
the MCP-AID fusion to the targeted locus, is also included. We will highlight results from 
fluorescence-based, mutational assays that have allowed us to estimate the rate and 
breadth of mutations produced by the base editor. Furthermore, we will describe recent 
efforts to improve the capability of this platform, emphasizing three domains. First, 
we have developed human AID mutants with improved mutation rates relative to the 
native sequence. Second, we have further enhanced the base editor activity through the 
addition of a ssDNA-binding protein to the MCP-AID fusion. Third, we have optimized the 
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mutation rate by creating gRNA variants with altered MS2 aptamer positions. Finally, we 
will describe ongoing experiments which combine the base editor with yeast display to 
rapidly enhance and isolate an antibody sequence.

Engineering Metabolically Armored T cell Therapies for Solid Tumor 
Translation
John Cox, John Blazeck
Altered metabolism is a hallmark of cancer that directly inhibits antitumor immunity and 
the translation of engineered T cell therapies to solid tumor cancers. In particular, the 
immunosuppressive metabolite adenosine accumulates in the tumor microenvironment 
(TME) at concentrations 100-fold that of healthy tissues. Adenosine accumulation 
strongly inhibits T cell activation, proliferation, and effector function. Interestingly, 
adenosine deaminase (ADA) enzymes are capable of degrading adenosine into benign 
and readily cleared metabolites. We hypothesize that T cells that have been engineered 
to express and secrete ADA enzymes would be ‘armored’ to resist adenosine-mediated 
immunosuppression. Therefore, we sought to complete proof-of-concept studies that 
demonstrate that it is feasible to engineer T cell therapies capable of delivering ADA 
protein to the tumor microenvironment.  There exists two ADA isoforms, one that is 
intracellularly restricted (ADA1) and one that is secreted (ADA2). We’ve engineered 
HEK293T and Jurkat T cells with ADA enzymes and mutants thereof to assess their 
level protein production and enzyme activity in lysates and supernatants. Using kinetic 
assays and western blot, we confirmed that ADA1 is largely intracellularly restricted, 
making ADA2 the pertinent protein for T cell therapy applications. So, we constructed 
and screened an enzyme library to mutate active site residues in the protein. The isolated 
variants substantially improved the KM, which resulted in a ~30-fold activity increase of 
the enzyme at micromolar adenosine concentrations. Finally, we are working to impart 
cellular control over enzyme expression, through the construction of synthetic promoters 
that are activated by adenosine cell signaling programs. Collectively, this work interfaces 
cellular and protein engineering simultaneously to demonstrate the first ever attempt 
at engineering improved T cell therapies that intelligibly degrade immunosuppressive 
metabolites. These improvements will serve to facilitate the translation of T cell 
therapies to the solid tumor microenvironment. 

Towards inferring absolute concentrations from relative abundances in 
metabolomics data
Yue Han, Mark Styczynski
Metabolic engineering involves modulation of metabolic pathways in cells to 
overproduce valuable chemicals that can be too energy-intensive or cumbersome to 
produce in traditional chemical plants. However, due to the high interconnectivity of 
cellular metabolism, it is often difficult to rationally identify an optimal set of genetic 
modifications in metabolic engineering. Development of accurate, meaningful, and 
efficient computational models enables experiments to be performed in silico to 
identify optimal modifications instead of at the bench, saving substantial time, effort, 
and resources. One challenge towards building such models lies in quantification of 
cellular metabolites. Analytical chemistry techniques used for metabolomics such 
as liquid and gas chromatography-mass spectrometry (LC/GC-MS) provide relative 
abundances of metabolites, which do not allow fully quantitative analysis across 
samples and experiments. Although chemical standards can be used to quantify a few 
metabolites at a time, they can be costly or infeasible to scale to many metabolites, 
or even unavailable for some. As a result, a computational method for determining 
absolute concentrations without the use of chemical standards would be beneficial to 
the metabolomics community.   Our group is developing Metabolomics Prediction of 
Absolute Concentrations (MetaboPAC), a tool for inferring absolute concentrations from 
relative abundance metabolomics data for cellular metabolism. MetaboPAC attempts to 
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avoid the need for chemical standards by leveraging the mass balances of a metabolic 
system and any known kinetic reaction equations to determine the most biologically 
likely metabolic profiles. We have demonstrated that MetaboPAC can infer absolute 
concentrations with high accuracy for systems with known kinetics, and we are pursuing 
improvement in prediction accuracy for systems without a priori kinetics information. 

The Interplay among Force, Focal Adhesions and YAP
Elijah Holland, Andres Garcia
The body experiences a variety of mechanical forces in day-to-day function, from the 
shear stress of blood flow to compressive and tensile loads present in bone. These 
mechanical loads direct important biological functions from complex tissue architecture 
to one’s sense of touch and hearing. Aberrant mechanical cues disrupt this delicate 
homeostasis and can lead to pathologies such as osteoporosis or fibrosis. Mechanical 
homeostasis is maintained on the cellular level, where dynamic cell-cell and cell-
ECM (extracellular matrix) interactions modulate tissue-level processes (contractility, 
regeneration, and morphogenesis) through regulating cellular processes (adhesion, 
motility, proliferation, and differentiation). Adhesive interactions are the primary 
mechanism cells convert ECM cues into cellular processes. Focal adhesions (FAs), 
clusters of structural and signaling proteins, function as principal sites for force transfer 
and mechanotransduction. While 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 implicate FAs to Yes 
Associated Protein (YAP), a transcriptional coactivator, which turns physical inputs, such 
as substrate 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 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 through FAK, which modulate YAP 
activity through their quantity and spatial integration. 

Targeting adenosine as an immunotherapeutic strategy for cancer
Maria Jennings, John Blazeck
Adenosine is a small molecule that counteracts inflammation. Under normal conditions, 
adenosine calms immune cells to allow healing following trauma or infection. Yet 
unlike normal cells, cancer cells generate abnormally high levels of adenosine that 
keep immune cells from destroying them. Additionally, the inflamed tumor landscape 
supports increased expression of adenosine receptors on both cancer and immune cells. 
In tumors, high adenosine concentrations coupled with increased adenosine receptor 
density result in the following: 1) suppressed immune cells are unable to attack tumors, 
and 2) adenosine signaling encourages cancer cells to make more adenosine. I report the 
development of a human enzyme, Homo sapiens adenosine deaminase I (HsADA1), to 
reduce adenosine concentrations in tumors. HsADA1 degrades adenosine so efficiently 
that the process is limited by how quickly adenosine can diffuse into the enzyme 
rather than the enzyme’s ability to act upon it. When administered to mice with tumors, 
HsADA1 slows tumor growth and extends the lifespan of treated mice relative to mice 
provided placebo. Following resolution of HsADA1’s structure, we mutated the enzyme 
for enhanced stability at conditions like those in the body. I will further discuss ongoing 
efforts to better HsADA1 functionality as a cancer therapeutic and the subsequent 
impact on tumor mouse models. From a 30,000-foot view, I intend to demonstrate the 
efficacy of adenosine depletion as a therapeutic strategy for the treatment of solid 
cancers through my work with HsADA1.
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Light-controlled protein networks for artificial cytoskeletons in synthetic cells
Xiangting Lei, Saad Bhamla
The cytoskeleton of a cell controls its shape changes and motility. Thus, bottom-up 
construction of a modular synthetic cytoskeleton will advance our understanding of 
cytoskeleton mechanics and synthetic cell applications. Here, we explore the potential 
of Tcb2 protein networks from Tetrahymena as a controllable cytoskeleton in giant 
unilamellar vesicles (GUVs). We use photosensitive ion chelators (DMNP-EDTA) to trigger 
Ca2+ release in response to 360 nm UV light. We find that Tcb2 forms force-generating 
contractile networks that can actuate reversibly for over 20 times in minutes. These 
forces can be utilized to displace GUVs as an example of organelle movement. We 
discuss how the network forces can be enhanced through Tcb2 binding proteins such 
as Epc1 and Fen1, and also how these protein networks can be anchored to different 
cytoskeletal proteins, to move closer to functional cytoskeletons in artificial cells.

CSP-based malaria vaccine
Geetanjali Pendyala, Ravi Kane
99% of malaria cases are caused by a parasitic protozoan species called Plasmodium 
falciparum. Studies have shown that about half of the world’s population is at risk from 
malaria. To date, only one vaccine – RTS,S/AS01 – has reached phase III of human 
clinical trials against malaria. Unfortunately, the immune response to this vaccine 
is short-lived with an initial efficacy of 30-50 % that wanes over time. We propose to 
develop an improved vaccine for malaria using an antigen based on the Circumsporozoite 
(CSP) envelope protein that densely covers the sporozoite stage in the malaria parasite 
cycle. We hypothesize that by including a peptide sequence based on recent studies, 
we can achieve a better elicitation of immunogenic response as compared to the RTS,S 
vaccine. We then propose to display the antigen multivalently to further enhance its 
immunogenicity. 

Harnessing Escherichia coli’s native ascorbate utilization machinery toward 
detection of vitamin C (ascorbate) deficiency
Fernanda Piorino Macruz De Oliveira, Mark Styczynski
Vitamin C (ascorbate) deficiency is a global public health issue most prevalent in regions 
that lack the appropriate resources for testing and diagnosis. The high incidence of 
ascorbate deficiency in resource-limited settings creates a need for an inexpensive, 
equipment-free, and fast-responding ascorbate detection platform. A biosensor that 
harnesses Escherichia coli’s native ascorbate utilization machinery can potentially address 
this need. Here, we describe efforts to engineer and optimize both whole-cell and cell-free 
ascorbate biosensors, with different benefits and disadvantages. In both sensors, we used 
the same transcription factor that senses a derivative of ascorbate to enable ascorbate-
dependent output. We found that the whole-cell sensor is able to detect concentrations 
of ascorbate closer to the clinically relevant range. This difference in sensitivity is likely 
due to intact functionality of the phosphotransferase system (PTS) in whole cells. The 
PTS simultaneously transports ascorbate across the cell membrane and phosphorylates 
it to form the molecule that is sensed by the transcription factor used in our system. We 
enhanced PTS functionality in the cell-free environment through a variety of strategies, 
enabling the cell-free sensor to detect lower concentrations of ascorbate. Despite these 
efforts, the whole-cell sensor still exhibits a more sensitive response, demonstrating 
an inherent advantage of whole-cell sensors for the detection of molecules that, like 
ascorbate, require the PTS to be sensed and metabolized by E. coli.
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Computational and Experimental Discovery of β-Sheet Self-Assembling 
Peptides
Alicia Robang, Anant Paravastu
Biomaterials based on the spontaneous assembly of peptides have emerging applications 
in drug delivery, tissue engineering, and regenerative medicine. However, designing a 
sequence of amino acids that can assemble into a predetermined molecular structure 
remains challenging. The advent of increasingly sophisticated techniques in the 
computational design of peptide assemblies, such as the peptide assembly design (PepAD) 
algorithm, gives us a new opportunity to examine the sequence space more efficiently 
than before. In recent work, we used PepAD to generate a pool of 7-mer peptides that 
form antiparallel β-sheets. This work is the first attempt to use a computational approach 
to search for self-assembling peptides in the broad amino acid sequence space. Eight 
peptides that self-assembled in coarse-grained discontinuous molecular dynamics (DMD) 
simulations were subsequently evaluated using Fourier transform infrared spectroscopy 
(FTIR) and thioflavin T (ThT) fluorescence. Two of the eight peptides were experimentally 
observed to assemble, suggesting a basis for future algorithm improvements.  Currently, 
we are integrating constraints inspired by solid-state nuclear magnetic resonance (NMR) 
experiments into the PepAD algorithm to produce new amino acid sequences that 
form parallel β-sheet structures. NMR is the preferred technique for detailed structural 
measurements of peptide assemblies because of its ability to evaluate structures in 
molecular-level detail. However, NMR is costly and time-consuming. Furthermore, 
structural evaluation can be a bottleneck in peptide assembly studies because of multiple 
structural possibilities for the final assembled structure. Developing an NMR-driven 
approach to peptide sequence design can close the design loop so that we can quickly 
iterate between computational design and structural evaluation. Through a combined 
computational and experimental workflow, we hope to efficiently design peptide assembly-
based biomaterials with confidence in their molecular level organization.

Complex Systems

Embedding Microkinetic Modeling into Physics-Informed Neural Networks
Gabriel Sabenca Gusmao, Andrew J. Medford
Unveiling the elementary processes of heterogeneous catalytic systems remains an 
arduous and frequently unattainable task. The comprehensive mathematical description of 
such processes is pivotal to the rational design of catalytic materials and optimal operation 
of chemical processes. The ongoing progress in operando-spectroscopic techniques has 
allowed for more in-depth inference of chemical systems’ states over time-on-stream. 
Nevertheless, standard mathematical methods for the estimation of model parameters 
based on transient data suffer from the high-dimensionality of intermediate chemicals 
states and physical model parameters. In this work, we present an algebraic framework for 
the representation and dimensionality reduction of microkinetic models (MKMs) and their 
associated ordinary differential equations (ODEs). Furthermore, we rely on the universal 
approximation theorem that allows artificial neural networks to be used as a basis for the 
solution of ODEs, approximating states and derivatives in the so-called physics-informed 
neural networks (PINNs). In conjunction, the MKM algebraic framework and the PINNs 
representation of kinetic ODEs allow for the solution of forward and inverse problems 
related to transient chemical systems. Such methods may assist in the elucidation 
of reaction mechanisms based on the temporal evolution of catalysts states under 
reaction conditions. Furthermore, they pave the way for flexible neural network-based 
frameworks with building blocks for the construction of hybrid models that combine purely 
phenomenological and machine-learning elements.
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Uncertainty estimation with conformal prediction in atomistic neural network 
potentials
Nicole Hu, Andrew J. Medford
Neural network potentials are among the most popular machine learning (ML) potentials 
to simulate a chemical system of interest by learning from density functional theory 
calculations. However, since ML potentials do not bear any physical form, uncertainty 
estimation is crucial to ensuring the reliability of predictions. Established methods for 
uncertainty estimation, such as the ensemble method, the drop-out method, and various 
heuristic distance metrics, are either computationally costly or insufficiently reliable to 
rigorously estimate the uncertainties. In this work, we introduce a new method that uses 
a statistical technique known as conformal prediction (CP) with the distance in the neural 
network’s latent space to estimate uncertainties at low computational costs. With multiple 
benchmarking datasets, we first demonstrate that CP with latent space distance provides 
a quantitatively reliable model for uncertainty estimations compared to the established 
methods. We also verify the validity of CP’s critical property: guaranteed finite sample 
coverage, independent of the hyperparameters (number of nearest neighbors and percent 
of calibration data) or the dataset of choice. We demonstrate that CP can be readily applied 
to previously trained neural network models. We show that the finite sample coverage can 
be varied by pre-fixing the parameter alpha to provide aggressive/conservative prediction 
sets. We further investigated its scalability by applying it to datasets of different sizes. 
The efficiency and general applicability of CP make it a promising strategy for predicting 
uncertainty in many ML applications in chemical simulations.

Dynamic Modeling and Simulation of Pressures Swing Adsorption Processes 
Using toPSAil
Taehun Kim, Joseph K. Scott
An open-source dynamic process simulator for pressure swing adsorption (PSA) 
processes, namely Totally Open Pressure Swing Adsorption Intensification Laboratory 
or toPSAil (pronounced as tάpseil) has recently been developed from Scott research 
group. In this presentation, we will provide a brief overview on the proposed simulation 
framework by highlighting the structure of the code written in MATLAB® as well as its 
general capability and performance in simulating industrially relevant PSA processes.  
While commercial PSA process simulators do exist, e.g., AspenTech’s Aspen Adsorption 
(formally AdSim), AVEVA’s Process Simulation (formerly SimCentral) Adsorption Library, 
PSE’s gPROMS ProcessBuilder Adsorption Library, and ProSim’s Dynamic Adsorption 
Column Simulation, these tools are inherently not suitable for addressing research needs 
due to their proprietary nature. For instance, while it is possible to incorporate emerging 
adsorption isotherm or rate models into these tools, yet there is no clear way to easily 
optimize the numerical performance of the codes, without having access to the internals 
of the programs. Furthermore, addressing practical research needs, such as accelerating 
the convergence to a cyclic steady state or implementing an advanced control law as a 
function of state variables to achieve a specific control action, is beyond the scope of these 
existing tools. Needlessly to say, we cannot access the full suite of plotting, debugging, and 
data processing tools available in an open-source programming language.  From 
the literature review, we’ve been observing that there is a lack of clarity in the development 
of a dynamic model for PSA processes. Furthermore, from our own experience, it was 
an undertaking task to develop toPSAil from the scratch. Since lack of open-source PSA 
simulation tool has been identified as a critical barrier for a wide-spread adoption of PSA 
technology, we aim to address this by continuing to develop toPSAil, which can become the 
standard open-source PSA process simulator.
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Hybrid Modeling Framework by combining physics-based knowledge with 
data-driven modeling
Jinhyeun Kim, Fani Boukouvala, Kamran Paynabar, Christopher Luettgen
Scientific and industrial interest in Machine Learning (ML) applications has exploded 
in recent years due to its great potential in better understanding the complex system to 
predict, optimize and control it. While these data-driven techniques significantly improve 
our understanding of the complex system, the important challenges in ML techniques often 
result in false design and analysis of the system. The first challenge is that the model built 
for the training region often does not perform well outside of the training data range and 
is not generalizable.  The second challenge includes that the ML models which rely only 
on data often violate the underlying physics of the system, and thus, lack interpretability. 
Therefore, different methods have been proposed to overcome the challenges. One of 
the key ideas of these approaches is to utilize physics-based knowledge in data-driven 
modeling. These physics-based knowledge/models include the mathematical models 
and algorithms that are based on physics to understand and explain complex systems. 
Recently, different approaches have been proposed and validated that proper design 
and analysis of this hybridization approach with the physics-based models and the 
data-driven models can help build a more robust model. In this work, we propose a new 
hybrid approach under the Gaussian Process Regression (GPR) framework. We combine 
the physics-based knowledge with this data-driven technique in a way of estimating the 
physics-based points indirectly from the physics-based knowledge and updating the data-
driven model sequentially. Here, we use the useful properties of Gaussian Processes (i.e., 
a linear transformation of a GP also follows a GP). Our results show that this approach 
can increase the prediction performance while reducing the prediction uncertainty when 
compared to standard GPR which do not utilize physics-based knowledge.

Fault Detection in Uncertain Nonlinear Chemical Systems: A Comparison of 
Advanced Set-Based Methods with Conventional Data-Driven and Observer-
Based Methods
Bowen Mu, Joseph K. Scott
Modern chemical plants suffer from frequent component malfunctions, control system 
errors, and other abnormal events, collectively termed faults. When faults are not 
quickly detected and addressed, they can have serious deleterious effects on process 
economics, emissions, and safety. To address this challenge, many researchers are 
pursuing fault detection methods with the ability to detect faults early and accurately. 
Within this broad literature, at least three distinct approaches have been developed 
based on quite different ideas. We refer to these as the data-driven methods, observer-
based methods, and set-based methods.   In this presentation, we select a representative 
data-driven method based on principle component analysis (PCA) and a representative 
observer-based method based on  the extended Kalman filter (EKF) and compare them 
against different set-based fault detection methods for several simulated nonlinear 
chemical systems under uncertainty. The compared set-based methods include a 
standard interval method, two methods based on zonotopic enclosures, and a recent 
method developed in our research group based on discrete-time differential inequalities 
(DI). The performance of these methods is compared in several fault-free and faulty 
scenarios and quantified in terms of false alarm rate, detection speed, missed fault rate, 
and robustness to different uncertainty distributions. Our results elucidate several key 
advantages and disadvantages of each method and have clear implications for when 
and why each class of method should be applied. In particular, we demonstrate that 
recent advances in set-based methods have made this approach competitive with, and 
in some respects superior to, the classical data-driven and observer-based approaches. 
Moreover, our results suggest several important areas of future research that could 
address key limitations of methods in each category.
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Effects on Multi-Generational Oxidation Reactions in the Formation of 
Secondary Organic Aerosol from Nitrate Oxidation of Isoprene
Athena Xu, Nga Lee (Sally) Ng
As the most abundant biogenic volatile organic compound in the atmosphere, isoprene 
and its oxidation products are important constituents in the formation of secondary 
organic aerosols (SOA). Many studies have investigated the formation of SOA from 
nitrate radical (NO3) oxidation of isoprene. However, experiments in previous studies 
focused mainly on how different levels of precursors would affect SOA formation 
whereas the role of oxidants with varying concentrations was rarely discussed. In 
ambient conditions, the concentrations of both precursors and oxidants can change 
depending on the locations, although a deficiency of NO3 compared to precursor is 
always observed. Different levels of oxidants can possibly lead to different degrees of 
multi-generational oxidation and affect the SOA formation chemistry. In this work, we 
conduct laboratory chamber experiments with a constant isoprene concentration and 
vary N2O5 concentration (NO3 source) such that VOC to N2O5 ratio ranges between 
1:2 and 1:10. We observe that in high VOC: N2O5 conditions, compounds are mainly 
first-generation products such as those with 1~2 nitrogen atoms and do not undergo 
significant aging because of limited oxidation. Meanwhile, we find that SOA yield and 
organic aerosol mass (Mo) produced decrease with reduced NO3 because not as many 
higher-generational products with low volatilities are formed to readily partition into the 
particle phase to form SOA. Especially in experiments with VOC: N2O5 ratios lower than 
1:6, SOA yields are twice as high as previously reported SOA yield curve. The change in 
yields is likely due to formation of higher level of oligomers, e.g., trimers, in the cross 
reaction of C5- and C10- radicals when abundant oxidants promote radical formation. 
These observations imply that SOA yields in literature might underestimate isoprene 
SOA formation in some ambient conditions. Results from this study can allow for a 
more accurate representation on SOA formation and multi-generational chemistry from 
isoprene and NO3 reaction in the atmosphere where NO3 concentration is varying and 
limited.

Improving the Efficiency of Solving Dynamic Optimization Problems Globally
Jason Ye, Joseph K. Scott
The importance of efficiently solving dynamic optimization (DO) problems to global 
optimality has witnessed unprecedented growth in recent years. DO problems are, by 
definition, constrained at least in part by ordinary differential equations (ODEs) with respect 
to time. Thus, dynamic industrial processes can be optimized by formulating them as DO 
problems to be solved. These processes range from batch reactions and plant startup and 
shutdown to trajectory tracking for autonomous vehicles. Solving DO problems globally 
with high efficiency depends on the ability to construct what are known as tight convex 
relaxations that, as convex functions, bound their corresponding real functions from below. 
However, current techniques for constructing these convex relaxations either lack the 
desired tightness of such lower bounding as output or involve large computational time 
if sufficiently tight relaxations result. We have developed procedures such as revisions 
to existing McCormick’s rules, which allow for the incorporation of techniques that 
tighten the convex relaxations around their real functions without large compromises on 
computational cost. These techniques include the process of constraint-based refinement, 
which tightens the relaxations by eliminating the region enclosed by the relaxations that 
fails to satisfy some known constraints in the problem at hand. As hoped, results have 
shown considerable improvement in the bounding tightness of these convex relaxations 
for the solutions of ODEs while maintaining reasonable computational speed. Work is 
underway for proving that these procedures for improving the convex relaxations yield 
valid relaxations as output. Future work will apply these procedures to DO problems in their 
entirety, so that improvements in efficiency that result in solving these problems globally 
can allow for the desired solution of larger dynamic problems closer to the industrial scale 
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within reasonable time.

Energy and Sustainability

Accelerating Solvent Selection for Type II Porous Liquids
Chao-Wen Chang, David Sholl
Type II porous liquids are comprised of intrinsically porous molecules, usually porous 
organic cages, dissolved in a liquid solvent. This cutting-edge material potentially 
combines the advantages of adsorption properties of porous adsorbents with the 
handling convenience of liquids. Despite growing interest in type II porous liquids, 
little is known about the solubility trends of porous organic cages or other similar host 
molecules. This situation means that despite the potential benefits of using type II 
porous liquids it is currently difficult to find solvent/cage pairs that lead to viable and 
safe porous liquids for practical use. Previously, discovery of appropriate solvents to 
make porous liquids has been limited to direct experimental tests. We demonstrate an 
efficient screening approach that uses COSMO-RS, a thermodynamic modeling tool 
which treats solvent implicitly, for high-throughput solubility predictions. In addition, 
we make predictions of solvent pKa values from a machine-learning model as well as 
several other features and apply this approach to select solvents from a library of more 
than 11,000 compounds based on the constraints of forming type II porous liquid. This 
method is shown to give qualitative agreement with experimental observations for two 
[4+6] imine based porous organic cages, CC13 (non-polar) and TG-TFB-CHEDA (polar), 
identifying solvents with higher solubility for these molecules than had previously been 
known. Ultimately, the algorithm streamlines the down selection of suitable solvents for 
porous organic cages to enable more rapid discovery of Type II porous liquids.

Developing Hierarchical Silica Composites for Atmospheric Water Harvesting
Carmen Chen, Krista S. Walton
Currently, one of the main ways to produce freshwater in arid regions is desalination. 
There exists several issues with desalination however, including high processing costs, 
and in landlocked regions with no easy access to seawater, unfeasible transportation 
costs. As such, researchers have turned their efforts towards exploiting a nearly 
unlimited source of water: water vapor in the atmosphere. Water vapor in the atmosphere 
can be collected through a technique called atmospheric water harvesting (AWH). 
AWH is often carried out by fog harvesting, dewing, or adsorption. However, neither fog 
harvesting nor dewing are viable in arid climates. Adsorption of water vapor is possible 
in these climates, but some adsorbents have low water capacities or higher regeneration 
costs. Alternative water adsorbents include hierarchical silicas (HS). HS consists of 
pores ranging from tiny micropores to intermediate mesopores to large macropores. 
The substantial amount of accessible pore space in HS allows for a large amount of 
water vapor to be adsorbed into the material. However, at low relative humidity, HS will 
not adsorb very much water vapor. To enhance water adsorption behavior of HS in arid 
conditions, hygroscopic salts were systematically incorporated into its pores using a 
wet impregnation method. Hygroscopic salt impregnated into the porous structure was 
characterized using Graphite Furnace Atomic Absorption Spectroscopy (GFAAS) to 
optimize salt impregnation and thus water vapor uptake in the HS materials. Furthermore, 
two synthesis methods were developed and optimized to increase mesopore formation 
in HS. The increased ratio of mesopores-to-micropores in the salt impregnated HS 
composite material led to improved water adsorption kinetics while still reaching high 
uptake. From our water adsorption studies, we observed that HS inserted with an 
optimum amount of hygroscopic salt can achieve a water vapor capacity significantly 
higher than that of unmodified HS.
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Post-Synthetic Metalation of MOFs: Alternative Adsorption Sites for Sulfur Gas 
Uptake
Tania Evans, Krista Walton
Natural gas and biogas have both been gaining popularity as lower-carbon sources of 
energy. While the main component of interest in these gas streams is methane (CH4), 
they also contain small amounts of hydrogen sulfide (H2S), along with other impurities, 
that must be removed in order to maximize heat content and protect process equipment. 
Additionally, SO2 present in flue gas streams must be removed to prevent the formation 
of acid rain. Current methods of removal are energy intensive; selective adsorption of 
these gases from process streams has the potential to be an energy-efficient method 
of purification, with metal-organic frameworks (MOFs) being one of the most promising 
class of adsorbents. Unfortunately, MOF structures often degrade upon adsorption of 
water and acid gases; enhancing MOF stability would increase their industrial viability. 
One strategy for improving structural stability is the introduction of alternative adsorption 
sites that are separate from the MOF backbone. Specifically, this work focuses on the 
post-synthetic coordination of copper ions to MOF functional groups using the parent 
MOF MIL-101. Additional metal sites serve the dual function of providing a stable 
adsorption site as well as increasing guest-site interactions. These materials exhibited 
both structural preservation and surface area retention upon modification to their parent 
materials. The modified frameworks show a higher adsorption capacity of the single 
components carbon dioxide and sulfur dioxide. They also showed a maintenance of 
crystalline structure upon cycled adsorption of single components. This work suggests 
that sacrificial adsorption sites can be used to enhance MOF adsorption capacity and 
potentially stability.  

Adsorption Processes for Recovery and Enrichment of Organic Acids from Kraft 
Black Liquor
Qiang Fu, Sankar Nair
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, carbohydrate-derived organic acids 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. The organic acids are C1-C6 molecules with 
1-2 COOH groups and 0-4 hydroxyl groups, thus comprising both hydroxy acids and 
conventional carboxylic acids. These acids could be valorized either as a bioderived 
feedstock for biofuels and biobased chemicals production, or further fractionated to 
produce specific high-value carboxylic acids from the mixture. However, both these 
routes require a viable process to separate carboxylic acids from BL.  In this talk we 
will discuss the adsorption properties of activated carbon adsorbents for separation of 
organic acids from the other constituents (inorganics, water) of kraft black liquor, and 
the development of an adsorption-based process for recovery and enrichment of organic 
acids. We present comprehensive packed-bed column adsorption measurements and 
analysis to thoroughly characterize the multicomponent adsorption phenomena and 
develop a cyclic operation scheme for the adsorption process. Methanol is used as a 
desorbent in this process. We have successfully obtained enriched organic acid mixtures 
(12-15 wt% on desorbent-free basis) in a single-stage operation with extended cyclic 
experiments. The productivity and selectivity of the adsorption process will be discussed 
in detail. 

Selective Oxidative Conversion of Esterification-induced Lignin Towards 
Aromatic Acids
Wenbo Peng, Zhaohui Tong
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As the most abundant aromatic polymer resource in nature, lignin has great potential to 
produce bio-based aromatic acids (e.g., p-hydroxybenzoic acid, vanillic acid and syringic 
acid). However, methods with an easy-to-separate form with a relatively decent yield 
has not been achieved yet. Therefore, there is a need for a compelling and commercially 
feasible process that selectively depolymerizes lignin to targeted special chemicals. In 
this work, a cost-efficient method for upgrading lignin into a variety of aromatic acids is 
proposed. Firstly, a comparative study among three different metal-free catalysts were 
performed to depolymerize lignin to low-molecular-weight aromatics, and graphene oxide 
exhibited the best catalytic activity in depolymerizing lignin to aromatic aldehydes under a 
relatively mild condition. Secondly, a protective acetylation step with acetic anhydride, and 
an oxidation step with urea hydrogen peroxide (UHP), was developed to selectively convert 
these aromatic aldehydes to the targeted aromatic acids with excellent yield (>85 wt%).  
Using this method, lignin extracted from poplar and sweet sorghum were converted into 
the desired phenolic acids with excellent isolated yields (>15 wt%). Thirdly, we proposed 
the mechanisms which gave a good explanation to each step in this upgradation methods. 
Finally, Density-functional theory (DFT) method is adopted to calculate the energy barriers 
of each possible reaction routes, and elucidate the roles which the catalyst, water, oxygen 
and other solvents may play in this mechanism.

Reinforced Learning Based Control Algorithm for Anarobic Digestion Under 
Feedstock Uncertainty
Abigael Wahlen, Zhaohui Tong
Implementing and optimizing alternative sustainable technologies that can help mitigate 
the carbon crisis is essential for a sustainable future. However, many biochemical 
processes are plagued by uncertainty due to the complexity of organic feedstocks. 
Anaerobic digestion systems experience this overriding uncertainty in the feedstock, 
especially when multiple waste feedstocks are present. To solve this issue, we established 
a linear optimization algorithm to determine the composition of our feedstocks to 
implement in an anaerobic digestion model. We collected several hundred data points from 
literature to use in this algorithm. From this data, we used random samples to establish the 
uncertainty in our model. To control this process, we will compare two different learning 
algorithms. First, a Markov decision process (MDP) that optimizes and controls anaerobic 
digestion under the established uncertainty. After this, we looked at a hierarchical 
reinforced learning algorithm where the uncertainty is not established. Next, we discuss the 
implementation of our algorithms on a kinetic model of anaerobic digestion to determine 
the target methane output. To apply these algorithms, we simulate the anaerobic digestion 
model no. 1, determining the efficiency under well-established process conditions such 
as a steady-state model, a step model, and a continuously changing model. This model 
will allow for an alternative automated control system for this delicate process, ensuring 
stability in the reactor under different feedstock uncertainty. Furthermore, these results 
will lead to a deeper understanding of how scientists and engineers can apply reinforced 
learning-based MDP process approach to complex biological systems like anaerobic 
digestion.

Co-transport of water and p-xylene through carbon molecular sieve 
membranes
Young Hee Yoon, Ryan Lively
Carbon molecular sieve (CMS) is a promising material for scalable and high-performance 
reverse osmosis membranes for its impressive chemical and thermal stabilities. 
Understanding complex membrane separation involving molecular transport in confined 
microporous spaces is a crucial research area for various membrane separation 
processes. The transport of water and organic mixtures is one of the important examples 
in which the transport via CMS microstructures is poorly understood. The separation of 
water and the small-molecule organic solvent is a challenge in industrial applications 
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such as purification of produced water, purification of pharmaceutical intermediate in 
the presence of water, and water removal from black liquor. The amorphous nature of the 
CMS microstructure results in significant difficulties in using computational modeling 
of the molecular transport mechanism. As a result, an experimental study of water and 
organic solvent transport in CMS membranes is pursued here. This work explored the 
sorption, diffusion, and permeation of organic compounds and water in polyvinylidene 
fluoride (PVDF) derived CMS (PVDF-CMS). The comparison between the modeled and 
experimental transport studies shows how the penetrant properties such as polarity and 
molecular size affect the permeability and selectivity in the CMS. Basic transport and 
sorption parameters are utilized to estimate how water-organic mixtures will transport in 
a CMS membrane. The transport of water in CMS was experimentally confirmed to follow 
the sorption-diffusion (S-D) mechanism. S-D modeled ideal-permselectivity showed CMS 
is p-xylene selective over water. Pure component water permeation was determined to 
be controlled by sorption. The pure component p-xylene permeation was observed to 
be slightly more controlled by diffusion. Mixture permeation experiments unexpectedly 
demonstrated an increase in the selectivity of p-xylene over water, presenting preliminary 
evidence for a competitive sorption-selective separation mechanism. The findings 
reported here emphasize the potential for removing the dilute organics in water using CMS 
pervaporation membranes.

Materials and Nanotechnology

Understanding Molecular Diffusion Mechanisms in Defective Metal Organic 
Frameworks with 1D channels
Xuqing Cai, David Sholl
Molecular diffusion plays a critical role in chemical separation by small pore metal-
organic frameworks (MOFs). In this work, we carefully study the unexpected role of 
defects for gas molecules diffusing in MOFs with 1D channels. Inside a defect-free MOF 
with small pores, guest molecules are expected to follow single file diffusion along 
the 1D channels. In recent experiments, it has been found that diffusion mechanism 
in a MOF with 1D channels, UTSA-280, does not follow the previous description. The 
crystal material of UTSA-280 is composed of Ca metal atoms with squaric acid and H2O 
molecules as bridging linkers. The crystal structure shows UTSA-280 has 1D channels 
less than 5 Å wide. Density-Functional Theory (DFT) calculations suggest that defect 
site could arise under experimentally-relevant conditions by removing H2O between the 
linkers. We used Nudged Elastic Band (NEB) DFT calculations of C2H6/C2H4 diffusing 
through these missing water defects. These calculations indicate not only that the 
molecules can readily hop between 1D channels but also that this process appears to 
be the source of kinetic selectivity observed experimentally for UTSA-280.  In addition to 
providing mechanistic insight into molecular diffusion in UTSA-280, our results suggest 
that defects may play a critical role in other 1D MOFs with narrow channels. We will also 
present results for several other materials with these characteristics. 

Large-Scale Computational Screening of Aluminosilicate Zeolites for Alkane 
Capture and Separation
Alan Daou, David Sholl
Alkane separations are carried out industrially through energy intensive distillation 
processes. One potential non-thermal alternative to distillation is adsorption-based 
separation using porous materials. Zeolites are promising adsorbent materials that 
are widely used in the chemical process industries. However, large combinations of 
exchanged cations, framework topologies, and aluminum compositions are possible, 
making it challenging to identify the optimal candidates. Large scale computational 
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studies present a more efficient strategy to identify the aforementioned candidates and 
design processes before further lab experimentation. These studies rely on accurate 
results from molecular simulation techniques such as Grand Canonical Monte Carlo 
(GCMC) or Molecular Dynamics (MD) and an efficient workflow. As such, many of these 
studies are limited by the accuracy and/or transferability of the available forcefields. In 
recent work, our research group has developed a fully transferrable force field based on 
first-principles quantum mechanical (QM) methods that can accurately describe both the 
adsorption and diffusion properties of alkanes and some small adsorbates in siliceous 
and cationic zeolites. Moreover, we also assured ourselves that using rigid frameworks 
in screening projects was not only a time saving but also a valid assumption, simplifying 
and speeding up the workflow. We present a computational screening workflow for 
adsorption-based methane/butane separation in silica and Na/Ca exchanged cationic 
zeolites. We also present the extension of this work into a machine learning tool for the 
screening of real and hypothetical aluminosilicate zeolites for alkane separations and 
capture.

Rheological investigations of binder properties in high solids suspensions for 
homogeneous spatial distribution
Alexandra Dobbs, Blair Brettmann
High solids suspensions are used in a wide span of materials from concrete and 
toothpaste to specialized high energy propellants. They contain over 50% small solid 
particles suspended in a liquid polymer and solvent medium (binder) and frequently 
exhibit non-Newtonian behavior. Designing high solids suspensions is challenging as 
the particle and binder formulation has a direct impact on material processing (mixing, 
storage) and properties (homogeneity); a relationship which is not well characterized. 
The overall goal of this work is to develop a fundamental understanding of the physical 
interfacial properties between formulation components and elucidate the relationship 
between fluid properties and particle spatial distribution. To characterize these 
relationships formulation components are isolated and modified systematically. Herein, 
particle spatial distribution is studied as a function of binder properties, such as vapor 
pressure, surface tension, and polarity. The total solids content was kept consistent at 
61.4 vol% and consisted of a bimodal 15:85 mixture of small hollow glass spheres (9-13 
µm) and large solid glass spheres (125 µm), respectively. The suspension binder was 30 
vol% of high molecular weight (55 kDa) polyvinylpyrrolidone (PVP) dissolved in variable 
solvents and surfactants. A FlackTech planetary mixer was used to combine formulation 
components into a homogeneous mixture; and fluid properties were measurements 
in a TA Instruments Discovery HR-3 Hybrid Rheometer. A parallel plate cross-hatched 
geometry was used to study suspension viscoelasticity under sheer forces. Results 
suggest the binder solvent has a significant impact on material properties. Solvents with 
high surface tension and low vapor pressure have good elasticity retention, and thus are 
more likely to maintain homogeneity during processing.

Controlled Demolition and Reconstruction of Metal-Organic Frameworks by Acid 
Gas Treatment and Linker Insertion
Arvind Ganesan, Sankar Nair
The metal ion-organic linker coordination bond of Metal-Organic Frameworks (MOFs) 
is often unstable in acid gas environments (such as dry or humid CO2, SO2, NO2).  The 
associated bond cleavage leads to loss of crystallinity and porosity. Recently, a method 
called “Solvent-Assisted Crystal Redemption” (SACRed) has demonstrated the controlled 
degradation of an existing ‘template’ MOF (such as ZIF-8) with humid SO2, followed 
by treatment with a native or non-native fresh linker solution to yield a reconstructed 
ZIF-8 or hybrid ZIF-8 containing non-native linkers respectively. In the present talk, we 
discuss how to expand and generalize the controlled demolition and reconstruction 
concept to a broader range of ZIF/MOF materials, thereby allowing a more general 
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technique to synthesize MOFs that are otherwise difficult to obtain by conventional de 
novo synthesis or linker exchange methods.  In particular, we have investigated the use 
of several MOF templates of different classes (several ZIF and UiO materials), and the 
effects of controlled demolition with different kinds of acid gases (SO2 and NO2¬ in 
dry and humid conditions). The extent of room temperature exposure for each MOF-
acid gas pair is chosen to cause significant degradation. SACRed recovery protocols 
designed for each degraded MOF display significant recovery of crystallinity and 
porosity in all cases. The distinctive physical and chemical modifications occurring in 
the degraded and recovered MOFs are studied by spectroscopic, crystallographic, and 
pore texture analysis techniques. The findings can enable us to construct a more general 
set of guidelines for applying this technique for reconstructing damaged MOFs and for 
synthesizing new MOFs that are otherwise difficult to synthesize conventionally (e.g., due 
to kinetic or thermodynamic barriers).  Potential practical uses of this approach include 
the regeneration of MOFs after prolonged use and insertion of functional new linkers to 
obtain improved adsorption and diffusion properties.  

Controlling water absorption and diffusion in cellulose-based films via 
crosslinking
Tanner Hickman, Carson Meredith, Natalie Stingelin
Petroleum-based plastics are ubiquitous in society, but their slow degradation and limited 
recyclability present significant environmental concerns. Solid waste accumulation, 
energy consumption, and CO2 emissions associated with virgin plastic manufacturing 
have driven extensive research efforts to develop sustainable alternatives for traditional 
plastics. Cellulose, the most abundant polymer on earth, has been widely studied 
as a sustainable material for applications such as packaging, composite materials, 
and printed electronics. However, the physicochemical properties of cellulose and its 
derivatives are sensitive to moisture and relative humidity, limiting their performance in 
many applications. In this work, we investigate crosslinking as a route to controlling the 
absorption and diffusion of water in cellulose-based films using carboxymethyl cellulose 
and citric acid as a sustainably sourced model system. We find that crosslinked films 
are insoluble in water, and crosslinker content is inversely related to equilibrium water 
content. The water vapor transmission rate of crosslinked carboxymethyl cellulose 
films can be tuned over a wide range, from approximately 0.01 to 100 g-mm/m2-day, by 
varying the crosslinker content. The lowest measured water vapor transmission rates 
were comparable to poly(ethylene terephthalate) up to at least 65% relative humidity. We 
also find that the carboxymethyl cellulose/citric acid system can be used to crosslink 
supramolecular cellulose structures such as cellulose nanocrystals, demonstrating the 
versatility of this approach for different cellulose-based materials. This work expands 
the scope of potential applications of cellulose as a sustainable alternative to petroleum-
based plastics.

Minimizing oxygen permeability of cellulose/chitin nanomaterials as multilayer 
coatings by tuning chitin deacetylation
Yue Ji, Carson Meredith
Cellulose nanocrystals (CNCs) and chitin nanowhiskers (ChNWs) have high strengths 
and low oxygen permeabilities (OP), providing a sustainable substitute for petroleum-
based plastics in food packaging applications. Their aqueous suspensions can be 
applied as coatings on a substrate film and function as an oxygen barrier. Because 
partially deacetylated chitin is cationic in acidic solution while sulfate-modified cellulose 
is anionic, the electrostatic attraction between the opposite charges may allow the 
fabrication of their nanomaterials into multilayered coatings.  In this work, ChNWs and 
CNCs were spray-coated on cellulose acetate (CA) film alternately as a bilayer oxygen 
barrier. The deacetylation of chitin was optimized to minimize the OP of the coated 
film by applying the Taguchi method for the design of experiment. Three parameters 
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influencing the deacetylation reaction were adjusted: concentration of sodium hydroxide, 
reaction temperature, and reaction time. We show that preparing ChNW more aggressive 
deacetylation conditions can shorten the nanowhiskers and increase the surface charge, 
which lowers the OP of the coated film. The OP decreased from 1550 cm3∙μm/m2/day/
kPa for uncoated CA, to 132-16.7 cm3∙μm/m2/day/kPa for a coated film. The optimal 
result is comparable to the OP of commercial oriented poly(ethylene terephthalate). In 
addition, with only ~10% decrease in the ultimate tensile strength and no significant 
loss in failure strain, the ChNW-CNC coating resulted in ~20% decrease in WVTR in 
comparison to uncoated CA films. Furthermore, we present the preliminary results of 
improving the oxygen barrier property of the multilayer film by tuning the spray coating 
temperature (Tspray) and the post thermal treatment temperature (Tthermal). The OP 
decreased 48% and 62% by increasing the Tspray from 40 to 100℃ and increasing the 
Tthermal from 40 to 140℃, respectively, without significant influences on the mechanical 
properties. 

Molecular Simulation of Adsorption and Diffusion in Nanoporous Amorphous 
Materials
Raghuram Thyagarajan, David Sholl
The development of publicly available materials databases for materials including 
zeolites (IZA-SC), metal organic frameworks (CoRE-MOF), and inorganic materials 
(The Materials Project) has been a key enabler of high-throughput computational 
screening and data-driven discovery of materials for potential use in new technologies. 
We recently introduced a similar database for structures of porous rigid amorphous 
materials, an important class of materials for which no such resource was available. 
The database includes atomically detailed structures of disordered materials like 
amorphous carbons, kerogens, hyper-cross-linked polymers etc. generated using a 
wide range of simulation techniques by multiple research groups. We present extensive 
computational analyses for material characterization by calculating a series of scalar 
(e.g., accessible surface area) and vector (e.g., pore size distribution) descriptors. A 
variety of gas adsorption isotherms for both single component and binary mixtures are 
predicted for each structure. We also discuss the agreement between binary adsorption 
data and predictions from the Ideal Adsorbed Solution Theory.   In addition to adsorption 
isotherms, we have computed the diffusion coefficients of CH4 and CO2 in several of 
these structures. We present a diverse collection of molecular diffusivities in amorphous 
materials and examine their concentration dependence by comparing data from 
adsorption and diffusion simulations. 

Data science guided experiments identify conjugated polymer solution 
concentration as a key parameter in device performance
Rahul Venkatesh, Martha Grover, Carson Meredith and Elsa Reichmanis
Organic semiconducting polymers have demonstrated potential in the production 
of large-area, low-cost, flexible electronic devices. Recently discovered push−pull 
copolymers (donor−acceptor (D−A) polymers), with a polymer backbone consisting of 
alternating electron-deficient (acceptor) and electron-rich (donor) units, have exhibited 
significant improvement in electronic performance compared to semicrystalline 
homopolymers. The high mobility observed in D−A polymers has been attributed to 
the rigid, planar backbone conformation with minimal steric hindrance between the 
donor and acceptor units. However, the vast and complex device processing space 
combined with a lack of standardized reporting makes reproducibility within the field 
difficult and impedes the development of these materials. Curating and analyzing 
centralized datasets is a promising approach to resolve the issue of reproducibility, 
gain new insights, and guide future experiments. Here, a data set was constructed 
containing processing and performance information of 115 published organic field 
effect transistor devices, fabricated using the commercially available D-A polymer, 
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DPP-DTT. A customized classification algorithm was applied to the data set, which 
identified polymer solution concentration as a key factor in device performance and 
recommended a reduced design range for this variable that would lead to improved hole 
mobility. Experiments performed to confirm the insights from the data curation exercise 
revealed a strong influence of solution concentration on the polymer chain excitonic 
interactions and electronic performance. As recommended by the classification 
algorithm, devices were fabricated at the critical polymer chain overlap concentration of 
5 g/L in chlorobenzene, which resulted in improved hole mobility. It is hypothesized that 
the polymer chain overlap in the solution state contributes to improved charge transport 
in the solid state. The results highlight the advantage of integrating materials informatics 
approaches into the existing polymer electronics methodologies.

A systematic study of N-modified UiO-66 type MOFs for SO2 adsorption
Chengzhai Wang, Krista Walton
SO2 presents a threat to human health, industrial processes, and the environment. 
Metal-organic frameworks (MOFs) have been shown to be promising candidates for SO2 
adsorption due to their large surface area and structural tunability. However, efficiency, 
selectivity, and cyclability of SO2 capture present challenges that no group of MOFs 
has yet satisfied. Here, we report a series of N-modified MOFs synthesized with ligands 
containing different N sites. The introduced N sites with lone pair electrons will enhance 
the SO2 capacities for these MOFs at various degrees due to the different levels of 
binding strength between N sites and adsorbed SO2 molecules. Powder X-ray diffraction 
results confirm that N-modified MOFs possess the same topology and show strong 
chemical stability to SO2. SO2 adsorption from a stream of 0.1% SO2 in balance N2 
was measured using home-built breakthrough system. The results showed that except 
for UiO-66-NO2, all the other N-modified UiO-66 MOFs presented higher SO2 loadings. 
For example, UiO-66-2,5-PDC (pyridine-modified UiO-66) adsorbed 0.997 mmol/g of 
SO2, a loading six times higher than that of pristine UiO-66 (0.13 mmol/g). This talk will 
present SO2 adsorption results for this family MOFs, and the mechanism governing 
the adsorption process will be explored through in-situ infrared spectroscopy (in-situ 
IR) and X-ray photoelectron spectroscopy (XPS) experiments. The results suggest that 
the introduced N sites can act as favorable adsorption sites for SO2. Additional density 
functional theory (DFT) simulation reveals which type of N sites exhibit the best SO2 
adsorption behavior. Overall, this study provides insights into establishing basic rules for 
the design of MOFs with N-containing functional groups for SO2 adsorption.

Predicting Molecular Diffusion in Metal Organic Frameworks
Yuhan Yang, David Sholl
Membrane-based separations based on nanoporous materials rely crucially on molecular 
diffusion in these materials. Unfortunately, knowledge of diffusion is still limited to small 
group of the very large number of nanoporous materials that are interesting candidates 
for membrane separations. To diversify nanoporous materials-based separation 
based on MOFs we built up a large diverse library and used molecular dynamics (MD) 
simulation to comprehensively understand how the pore structures and molecule 
species influence molecular diffusion. 17 representative MOFs were chosen from 
the CoRE MOF database and 12 adsorbate molecules covering different size, shape, 
polarity and flexibility are selected. UFF4MOF was employed to describe the interactions 
between the framework atoms.  Comparisons with experimental crystal structures and 
with DFT-relaxed structures indicated that UFF4MOF gave satisfactory predictions of 
the MOF structures. Dynamically corrected transition-state theory methods (dcTST) was 
used to predict diffusivities of slow diffusing systems. Umbrella sampling combined 
with the one-dimensional weighted histogram analysis method (WHAM) was employed 
to calculate the diffusion free energy barriers.  Our results make it possible for the first 
time to systematically compare molecular diffusivities for a library of molecules in a 
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diverse range of MOFs with calculations that fully incorporate framework flexibility. 
In many cases, framework flexibility has a strong impact on molecular diffusion. 
Descriptors based only on the properties of empty MOFs were not able to capture the 
effects of framework flexibility even qualitatively. In contrast, the average window size 
in the presence of a constrained molecule was found to be useful for predicting self-
diffusivities in flexible framewors. A transferable descriptor of adsorbate size in diffusion 
was introduced to efficiently estimate loaded window sizes for diverse collections of 
molecules. These results provide practical approaches to develop methods that could be 
used in accurate high-throughput screening of large libraries of nanoporous structures 
and molecules for kinetic separations.

Incorporating flexibility effect into Metal-Organic Frameworks adsorption 
simulation
Zhenzi Yu, David Sholl
High-throughput calculations based on molecular simulations to predict the adsorption 
of molecules inside metal-organic frameworks (MOFs) have become a useful 
complement to experimental efforts to identify promising adsorbents for chemical 
separations and storage. For computational convenience, all existing efforts of this 
kind have relied on simulations in which the MOF framework is approximated as rigid.  
In this work, we use extensive adsorption-relaxation simulations that fully include 
MOF flexibility effects to explore the validity of the rigid framework approximation. We 
also examine the accuracy of several approximate methods to incorporate framework 
flexibility that are more computationally efficient than adsorption-relaxation calculations. 
We first benchmark various models of MOF framework flexibility for four MOFs with 
well-established CO2 experimental consensus isotherms. We then consider a range of 
adsorption properties, including Henry’s constants, non-dilute loadings, and adsorption 
selectivity, for seven adsorbates in 15 MOFs randomly selected from the CoRE MOF 
database. Our results indicate that in many MOFs, adsorption-relaxation simulations are 
necessary to make quantitative predictions of adsorption, particularly for adsorption at 
dilute concentrations, although more standard calculations based on rigid structures can 
provide useful information. Finally, we investigate whether a correlation exists between 
the elastic properties of empty MOFs and the importance of including framework 
flexibility in making accurate predictions of molecular adsorption. Our results did not 
identify a simple correlation of this type. 
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Biotechnology

Harvesting interstitial fluid from the skin using microneedle patches as a novel 
source of biomarkers
Juan Luis Mena Lapaix, Mark Prausnitz
Oral Session I (Energy & Bio), Gatherly 3F, 9:30 AM, Feb. 15th
Interstitial fluid (ISF) is a biomarker-rich fluid found in the spaces between the cells in 
tissues which has potential for use in point-of-care (POC) diagnostic tests. The ISF in the 
skin can be accessed using microneedle (MN) patches, but the ISF volumes extracted 
using MN-based methods remain low due to slow fluid transport through the skin. To 
generate novel strategies to harvest ISF more effectively, I will discuss the results from 
two sets of mechanistic experiments done ex-vivo that show the effect of two tissue 
properties- fiber network structure and hydration- on extraction of ISF using MN patches 
and suction. In the first set of experiments, we changed the skin’s fiber network structure 
and then extracted ISF from the skin. When we changed the structure of the skin’s fiber 
network using collagenase, we found that we could increase ISF extraction flow rates 
by up to a factor of 5. In the second set of experiments, we tested how the volume of ISF 
extracted ex-vivo from the skin depends on skin hydration. We extracted ISF from skin 
samples with hydrations between 50%w/w and 75%w/w and found a correlation between 
increased hydration and increased volume of ISF extracted. We also modeled the flow 
conductivity of the skin using a fiber matrix model and found a similar correlation 
between hydration and conductivity. These mechanistic studies show that fiber network 
structure and hydration are important in determining the volume of ISF extracted from 
the skin using MN-based methods. We are currently leveraging these mechanistic 
findings to design better MN-based methods to extract greater volume of ISF at faster 
rates.

ORAL SESSIONS
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Enzymatic kinetic characterization and model development of penicillin G 
acylase from E. coli for the synthesis of cephalexin and amoxicillin at high 
substrate concentrations
Patrick Harris, Andreas Bommarius, Martha Grover, Ronald Rousseau
Oral Session I (Energy & Bio), Gatherly 3F, 9:45 AM, Feb. 15th
Semi-synthetic beta-lactam antibiotics are highly important drugs prescribed on a large 
scale worldwide for the treatment of bacterial infections. Recently, the enzymatic reactive 
crystallization of these substances has been of interest due to higher productivity 
and yield in comparison to aqueous phase enzymatic synthesis. We investigated the 
use of penicillin G acylase (PGA), an enzyme demonstrated for the synthesis of beta-
lactam antibiotics, for its application in enzymatic reactive crystallization of cephalexin. 
The kinetics of cephalexin synthesis by PGA are not largely understood at the high 
substrate concentrations required for reactive crystallization, leading to concerns in 
using models to inform the design of a cephalexin reactive crystallization process. In 
this work, we describe the characterization of three PGA variants for the synthesis of 
cephalexin. We also use time course rather than initial rate synthesis data to fit to three 
models to find an improved model describing the phenomena observed in the system.  
Considerable substrate inhibition was observed by one of the substrates, 7-ADCA, 
which was incorporated in one of the models and found to most accurately describe 
the phenomenon occurring in the system. We used the best fit model to model a CSTR 
to identify feasible operating regions as well as to examine the interplay between 
7-ADCA inhibition and increased reaction rates at higher substrate concentrations. 
We determined that a tradeoff exists between increased fractional yield and increased 
productivity.

Development of a diversifying base editor in Saccharomyces cerevisiae for rapid 
antibody enhancement and selection
Andrew Cazier, John Blazeck
Oral Session II (Bio & Materials), Gatherly 3F, 2:45 PM, Feb. 15th
Developing high-affinity, therapeutic antibodies currently includes many laborious 
molecular cloning steps. Yeast display using Saccharomyces cerevisiae is frequently 
employed to screen antibody candidates, but a diverse library must first be generated 
and transferred into yeast. Thus, we are building a yeast-based platform that is capable 
of generating antibody libraries in situ by mimicking processes found in human antibody 
diversification. In B cells, antibodies are refined and improved by altering DNA sequences 
through somatic hypermutation, carried out by activation-induced cytidine deaminase 
(AID). We have sought to recapitulate somatic hypermutation using the first CRISPR-
based, diversifying base editor to be expressed in yeast. This system creates intense, 
localized mutations on a targeted gene while minimizing off-target effects. In our base 
editor, a nuclease-dead Cas9 protein is integrated along with AID fused to MS2 coat 
protein (MCP). A CRISPR guide RNA (gRNA), with embedded MS2 aptamers which recruit 
the MCP-AID fusion to the targeted locus, is also included. We will highlight results from 
fluorescence-based, mutational assays that have allowed us to estimate the rate and 
breadth of mutations produced by the base editor. Furthermore, we will describe recent 
efforts to improve the capability of this platform, emphasizing three domains. First, 
we have developed human AID mutants with improved mutation rates relative to the 
native sequence. Second, we have further enhanced the base editor activity through the 
addition of a ssDNA-binding protein to the MCP-AID fusion. Third, we have optimized the 
mutation rate by creating gRNA variants with altered MS2 aptamer positions. Finally, we 
will describe ongoing experiments which combine the base editor with yeast display to 
rapidly enhance and isolate an antibody sequence.
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Engineering Metabolically Armored T cell Therapies for Solid Tumor Translation
John Cox, John Blazeck
Oral Session III (Bio), Gatherly 3F, 8:50 AM, Feb. 16th
Altered metabolism is a hallmark of cancer that directly inhibits antitumor immunity and 
the translation of engineered T cell therapies to solid tumor cancers. In particular, the 
immunosuppressive metabolite adenosine accumulates in the tumor microenvironment 
(TME) at concentrations 100-fold that of healthy tissues. Adenosine accumulation 
strongly inhibits T cell activation, proliferation, and effector function. Interestingly, 
adenosine deaminase (ADA) enzymes are capable of degrading adenosine into benign 
and readily cleared metabolites. We hypothesize that T cells that have been engineered 
to express and secrete ADA enzymes would be ‘armored’ to resist adenosine-mediated 
immunosuppression. Therefore, we sought to complete proof-of-concept studies that 
demonstrate that it is feasible to engineer T cell therapies capable of delivering ADA protein 
to the tumor microenvironment.  There exists two ADA isoforms, one that is intracellularly 
restricted (ADA1) and one that is secreted (ADA2). We’ve engineered HEK293T and Jurkat 
T cells with ADA enzymes and mutants thereof to assess their level protein production 
and enzyme activity in lysates and supernatants. Using kinetic assays and western blot, 
we confirmed that ADA1 is largely intracellularly restricted, making ADA2 the pertinent 
protein for T cell therapy applications. So, we constructed and screened an enzyme 
library to mutate active site residues in the protein. The isolated variants substantially 
improved the KM, which resulted in a ~30-fold activity increase of the enzyme at 
micromolar adenosine concentrations. Finally, we are working to impart cellular control 
over enzyme expression, through the construction of synthetic promoters that are activated 
by adenosine cell signaling programs. Collectively, this work interfaces cellular and 
protein engineering simultaneously to demonstrate the first ever attempt at engineering 
improved T cell therapies that intelligibly degrade immunosuppressive metabolites. These 
improvements will serve to facilitate the translation of T cell therapies to the solid tumor 
microenvironment. 

Harnessing Escherichia coli’s native ascorbate utilization machinery toward 
detection of vitamin C (ascorbate) deficiency
Fernanda Piorino Macruz De Oliveira, Mark Styczynski
Oral Session III (Bio), Gatherly 3F, 9:05 AM, Feb. 16th
Vitamin C (ascorbate) deficiency is a global public health issue most prevalent in regions 
that lack the appropriate resources for testing and diagnosis. The high incidence of 
ascorbate deficiency in resource-limited settings creates a need for an inexpensive, 
equipment-free, and fast-responding ascorbate detection platform. A biosensor that 
harnesses Escherichia coli’s native ascorbate utilization machinery can potentially 
address this need. Here, we describe efforts to engineer and optimize both whole-cell 
and cell-free ascorbate biosensors, with different benefits and disadvantages. In both 
sensors, we used the same transcription factor that senses a derivative of ascorbate 
to enable ascorbate-dependent output. We found that the whole-cell sensor is able to 
detect concentrations of ascorbate closer to the clinically relevant range. This difference 
in sensitivity is likely due to intact functionality of the phosphotransferase system (PTS) 
in whole cells. The PTS simultaneously transports ascorbate across the cell membrane 
and phosphorylates it to form the molecule that is sensed by the transcription factor 
used in our system. We enhanced PTS functionality in the cell-free environment through 
a variety of strategies, enabling the cell-free sensor to detect lower concentrations of 
ascorbate. Despite these efforts, the whole-cell sensor still exhibits a more sensitive 
response, demonstrating an inherent advantage of whole-cell sensors for the detection 
of molecules that, like ascorbate, require the PTS to be sensed and metabolized by E. 
coli.
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Developing Microneedle Patch-Based Diagnostic Platforms for the Detection of 
Tuberculosis Infection
Youngeun Kim, Mark Prausnitz
Oral Session III (Bio), Gatherly 3F, 9:20 AM, Feb. 16th
Tuberculosis (TB) is an infectious disease caused by Mycobacterium tuberculosis 
(Mtb). It is currently estimated that about 2 billion people worldwide are infected with 
TB. Most Mtb infections are latent and asymptomatic, while some infections result 
in the active progression of the disease. However, there is still no direct test that can 
differentially diagnose latent versus active Mtb infection. Hence, there is an urgent need 
for new diagnostic platforms to identify truly infected individuals for the successful 
treatment and control of TB, as active TB requires intensive therapy while latent TB 
does not.   Microneedle patches (MNPs) have recently emerged as minimally invasive 
devices that can collect useful biomarkers from the skin interstitial fluid (ISF) for 
diagnostic applications. In this study, we developed two types of MNP platforms with 
optimized sensitivity and specificity to detect Mtb biomarkers in dermal ISF. In our first 
approach, we used MNPs to collect ISF from the skin of guinea pigs infected with Mtb 
and successfully quantified the concentration of latent and active TB biomarkers in the 
collected fluid via immunoassay. For the second approach, instead of collecting ISF with 
MNPs, we developed MNPs that can directly capture the biomarker of interest in situ in 
the skin by coating the patches with antibodies specific to the target biomarker. After 
the in situ capture of the target Mtb biomarker, the patches can be removed from the 
skin, and the concentration of the biomarker can be subsequently determined with an 
immunoassay.

Toward engineering an efficient and thermostable α-Amino Ester Hydrolase 
(AEH): Minimizing substrate inhibition and deactivation for continuous 
production of cephalexin
Colton Lagerman, Andreas Bommarius, Martha Grover, Ron Rousseau
Oral Session IV (Bio), Gatherly 3F, 10:30 AM, Feb. 16th
β-lactam antibiotics such as amoxicillin and cephalexin are the most prescribed antibiotics 
in the world. Semi-synthetic β-lactam antibiotics can be produced enzymatically as an 
environmentally conscious and cost-effective alternative to traditional chemical synthesis. 
The enzymatic reaction couples an activated acyl side chain with a β-lactam nucleus to 
produce a variety of β-lactam antibiotics. α-Amino ester hydrolases (AEHs) comprise a 
small class of enzymes capable of enantioselective production of β-lactam antibiotics. 
Despite providing rapid kinetics and high selectivity, AEH use is complicated by rapid 
deactivation. Recently, we developed a complete kinetic mechanism for AEH catalyzed 
cephalexin synthesis to account for substrate inhibition, a phenomenon that further 
complicates AEH use in large-scale continuous processes. While the general mechanism 
for β-lactam antibiotic synthesis developed by Youshko and Svedas is applicable for low 
reactant concentrations, we demonstrate experimentally that AEH suffers from substrate 
inhibition and present a new kinetic model to describe the AEH catalyzed synthesis of 
cephalexin under a wide range of conditions. To address both substrate inhibition and AEH 
stability, computational protein engineering has been explored. Through use of CaverDock, 
substrate and product shuttling were found to be potentially limited by AEH tunnels which 
could lead to substrate inhibition. FireProt was used to predict mutations that decrease 
protein folding energy and increase overall stability. Several single mutations selected from 
these programs have been the target of stability and cephalexin synthesis activity testing 
and are discussed herein.
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Bifurcation pattern formation in the eye: a new discovery of flow instability with 
applications in healthcare
Amir Hejri, John M Nickerson, Mark R Prausnitz
Oral Session IV (Bio), Gatherly 3F, 10:45 AM, Feb. 16th
Intriguing patterns can spontaneously form when fluid flows at interfaces. This 
phenomenon has been well-documented and studied in the context of Enhanced Oil 
Recovery (EOR), fracking and geophysics with viscous fingering (VF) and hydraulic 
fracturing (HF) instabilities being the classical examples. Here, we report a surprising 
observation of bifurcation pattern formation in a fundamentally different environment: 
the eye. Our findings show that injecting fluid at the interface of flexible ocular tissue 
layers leads to formation of tree-like patterns characterized by “stringy” fingers that 
bifurcate as they grow. This work uncovers a new class of flow instability problems 
in a rich biological system that has not been previously reported.  Aiming to better 
understand the underlying mechanism, we injected various formulations (solutions, 
colloids, suspensions of different particle size and electrostatic charge) into rat eyes 
in vivo and monitored fluid behavior using advanced ocular imaging techniques. Our 
results indicate that patterns arise from the coupled interaction of competing forces in 
the tissue leading to flow with unstable front dynamics. Those interactions include 1) 
viscous forces dictating the dynamics of injected fluid, 2) viscoelastic forces controlling 
the delamination of soft ocular tissue, and 3) adhesion mechanics governing propagation 
of crack front.  These findings can potentially have substantial impacts on treatment of 
eye diseases. In case of gene therapies, for example, the injected fluid contains genetic 
materials; the efficacy of these treatments is directly proportional to the extent of fluid 
spread. Using this new understanding of fluid behavior in the eye, we aim to develop 
novel drug delivery technologies that control fluid distribution and better target the 
diseased cells in the eye.

Targeting adenosine as an immunotherapeutic strategy for cancer 
Maria Jennings, John Blazeck
Oral Session IV (Bio), Gatherly 3F, 11:00 AM, Feb. 16th
Adenosine is a small molecule that counteracts inflammation. Under normal conditions, 
adenosine calms immune cells to allow healing following trauma or infection. Yet 
unlike normal cells, cancer cells generate abnormally high levels of adenosine that 
keep immune cells from destroying them. Additionally, the inflamed tumor landscape 
supports increased expression of adenosine receptors on both cancer and immune cells. 
In tumors, high adenosine concentrations coupled with increased adenosine receptor 
density result in the following: 1) suppressed immune cells are unable to attack tumors, 
and 2) adenosine signaling encourages cancer cells to make more adenosine. I report the 
development of a human enzyme, Homo sapiens adenosine deaminase I (HsADA1), to 
reduce adenosine concentrations in tumors. HsADA1 degrades adenosine so efficiently 
that the process is limited by how quickly adenosine can diffuse into the enzyme 
rather than the enzyme’s ability to act upon it. When administered to mice with tumors, 
HsADA1 slows tumor growth and extends the lifespan of treated mice relative to mice 
provided placebo. Following resolution of HsADA1’s structure, we mutated the enzyme 
for enhanced stability at conditions like those in the body. I will further discuss ongoing 
efforts to better HsADA1 functionality as a cancer therapeutic and the subsequent 
impact on tumor mouse models. From a 30,000-foot view, I intend to demonstrate the 
efficacy of adenosine depletion as a therapeutic strategy for the treatment of solid 
cancers through my work with HsADA1.
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Complex Systems

Quantification and Application of Uncertainties in Transient Kinetic 
Experiments
Adam Yonge, Andrew J. Medford
Oral Session III (System), Gatherly 2F, 8:50 AM, Feb. 16th
Developing an understanding of catalytic materials through kinetic modeling is often 
necessary for the economic and environmental plausibility of chemical production 
facilities. Computational and surface science experiments can help elucidate individual 
elementary processes (bottom-up methods), while batch and PBR experiments can lead 
to models that are highly accurate for narrow ranges of industrial operating conditions 
(top-down methods). Transient experiments, including the Temporal analysis of Products 
(TAP), can offer a useful compromise between the two experimental categories 
(industrially relevant materials in a low-pressure domain). Although there has been a 
recent increase in uncertainty quantification of chemical kinetics, less attention has been 
given in its application to transient experiments. Few attempts have been made to explore 
the uncertainty of TAP reactor experiments, especially. For this reason, we highlight the 
methods developed for determining parameter uncertainties and how they can be utilized 
for model improvement. The various forms of uncertainty present in TAP experiments 
include signal noise, adspecies coverage, pulse delays and intensities, and void fractions. 
The signal noise, which is present in the objective function space, is accounted for through 
the Hessian-based construction of the covariance matrix. The other mentioned sources 
of uncertainty are not directly present in the objective function, but they can be accounted 
for through sensitivity and ensemble-based calculations. The sensitivity approach 
offers a rapid evaluation of parameter uncertainties for normally distributed uncertain 
initial conditions. The ensemble approach accurately, albeit expensively, evaluates the 
uncertainties for any initial condition distribution. Of the sources of uncertainty present, the 
surface coverage and void fraction were found to have the highest impact on parameter 
precision. Although the signal noise was less impactful for this case study, the results are 
subject to change and both methods of analysis will frequently be necessary. 

Training of Stiff Dynamic Process Models via Neural ODEs
William Bradley, Fani Boukouvala
Oral Session III (System), Gatherly 2F, 9:05 AM, Feb. 16th
Model-building has long been an indispensable tool for understanding physio-chemical 
relationships predominant in (bio)chemical systems and for reducing experimental 
workloads.  A common step in developing generalizable models is to fit unmeasured 
parameters to measured data.  However, many ‘direct’ nonlinear regression algorithms 
are computationally slow, rendering the task intractable if sufficient knowledge of the 
parameters to be estimated is not available a priori.  Recently developed machine learning 
(ML) models have demonstrated potential to rapidly fit complex data, yet their low 
interpretability 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, this work evaluates the ability of Neural ODEs to work in 
cooperation with tradition regression algorithms to estimate the parameters of mechanistic 
differential equations.  In this presentation, the robustness of the proposed approach 
will be demonstrated for systems whose true parameters vary over large orders of 
magnitude—a characteristic difficult to account for with traditional solvers.  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.  Concluding the 
presentation will be a discussion on how improved regression methods forecast a future 
for automated model selection.
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Dynamic Modeling and Simulation of Pressures Swing Adsorption Processes 
Using toPSAil
Taehun Kim, Joseph K. Scott
Oral Session III (System), Gatherly 2F, 9:20 AM, Feb. 16th
“An open-source dynamic process simulator for pressure swing adsorption (PSA) 
processes, namely Totally Open Pressure Swing Adsorption Intensification Laboratory 
or toPSAil (pronounced as tάpseil) has recently been developed from Scott research 
group. In this presentation, we will provide a brief overview on the proposed simulation 
framework by highlighting the structure of the code written in MATLAB® as well as its 
general capability and performance in simulating industrially relevant PSA processes.  
While commercial PSA process simulators do exist, e.g., AspenTech’s Aspen Adsorption 
(formally AdSim), AVEVA’s Process Simulation (formerly SimCentral) Adsorption Library, 
PSE’s gPROMS ProcessBuilder Adsorption Library, and ProSim’s Dynamic Adsorption 
Column Simulation, these tools are inherently not suitable for addressing research 
needs due to their proprietary nature. For instance, while it is possible to incorporate 
emerging adsorption isotherm or rate models into these tools, yet there is no clear way 
to easily optimize the numerical performance of the codes, without having access to 
the internals of the programs. Furthermore, addressing practical research needs, such 
as accelerating the convergence to a cyclic steady state or implementing an advanced 
control law as a function of state variables to achieve a specific control action, is beyond 
the scope of these existing tools. Needlessly to say, we cannot access the full suite of 
plotting, debugging, and data processing tools available in an open-source programming 
language. From the literature review, we’ve been observing that there is a lack of clarity 
in the development of a dynamic model for PSA processes. Furthermore, from our own 
experience, it was an undertaking task to develop toPSAil from the scratch. Since lack 
of open-source PSA simulation tool has been identified as a critical barrier for a wide-
spread adoption of PSA technology, we aim to address this by continuing to develop 
toPSAil, which can become the standard open-source PSA process simulator.”

Uncertainty estimation with conformal prediction in atomistic neural network 
potentials
Nicole Hu, Andrew J. Medford
Oral Session IV (System), Gatherly 2F, 10:30 AM, Feb. 16th
Neural network potentials are among the most popular machine learning (ML) potentials 
to simulate a chemical system of interest by learning from density functional theory 
calculations. However, since ML potentials do not bear any physical form, uncertainty 
estimation is crucial to ensuring the reliability of predictions. Established methods for 
uncertainty estimation, such as the ensemble method, the drop-out method, and various 
heuristic distance metrics, are either computationally costly or insufficiently reliable to 
rigorously estimate the uncertainties. In this work, we introduce a new method that uses 
a statistical technique known as conformal prediction (CP) with the distance in the neural 
network’s latent space to estimate uncertainties at low computational costs. With multiple 
benchmarking datasets, we first demonstrate that CP with latent space distance provides 
a quantitatively reliable model for uncertainty estimations compared to the established 
methods. We also verify the validity of CP’s critical property: guaranteed finite sample 
coverage, independent of the hyperparameters (number of nearest neighbors and percent 
of calibration data) or the dataset of choice. We demonstrate that CP can be readily applied 
to previously trained neural network models. We show that the finite sample coverage can 
be varied by pre-fixing the parameter alpha to provide aggressive/conservative prediction 
sets. We further investigated its scalability by applying it to datasets of different sizes. 
The efficiency and general applicability of CP make it a promising strategy for predicting 
uncertainty in many ML applications in chemical simulations.
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Hybrid Modeling Framework by combining physics-based knowledge with 
data-driven modeling
Jinhyeun Kim, Fani Boukouvala, Kamran Paynabar, Christopher Luettgen
Oral Session IV (System), Gatherly 2F, 10:45 AM, Feb. 16th
Scientific and industrial interest in Machine Learning (ML) applications has exploded 
in recent years due to its great potential in better understanding the complex system to 
predict, optimize and control it. While these data-driven techniques significantly improve 
our understanding of the complex system, the important challenges in ML techniques often 
result in false design and analysis of the system. The first challenge is that the model built 
for the training region often does not perform well outside of the training data range and 
is not generalizable.  The second challenge includes that the ML models which rely only 
on data often violate the underlying physics of the system, and thus, lack interpretability. 
Therefore, different methods have been proposed to overcome the challenges. One of 
the key ideas of these approaches is to utilize physics-based knowledge in data-driven 
modeling. These physics-based knowledge/models include the mathematical models 
and algorithms that are based on physics to understand and explain complex systems. 
Recently, different approaches have been proposed and validated that proper design 
and analysis of this hybridization approach with the physics-based models and the 
data-driven models can help build a more robust model. In this work, we propose a new 
hybrid approach under the Gaussian Process Regression (GPR) framework. We combine 
the physics-based knowledge with this data-driven technique in a way of estimating the 
physics-based points indirectly from the physics-based knowledge and updating the data-
driven model sequentially. Here, we use the useful properties of Gaussian Processes (i.e., 
a linear transformation of a GP also follows a GP). Our results show that this approach 
can increase the prediction performance while reducing the prediction uncertainty when 
compared to standard GPR which do not utilize physics-based knowledge.

Embedding Microkinetic Modeling into Physics-Informed Neural Networks
Gabriel Sabenca Gusmao, Andrew J. Medford
Oral Session IV (System), Gatherly 2F, 11:00 AM, Feb. 16th
Unveiling the elementary processes of heterogeneous catalytic systems remains an 
arduous and frequently unattainable task. The comprehensive mathematical description of 
such processes is pivotal to the rational design of catalytic materials and optimal operation 
of chemical processes. The ongoing progress in operando-spectroscopic techniques has 
allowed for more in-depth inference of chemical systems’ states over time-on-stream. 
Nevertheless, standard mathematical methods for the estimation of model parameters 
based on transient data suffer from the high-dimensionality of intermediate chemicals 
states and physical model parameters. In this work, we present an algebraic framework for 
the representation and dimensionality reduction of microkinetic models (MKMs) and their 
associated ordinary differential equations (ODEs). Furthermore, we rely on the universal 
approximation theorem that allows artificial neural networks to be used as a basis for the 
solution of ODEs, approximating states and derivatives in the so-called physics-informed 
neural networks (PINNs). In conjunction, the MKM algebraic framework and the PINNs 
representation of kinetic ODEs allow for the solution of forward and inverse problems 
related to transient chemical systems. Such methods may assist in the elucidation 
of reaction mechanisms based on the temporal evolution of catalysts states under 
reaction conditions. Furthermore, they pave the way for flexible neural network-based 
frameworks with building blocks for the construction of hybrid models that combine purely 
phenomenological and machine-learning elements.
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Energy and Sustainability

Selective Oxidative Conversion of Esterification-induced Lignin Towards 
Aromatic Acids
Wenbo Peng, Zhaohui Tong
Oral Session I (Energy & Bio), Gatherly 3F, 9:00 AM, Feb. 15th
As the most abundant aromatic polymer resource in nature, lignin has great potential to 
produce bio-based aromatic acids (e.g., p-hydroxybenzoic acid, vanillic acid and syringic 
acid). However, methods with an easy-to-separate form with a relatively decent yield 
has not been achieved yet. Therefore, there is a need for a compelling and commercially 
feasible process that selectively depolymerizes lignin to targeted special chemicals. In 
this work, a cost-efficient method for upgrading lignin into a variety of aromatic acids is 
proposed. Firstly, a comparative study among three different metal-free catalysts were 
performed to depolymerize lignin to low-molecular-weight aromatics, and graphene oxide 
exhibited the best catalytic activity in depolymerizing lignin to aromatic aldehydes under a 
relatively mild condition. Secondly, a protective acetylation step with acetic anhydride, and 
an oxidation step with urea hydrogen peroxide (UHP), was developed to selectively convert 
these aromatic aldehydes to the targeted aromatic acids with excellent yield (>85 wt%).  
Using this method, lignin extracted from poplar and sweet sorghum were converted into 
the desired phenolic acids with excellent isolated yields (>15 wt%). Thirdly, we proposed 
the mechanisms which gave a good explanation to each step in this upgradation methods. 
Finally, Density-functional theory (DFT) method is adopted to calculate the energy barriers 
of each possible reaction routes, and elucidate the roles which the catalyst, water, oxygen 
and other solvents may play in this mechanism.

Co-transport of water and p-xylene through carbon molecular sieve 
membranes
Young Hee Yoon, Ryan Lively
Oral Session I (Energy & Bio), Gatherly 3F, 9:15 AM, Feb. 15th
Carbon molecular sieve (CMS) is a promising material for scalable and high-performance 
reverse osmosis membranes for its impressive chemical and thermal stabilities. 
Understanding complex membrane separation involving molecular transport in confined 
microporous spaces is a crucial research area for various membrane separation 
processes. The transport of water and organic mixtures is one of the important examples 
in which the transport via CMS microstructures is poorly understood. The separation of 
water and the small-molecule organic solvent is a challenge in industrial applications 
such as purification of produced water, purification of pharmaceutical intermediate in 
the presence of water, and water removal from black liquor. The amorphous nature of the 
CMS microstructure results in significant difficulties in using computational modeling 
of the molecular transport mechanism. As a result, an experimental study of water and 
organic solvent transport in CMS membranes is pursued here. This work explored the 
sorption, diffusion, and permeation of organic compounds and water in polyvinylidene 
fluoride (PVDF) derived CMS (PVDF-CMS). The comparison between the modeled and 
experimental transport studies shows how the penetrant properties such as polarity and 
molecular size affect the permeability and selectivity in the CMS. Basic transport and 
sorption parameters are utilized to estimate how water-organic mixtures will transport in 
a CMS membrane. The transport of water in CMS was experimentally confirmed to follow 
the sorption-diffusion (S-D) mechanism. S-D modeled ideal-permselectivity showed CMS 
is p-xylene selective over water. Pure component water permeation was determined to 
be controlled by sorption. The pure component p-xylene permeation was observed to 
be slightly more controlled by diffusion. Mixture permeation experiments unexpectedly 
demonstrated an increase in the selectivity of p-xylene over water, presenting preliminary 
evidence for a competitive sorption-selective separation mechanism. The findings 
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reported here emphasize the potential for removing the dilute organics in water using CMS 
pervaporation membranes.

Developing Hierarchical Silica Composites for Atmospheric Water Harvesting
Carmen Chen, Krista S. Walton
Oral Session II (Energy), Gatherly 2F, 2:45 PM, Feb. 15th
Currently, one of the main ways to produce freshwater in arid regions is desalination. 
There exists several issues with desalination however, including high processing costs, 
and in landlocked regions with no easy access to seawater, unfeasible transportation 
costs. As such, researchers have turned their efforts towards exploiting a nearly 
unlimited source of water: water vapor in the atmosphere. Water vapor in the atmosphere 
can be collected through a technique called atmospheric water harvesting (AWH). 
AWH is often carried out by fog harvesting, dewing, or adsorption. However, neither fog 
harvesting nor dewing are viable in arid climates. Adsorption of water vapor is possible 
in these climates, but some adsorbents have low water capacities or higher regeneration 
costs. Alternative water adsorbents include hierarchical silicas (HS). HS consists of 
pores ranging from tiny micropores to intermediate mesopores to large macropores. 
The substantial amount of accessible pore space in HS allows for a large amount of 
water vapor to be adsorbed into the material. However, at low relative humidity, HS will 
not adsorb very much water vapor. To enhance water adsorption behavior of HS in arid 
conditions, hygroscopic salts were systematically incorporated into its pores using a 
wet impregnation method. Hygroscopic salt impregnated into the porous structure was 
characterized using Graphite Furnace Atomic Absorption Spectroscopy (GFAAS) to 
optimize salt impregnation and thus water vapor uptake in the HS materials. Furthermore, 
two synthesis methods were developed and optimized to increase mesopore formation 
in HS. The increased ratio of mesopores-to-micropores in the salt impregnated HS 
composite material led to improved water adsorption kinetics while still reaching high 
uptake. From our water adsorption studies, we observed that HS inserted with an 
optimum amount of hygroscopic salt can achieve a water vapor capacity significantly 
higher than that of unmodified HS.

Manipulating Interfacial Chemistry for Creation of Robust Magnetite Anodes in 
Lithium Ion Batteries
Miguel Gonzalez, Thomas Fuller, Elsa Reichmanis
Oral Session II (Energy), Gatherly 2F, 3:00 PM, Feb. 15th
Rational design of battery systems with specific performance characteristics are needed 
to meet the growing, diverse needs of energy storage as batteries penetrate a range 
of sectors from automobiles to consumer electronics, among others. Next-generation 
batteries rely on chemistries that could increase current capacity by 3x-10x compared to 
commercially available graphite electrodes. However, these new chemistries often have 
low capacity retention and battery life due to drastic volume expansions that pulverize the 
electrode, delaminate electrical contact and promote unstable SEI layer growth. To address 
these shortcomings, we surface modified magnetite particles with distinct molecular 
entities containing different electronic and ionic conductivities and investigated how the 
local surface environment affected key battery characteristics such as capacity retention, 
rate capability, and electrode impedance. Using direct covalent attachment of poly 
[3-(4-carboxypropyl)thiophene] onto magnetite nanoparticles via a Fischer esterification 
scheme, we showed the creation of robust anodes with low charge transfer resistances, 
excellent charge capacity retention at 0.3 C, and robust charge capabilities/specific 
capacities. We created robust electrodes with enhanced electrical pathways that highly 
improve existing magnetite anodes. The functionalization strategies used here rely on 
manipulating the native hydroxide layer of the active material, and thus can be applied to 
various different conversion-type electrode materials. This work contributes to the growing 
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toolset of chemical techniques to modify active materials to create battery systems with 
specific performance characteristics and gives rise to important design considerations 
when creating next-generation battery anodes.

Effect of SO2 on CO2 capture performance of self-supported branched 
poly(ethyleneimine) scaffolds
Pavithra Narayanan, Christopher Jones, Ryan Lively
Oral Session II (Energy), Gatherly 2F, 3:15 PM, Feb. 15th
The separation of CO2 from post-combustion flue gas is a critical component in global 
carbon emission control and climate change mitigation. Structured contactors in the 
form of monoliths for CO2 capture combat the high energy consumption and corrosion 
rate observed in traditionally used aqueous amine solvents and offer a low pressure drop 
in comparison to pellet or powder adsorbents. Amine materials have shown improved 
sorption capacities in the presence of humidity, compared to other nanoporous materials 
such as metal organic frameworks (MOFs) and zeolites. Two critical challenges in 
developing cost-effective amine-based adsorbents for CO2 capture from flue gas are the 
presence of a support material that contains the added amine molecules or oligomers, 
which increases energy requirements during thermal regeneration, and the presence of 
acid gas impurities such as SO2 in the feed stream that can reduce the lifetime of the 
sorbent. In this work, we synthesized a self-supported monolithic sorbent by crosslinking 
poly(ethyleneimine) (PEI) at sub-ambient temperatures using an ice templating method. 
Scanning electron microscopy (SEM) confirms the presence of ice-induced porosity, 
which is influenced by the temperature of crosslinking and the concentration of PEI. 
The ratio of CO2 adsorption capacity to SO2 adsorption capacity for the synthesized PEI 
scaffolds was 1.5 in alternating exposures to 10% CO2 and 200 ppm SO2, in comparison 
to a ratio of 0.86 obtained for a powdered sorbent of PEI impregnated in inorganic silica 
support. Further, the temperature and degree of crosslinking can be tuned to improve the 
selectivity for CO2 by at least 57%. Additionally, with a sorbent lifetime of over 15 cycles 
in the presence of SO2, the crosslinked PEI scaffolds are promising materials for CO2 
capture from flue gas with scope for improvement by optimizing the cycle time. 

Fabrics for improved dewatering
Sumner Dudick, Victor Breedveld
Oral Session II (Energy), Gatherly 2F, 3:30 PM, Feb. 15th
Globally, the manufacture of paper products consumes 8.4 quadrillion BTU of energy each 
year, about as much as the entire nation of France. An astounding 50% of the energy in a 
papermill is used in just one single process—evaporative drying. If papermakers could find 
a way to press more water out of the sheet (dewatering), prior to drying, immense energy 
savings could be achieved. One major limitation of the dewatering process—known since 
the 60’s but never solved—is that the press fabric releases water back to the paper after 
pressing. This is called “rewet.” In this work, we develop and optimize a novel approach 
to eliminating rewet that works by rupturing the liquid channels between felt and web. We 
illustrate the effects that altering the mechanical and surface properties of the press felt 
matrix have on the stability of these liquid channels. In addition to measuring the moisture 
content of pressed sheets, we capture and analyze video evidence of the mechanisms 
at play in our improved dewatering technology.  Our redesigned press fabric reduces the 
residual water content of pressed paper by 30-40%, compared to the current state of the 
art. That directly translates into energy savings and a more sustainable industry. Because 
the new technology is essentially a drop-in replacement for the current process, we expect 
easy and rapid adoption. Considering the savings in energy costs and increased production 
from debottlenecking the dryers, the annual financial impact could be on the order of 1 
billion dollars.
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Direct air capture of CO2 using poly(ethylenimine)-functionalized polymer/silica 
laminate sorbents
Youn Ji Min, Christopher Jones
Oral Session II (Energy), Gatherly 2F, 4:00 PM, Feb. 15th
Direct air capture of CO2 (DAC) has gained attention as one of the potentially promising 
net negative emission technologies to mitigate global climate change. Furthermore, DAC 
is not location-specific, thus can be coupled with utilization applications by providing 
on-site CO2 production. Solid-supported amine adsorbents are potential candidates 
for DAC application, as they have thermodynamically advantageous interactions with 
CO2 and can be effectively regenerated at relatively low temperatures ~ 60 -100 °C. 
Traditionally, such solid adsorbents have been evaluated in the laboratory in a fixed bed 
configuration where the bed consists of dispersed pellets of the adsorbents. However, 
this configuration is not scalable for DAC, due to the high pressure drops associated with 
fixed beds. A more recently developed configuration is to disperse adsorbent particles in 
structures having efficient air flow with modest pressure drop, such as fibers, monoliths 
and laminates. These structured sorbents can process enormous volumes of air rapidly 
with lower energy consumption and high productivity. The objective of this work is 
to develop novel structured sorbents from expanded PTFE (ePTFE) with embedded 
aminosilica adsorbents. Poly(ethylenimine) can be effectively used to functionalize 
ePTFE/silica laminate materials by wet-impregnation. This novel sorbent, comprised of 
PEI physically impregnated in a porous silica support contained within sheet-like ePTFE, 
was found to be effective in capturing CO2 using ultra-dilute, 400 ppm CO2/He flows 
simulating the ambient CO2 level in the atmosphere.  These sorbents achieved sorption 
capacities of up to 1.5 mol CO2/kgsorbent at 35 °C with 80 % silica pore-filling by PEI. 
The new material also showed the capability to adsorb and desorb CO2 effectively over 
30 cycles in repeated thermal cycling. Based on these experimental result, specific 
electrical and thermal energy requirements for temperature swing adsorption were 
estimated and the results demonstrate the potential applicability of the novel sorbent for 
DAC applications.

Fundamentals of aqueous phase reforming: Active sites, solvent effects, and 
deactivation
Bryan Hare, Carsten Sievers
Oral Session II (Energy), Gatherly 2F, 4:15 PM, Feb. 15th
Hydrogen is an essential commodity for the chemical industry and sustainable 
processes. Aqueous phase reforming (APR) is a catalytic process that converts polyols 
(CxH2x+2Ox) and monosaccharides derived from biomass into H2 and CO2. However, 
H2 yields severely decrease with increasing oxygenate size: methanol ≈ ethylene glycol > 
glycerol > sorbitol > glucose. Significant H2 yields are accomplished through a particular 
reaction sequence: dehydrogenation, decarbonylation, and the water-gas shift. Our goal 
is to isolate reactions and surface chemistry of different phenomena occurring in APR 
for improved understanding of the catalytic mechanism. This includes determining active 
sites (i.e. terraces, edges of metal particles) for elementary reactions, contemplating 
the effects of co-adsorbed H2O (e.g., solvation or inhibition), and identifying chemical 
poisons originating from side reactions involving C≥3 oxygenates. Surface chemistry on 
Pt/γ-Al2O3 was probed using infrared spectroscopy and reagent vapors in high vacuum 
cells. Employing methanol isolated the dehydrogenation reaction, resulting in a strong 
IR band within 1900 – 2100 cm-1 representing adsorbed carbon monoxide bound in an 
atop orientation (COL). The time- and temperature-dependent features of the COL band 
(integrals, frequency, etc.) reveal a kinetic preference for highly coordinated Pt. An array 
of ketones and diketones (α, β, γ) were used to isolate the decarbonylation reaction and 
replicate surface species we suspect to be behind reduced APR activity. The poisoning 
extents of these species were gauged by observation of the COL band during subsequent 
methanol dehydrogenation and the acquisition of adsorption isotherms using high 
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performance liquid chromatography. Both strongly bound poisons and certain fragments 
from decarbonylation are believed to poison Pt surfaces. Density functional theory 
was also used to calculate the binding energies and configurations of these poisons on 
Pt(111) slabs. Using spectroscopy to further understand APR catalysis fundamentals will 
facilitate improvements in catalyst designs and sustainable H2 production.

Advancing Numerical Methods for Solving Coupled Multicomponent Fluxes for 
Complex Mixtures Across Asymmetric Membranes
Dylan Weber, Joseph Scott
Oral Session II (Energy), Gatherly 2F, 4:30 PM, Feb. 15th
Membrane processes are becoming an increasingly attractive option for many industrial 
chemical separations. Relevant applications include water purification, carbon capture, 
hydrogen separation, olefin/paraffin separation, and benzene derivative concentration. 
Additionally, many membrane materials are being used, including highly selective 
zeolites, carbon nanotubes, ionic polymers, mixed-matrix MOF/polymers, graphene-
oxides, and other specialty polymers. Despite recent advances in membrane processes, 
widespread industrial adoption of membranes is still computationally hindered by 
the lack of efficient and reliable numerical solution methods that are compatible with 
standard process simulation environments and enable technoeconomic comparison of 
membrane and non-membrane processes on a consistent basis. In this presentation, 
we conclude our proposed numerical methods for computing the fluxes of complex 
multicomponent mixtures across asymmetric membranes are the most accurate and 
robust when compared to the current published simulation methods. To capture the 
thermodynamic non-idealities and coupled diffusion processes occurring in such 
mixtures, these fluxes must be modeled using a Maxwell-Stefan framework. In general, 
this leads to a challenging two-point boundary value problem in differential-algebraic 
equations. From our extensive collaborative efforts with the Lively group at GT, we have 
identified certain physical features, such as the presence of highly nonideal sorption 
thermodynamics, strong cross-diffusional coupling, and/or components with very low 
membrane compositions, that have a very significant impact on the required solution 
strategy.  Herein, we review several numerical solutions approaches, from the simplest 
to the most complex, and provide both numerical results and physical insights indicating 
when and why each solution algorithm is most efficient and reliable for the simulation of 
asymmetric membrane transport within process simulation environments.

Adsorption Processes for Recovery and Enrichment of Organic Acids from 
Kraft Black Liquor
Qiang Fu, Sankar Nair
Oral Session II (Energy), Gatherly 2F, 4:45 PM, Feb. 15th
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, carbohydrate-derived organic acids 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. The organic acids are C1-C6 molecules with 
1-2 COOH groups and 0-4 hydroxyl groups, thus comprising both hydroxy acids and 
conventional carboxylic acids. These acids could be valorized either as a bioderived 
feedstock for biofuels and biobased chemicals production, or further fractionated to 
produce specific high-value carboxylic acids from the mixture. However, both these 
routes require a viable process to separate carboxylic acids from BL.  In this talk we 
will discuss the adsorption properties of activated carbon adsorbents for separation of 
organic acids from the other constituents (inorganics, water) of kraft black liquor, and 
the development of an adsorption-based process for recovery and enrichment of organic 
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acids. We present comprehensive packed-bed column adsorption measurements and 
analysis to thoroughly characterize the multicomponent adsorption phenomena and 
develop a cyclic operation scheme for the adsorption process. Methanol is used as a 
desorbent in this process. We have successfully obtained enriched organic acid mixtures 
(12-15 wt% on desorbent-free basis) in a single-stage operation with extended cyclic 
experiments. The productivity and selectivity of the adsorption process will be discussed 
in detail. 

Materials and Nanotechnology

Molecular Simulation of Adsorption and Diffusion in Nanoporous Amorphous 
Materials
Raghuram Thyagarajan, David Sholl
Oral Session I (Materials), Gatherly 2F, 9:00 AM, Feb. 15th
The development of publicly available materials databases for materials including 
zeolites (IZA-SC), metal organic frameworks (CoRE-MOF), and inorganic materials 
(The Materials Project) has been a key enabler of high-throughput computational 
screening and data-driven discovery of materials for potential use in new technologies. 
We recently introduced a similar database for structures of porous rigid amorphous 
materials, an important class of materials for which no such resource was available. 
The database includes atomically detailed structures of disordered materials like 
amorphous carbons, kerogens, hyper-cross-linked polymers etc. generated using a 
wide range of simulation techniques by multiple research groups. We present extensive 
computational analyses for material characterization by calculating a series of scalar 
(e.g., accessible surface area) and vector (e.g., pore size distribution) descriptors. A 
variety of gas adsorption isotherms for both single component and binary mixtures are 
predicted for each structure. We also discuss the agreement between binary adsorption 
data and predictions from the Ideal Adsorbed Solution Theory.   In addition to adsorption 
isotherms, we have computed the diffusion coefficients of CH4 and CO2 in several of 
these structures. We present a diverse collection of molecular diffusivities in amorphous 
materials and examine their concentration dependence by comparing data from 
adsorption and diffusion simulations. 

Flow-assisted Solution Coating of Thin-film Libraries for High-Throughput 
Discovery of Polymer Blends
Aaron Liu, Martha Grover, Carson Meredith, and Elsa Reichmanis (Lehigh)
Oral Session I (Materials), Gatherly 2F, 9:15 AM, Feb. 15th
As many research methodologies traditionally demand a considerable investment 
in time and resources, materials informatics approaches have emerged as a key 
development focus in enabling accelerated materials discovery. Such approaches, 
which often leverage machine learning and advanced data analytics techniques, require 
sufficiently large experimental datasets. In some materials systems, high-throughput 
experimentation methods can potentially bridge this small data gap by accelerating the 
curation of laboratory data. For developing polymer materials, one protocol is to enable 
the deposition of combinatorial thin-film libraries that can be rapidly characterized 
within the parameter space of interest. However, the need to overcome unfavorable 
polymer-solvent interactions at ambient conditions among other processing challenges 
can impede the ability to generate such polymer libraries. These challenges are 
demonstrated in the case of polypropylene (PP) composites, which typically require 
melt or aggressive solvent processing to develop; similar systems are therefore not 
typically suitable for high throughput experimentation. To overcome these obstacles, 
this work demonstrates an automated flow system capable of operation up to 120°C 
for the solution-casting of polymer thin-films. The system includes a custom mixer 
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module suitable for effective mixing of polymer solutions under solvent use or elevated 
temperatures. Residence time distribution modeling was leveraged to successfully 
inform flow conditions and generate composition gradient films based on poly(3-
hexylthiophene), poly(styrene), and/or poly(propylene). These composition libraries were 
interrogated using high-throughput property measurements and mapped to spatially 
resolved composition measurements. These results display the feasibility of our gradient 
film approach as a key component within informatics-driven workflows for high-
performance coatings, plastics, and clean energy materials.

Examining the Interplay Between Side Chain Substitution Symmetry and 
Polarity in Electrochemical Doping of Dioxythiophene Copolymers
Marlow Durbin, Natalie Stingelin
Oral Session I (Materials), Gatherly 2F, 9:30 AM, Feb. 15th
Redox active π-conjugated polymers are a class of electrically conducting or 
semiconducting organic materials with promise in energy storage devices, 
electrochromics and bioelectronics. While electrolyte sorption and physical swelling 
are thought to have strong implications for these materials’ “mixed” ion- and electron/
hole-conductivity, few design principles exist relating polymer chemical structure to 
electrolyte interactions. Here we explore poly(3,4-propylenedioxythiophene) (“ProDOT”) 
polymers and copolymers functionalized with polar and/or apolar side chains of varying 
length and substitution pattern. Upon electrochemical doping/dedoping in a polar 
organic electrolyte, ProDOTs decorated with spaced oligoether sidechains exhibit 
extreme levels of swelling and irreversible electrolyte uptake, likely contributing to active 
material loss. When ethylhexyl sidechains alternate with or replace oligoether sidechains, 
swelling is moderated, and gravimetric stability is increased.  In apolar-functionalized 
ProDOTs, distributing sidechains across all repeat units decreases passive swelling 
but increases optical and gravimetric break-in effects, suggesting that symmetric 
substitution results in chain local reordering following electrolyte ingress and expulsion. 
The character of ProDOT-organic electrolyte interactions can thus be manipulated with 
careful sidechain selection, establishing new structure-property relations to control 
electron/hole and mass transport properties that are crucial in materials for devices from 
supercapacitors to organic electrochemical transistors.

Screening solvents for desired polymorph selection: A solution thermodynamics 
study
Rupanjali Gurprasad Fnu, Martha Grover, Ronald Rousseau
Oral Session I (Materials), Gatherly 2F, 9:45 AM, Feb. 15th
Polymorphism is defined as the ability of a compound to exist in multiple crystal 
structures due to differential molecular packing. When water or solvent molecules 
get entrapped in a compound’s crystal lattice, the resulting structures are known as 
hydrates or solvates, respectively. These hydrated or solvated crystal structures are 
commonly referred to as pseudo-polymorphs. Pharmaceutical drugs can exist as 
various polymorphs or pseudo-polymorphs, which can have a significant impact on the 
drug’s solubility, and therefore its bioavailability. Hence, understanding the polymorphic 
landscape and occurrence domain of a pharmaceutically relevant compound is 
critical for polymorph selection during drug development and scale-up.  In the present 
work, the solubility of a drug (BMS-817399) in several solvents (ethanol, isopropanol, 
acetonitrile, and acetone) was determined utilizing polythermal crystallization studies on 
a small scale (0.5-1 mL). The compound BMS-817399 exists as a hydrate (starting raw 
material) and different solvates, however the anhydrous form is desirable for scale-up. 
Hence, to identify suitable solvents for crystallization of the desired form, dissolution 
thermodynamics of the compound was estimated by modeling the solubility data 
using the van’t Hoff equation. Initial results suggest that dissolution properties such 
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as enthalpy of dissolution (Hdiss) can be utilized as a descriptor to identify solvents 
that may be conducive for crystallization of a different polymorph. For example, the 
enthalpy of dissolution in acetonitrile was estimated to be around 80 kJ/mole which 
was almost four times higher when compared to dissolution in ethanol or iso-propanol. 
Interestingly, during cooling crystallization studies in acetonitrile at a larger scale (100 
mL), a novel polymorph (Form X) was identified. A higher dissolution enthalpy indicates 
that homogeneous intermolecular interactions (solute-solute and solvent-solvent) are 
preferred with respect to heterogeneous intermolecular interactions (solute-solvent) in 
solution. Hence, it is possible that an altered molecular assembly during nucleation may 
have led to a distinct polymorph due to enhanced solute-solute interactions.

Incorporating flexibility effect into Metal-Organic Frameworks adsorption 
simulation
Zhenzi Yu, David Sholl
Oral Session II (Bio & Materials), Gatherly 3F, 3:00 PM, Feb. 15th
High-throughput calculations based on molecular simulations to predict the adsorption of 
molecules inside metal-organic frameworks (MOFs) have become a useful complement 
to experimental efforts to identify promising adsorbents for chemical separations and 
storage. For computational convenience, all existing efforts of this kind have relied on 
simulations in which the MOF framework is approximated as rigid.  In this work, we use 
extensive adsorption-relaxation simulations that fully include MOF flexibility effects to 
explore the validity of the rigid framework approximation. We also examine the accuracy 
of several approximate methods to incorporate framework flexibility that are more 
computationally efficient than adsorption-relaxation calculations. We first benchmark 
various models of MOF framework flexibility for four MOFs with well-established CO2 
experimental consensus isotherms. We then consider a range of adsorption properties, 
including Henry’s constants, non-dilute loadings, and adsorption selectivity, for seven 
adsorbates in 15 MOFs randomly selected from the CoRE MOF database. Our results 
indicate that in many MOFs, adsorption-relaxation simulations are necessary to make 
quantitative predictions of adsorption, particularly for adsorption at dilute concentrations, 
although more standard calculations based on rigid structures can provide useful 
information. Finally, we investigate whether a correlation exists between the elastic 
properties of empty MOFs and the importance of including framework flexibility in 
making accurate predictions of molecular adsorption. Our results did not identify a simple 
correlation of this type. 

Minimizing oxygen permeability of cellulose/chitin nanomaterials as multilayer 
coatings by tuning chitin deacetylation
Yue Ji, Carson Meredith
Oral Session II (Bio & Materials), Gatherly 3F, 3:15 PM, Feb. 15th
Cellulose nanocrystals (CNCs) and chitin nanowhiskers (ChNWs) have high strengths 
and low oxygen permeabilities (OP), providing a sustainable substitute for petroleum-
based plastics in food packaging applications. Their aqueous suspensions can be 
applied as coatings on a substrate film and function as an oxygen barrier. Because 
partially deacetylated chitin is cationic in acidic solution while sulfate-modified cellulose 
is anionic, the electrostatic attraction between the opposite charges may allow the 
fabrication of their nanomaterials into multilayered coatings.  In this work, ChNWs and 
CNCs were spray-coated on cellulose acetate (CA) film alternately as a bilayer oxygen 
barrier. The deacetylation of chitin was optimized to minimize the OP of the coated 
film by applying the Taguchi method for the design of experiment. Three parameters 
influencing the deacetylation reaction were adjusted: concentration of sodium hydroxide, 
reaction temperature, and reaction time. We show that preparing ChNW more aggressive 
deacetylation conditions can shorten the nanowhiskers and increase the surface charge, 
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which lowers the OP of the coated film. The OP decreased from 1550 cm3∙μm/m2/day/
kPa for uncoated CA, to 132-16.7 cm3∙μm/m2/day/kPa for a coated film. The optimal 
result is comparable to the OP of commercial oriented poly(ethylene terephthalate). In 
addition, with only ~10% decrease in the ultimate tensile strength and no significant 
loss in failure strain, the ChNW-CNC coating resulted in ~20% decrease in WVTR in 
comparison to uncoated CA films. Furthermore, we present the preliminary results of 
improving the oxygen barrier property of the multilayer film by tuning the spray coating 
temperature (Tspray) and the post thermal treatment temperature (Tthermal). The OP 
decreased 48% and 62% by increasing the Tspray from 40 to 100℃ and increasing the 
Tthermal from 40 to 140℃, respectively, without significant influences on the mechanical 
properties. 

Predicting Molecular Diffusion in Metal Organic Frameworks
Yuhan Yang, David Sholl
Oral Session II (Bio & Materials), Gatherly 3F, 3:30 PM, Feb. 15th
Membrane-based separations based on nanoporous materials rely crucially on molecular 
diffusion in these materials. Unfortunately, knowledge of diffusion is still limited to small 
group of the very large number of nanoporous materials that are interesting candidates 
for membrane separations. To diversify nanoporous materials-based separation based 
on MOFs we built up a large diverse library and used molecular dynamics (MD) simulation 
to comprehensively understand how the pore structures and molecule species influence 
molecular diffusion. 17 representative MOFs were chosen from the CoRE MOF database 
and 12 adsorbate molecules covering different size, shape, polarity and flexibility are 
selected. UFF4MOF was employed to describe the interactions between the framework 
atoms.  Comparisons with experimental crystal structures and with DFT-relaxed structures 
indicated that UFF4MOF gave satisfactory predictions of the MOF structures. Dynamically 
corrected transition-state theory methods (dcTST) was used to predict diffusivities of 
slow diffusing systems. Umbrella sampling combined with the one-dimensional weighted 
histogram analysis method (WHAM) was employed to calculate the diffusion free energy 
barriers.  Our results make it possible for the first time to systematically compare molecular 
diffusivities for a library of molecules in a diverse range of MOFs with calculations that 
fully incorporate framework flexibility. In many cases, framework flexibility has a strong 
impact on molecular diffusion. Descriptors based only on the properties of empty MOFs 
were not able to capture the effects of framework flexibility even qualitatively. In contrast, 
the average window size in the presence of a constrained molecule was found to be useful 
for predicting self-diffusivities in flexible framewors. A transferable descriptor of adsorbate 
size in diffusion was introduced to efficiently estimate loaded window sizes for diverse 
collections of molecules. These results provide practical approaches to develop methods 
that could be used in accurate high-throughput screening of large libraries of nanoporous 
structures and molecules for kinetic separations.

A systematic study of N-modified UiO-66 type MOFs for SO2 adsorption
Chengzhai Wang, Krista Walton
Oral Session II (Bio & Materials), Gatherly 3F, 4:00 PM, Feb. 15th
SO2 presents a threat to human health, industrial processes, and the environment. 
Metal-organic frameworks (MOFs) have been shown to be promising candidates for SO2 
adsorption due to their large surface area and structural tunability. However, efficiency, 
selectivity, and cyclability of SO2 capture present challenges that no group of MOFs has yet 
satisfied. Here, we report a series of N-modified MOFs synthesized with ligands containing 
different N sites. The introduced N sites with lone pair electrons will enhance the SO2 
capacities for these MOFs at various degrees due to the different levels of binding strength 
between N sites and adsorbed SO2 molecules. Powder X-ray diffraction results confirm 
that N-modified MOFs possess the same topology and show strong chemical stability 
to SO2. SO2 adsorption from a stream of 0.1% SO2 in balance N2 was measured using 
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home-built breakthrough system. The results showed that except for UiO-66-NO2, all the 
other N-modified UiO-66 MOFs presented higher SO2 loadings. For example, UiO-66-2,5-
PDC (pyridine-modified UiO-66) adsorbed 0.997 mmol/g of SO2, a loading six times higher 
than that of pristine UiO-66 (0.13 mmol/g). This talk will present SO2 adsorption results for 
this family MOFs, and the mechanism governing the adsorption process will be explored 
through in-situ infrared spectroscopy (in-situ IR) and X-ray photoelectron spectroscopy 
(XPS) experiments. The results suggest that the introduced N sites can act as favorable 
adsorption sites for SO2. Additional density functional theory (DFT) simulation reveals 
which type of N sites exhibit the best SO2 adsorption behavior. Overall, this study provides 
insights into establishing basic rules for the design of MOFs with N-containing functional 
groups for SO2 adsorption.

Controlled Demolition and Reconstruction of Metal-Organic Frameworks by 
Acid Gas Treatment and Linker Insertion
Arvind Ganesan, Sankar Nair
Oral Session II (Bio & Materials), Gatherly 3F, 4:15 PM, Feb. 15th
The metal ion-organic linker coordination bond of Metal-Organic Frameworks (MOFs) 
is often unstable in acid gas environments (such as dry or humid CO2, SO2, NO2).  The 
associated bond cleavage leads to loss of crystallinity and porosity. Recently, a method 
called “Solvent-Assisted Crystal Redemption” (SACRed) has demonstrated the controlled 
degradation of an existing ‘template’ MOF (such as ZIF-8) with humid SO2, followed 
by treatment with a native or non-native fresh linker solution to yield a reconstructed 
ZIF-8 or hybrid ZIF-8 containing non-native linkers respectively. In the present talk, we 
discuss how to expand and generalize the controlled demolition and reconstruction 
concept to a broader range of ZIF/MOF materials, thereby allowing a more general 
technique to synthesize MOFs that are otherwise difficult to obtain by conventional de 
novo synthesis or linker exchange methods.  In particular, we have investigated the use 
of several MOF templates of different classes (several ZIF and UiO materials), and the 
effects of controlled demolition with different kinds of acid gases (SO2 and NO2¬ in 
dry and humid conditions). The extent of room temperature exposure for each MOF-
acid gas pair is chosen to cause significant degradation. SACRed recovery protocols 
designed for each degraded MOF display significant recovery of crystallinity and 
porosity in all cases. The distinctive physical and chemical modifications occurring in 
the degraded and recovered MOFs are studied by spectroscopic, crystallographic, and 
pore texture analysis techniques. The findings can enable us to construct a more general 
set of guidelines for applying this technique for reconstructing damaged MOFs and for 
synthesizing new MOFs that are otherwise difficult to synthesize conventionally (e.g., due 
to kinetic or thermodynamic barriers).  Potential practical uses of this approach include 
the regeneration of MOFs after prolonged use and insertion of functional new linkers to 
obtain improved adsorption and diffusion properties.  

Determining CO2/CH4 Binary Adsorption Selectivities in H2S-exposed Metal-
organic Frameworks for Biogas Purification
Chunyi Li, Ryan Lively
Oral Session II (Bio & Materials), Gatherly 3F, 4:30 PM, Feb. 15th
Biogas is a promising alternative to natural gas as the global energy sources shift from 
fossil fuels to renewables. To reduce Greenhouse Gas release from biogas and prevent 
pipeline corrosion and catalyst poisoning in the transport and downstream process of 
biogas, removal of H2S and CO2 is critical. Using metal-organic frameworks (MOFs) in 
adsorption processes is less energy-intensive compared to traditional acid gas removal 
methods involving liquid scrubbing. Much research to date has focused on measuring 
single-component adsorption isotherms and predicting the mixture selectivity using the 
Ideal Adsorbed Solution Theory (IAST). As the functional groups and unsaturated metal 
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sites often interact with quadrupolar CO2 molecules more strongly than CH4 or N2, IAST 
predictions may not capture the nonideal adsorption behavior. Thus, understanding the 
mixture adsorption performance is valuable in adsorption process design and adsorbent 
selection. This work aims to measure the binary adsorption uptakes CO2/CH4 in MIL-
125-NH2(Ti) and mmen-Mg2(dobpdc) post H2S exposure. A zero-length column method 
is used, where a small amount of MOF is first saturated with the gas mixture of interest. 
Then the mixture gas is desorbed using an inert gas under equilibrium conditions. A 
mass spectrometer is used to measure the concentration of the effluent gas during 
desorption. The experimental mixture gas results will be compared to the IAST 
predictions better to understand the competitive adsorption behavior in these MOFs.
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