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The morphology of conventional organic polymers in either solid or 
solution state presents an innate challenge that the density contrast levels are quite 
low when compared to inorganic materials, which inevitably renders 
characterization difficult. Of all methods of morphology characterization, X-ray 
scattering is unique with respect to the fact that it is highly sensitive to electron 
density contrast, and can effectively measure the self-assembled structures of 
polymer chains. Progress in synchrotron operation over the last three decades 
yielded higher flux and tunable levels of high energy X-ray beams in which, along 
with improved detectors, have greatly expanded the horizons of polymer 
morphology research. The wide flexibility and nondestructive nature regarding 
the measurement conditions makes X-ray scattering a powerful tool. In addition, 
as long as the incident X-ray beam’s pathway through the sample and to the 
detector is not disturbed, the sample stage could be designed to accommodate a 
variety of conditions or in-situ, dynamic experiments. This talk will specifically 
explore various applications of using X-ray scattering for characterizing several 
systems of polymers in both solid and solution state, and different methods of 
analyzing the data to gather morphological parameters from the measurements.
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ABSTRACT

Electrostatic interactions plays a dominant role in charged materials systems. Understanding the complex 
correlation between macroscopic properties with microscopic structures is of critical importance to develop 
rational design strategies for advanced materials. But the complexity of this challenging task is augmented by 
interfaces present in the charged materials systems, such as electrode-electrolyte interfaces or biological 
membranes. 

In this talk, I’ll present our ongoing efforts to enable predictive molecular simulations of these highly charged 
systems. A key advancement has been made with the development of predictive multi-scale force field for 
ionic liquids (ILs) and polymers based entirely on first-principle calculations, and the development of 
simulation algorithms to treat surface polarization and proper thermal equilibrium in polarizable MD 
simulations. New physical insights gained from the new simulation model and simulation algorithms will be 
discussed, which includes deducing the mechanism of dielectric reduction of highly confined water, as well as 
sophisticated design of nanoparticles and polymer electrolytes for next generation energy storage material with 
tailored structural and dynamic properties Another important study investigates utilizing lipid membranes and 
biological complexes for controlling molecular transport across the complex interface abundant in biology. Our 
critical analysis brings two prominent field of energy materials and biological science under common 
perspective, to stimulate crossover in both research field that have been largely separated.
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ABSTRACT
Cyclic vinylogous esters (CVEs) are versatile building blocks for modular syntheses of 
densely substituted cycloalkenones that serve as strategic intermediates for natural product 
synthesis. We recently developed palladium-catalyzed -arylation reactions of CVEs, and 
these arylated products could be converted to -aryl-cycloalkenones via the Stork-Danheiser
transposition. By applying pattern recognition analysis and database search, we recognized 
that -aryl-cycloalkenones are a common structural motif in a range of biosynthetically 
unrelated natural products. Building upon this concept and build/couple/pair strategy, we 
have established a unified and straightforward strategy toward a collection of natural 
products. During the foray into the total synthesis projects, we disclosed various synthetic 
transformations featuring novel reactivity of CVEs. This presentation will showcase new 
opportunities for exploiting CVEs as a teleporting portal to explore chemical space.

Cyclic Vinylogous Esters: A Versatile Substrate for 
Total Synthesis and Methodology Development
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ABSTRACT
The bacterial transcription repressor CtsR becomes phosphorylated by the 
arginine kinase McsB when cells sense an elevated temperature in the 
environment. Here, we perform single-molecule experiments based on the 
protein-induced fluorescence enhancement (PIFE) effect to monitor the DNA-
CtsR-McsB interaction. Our single-molecule analysis reveals that CtsR binds 
rapidly and stably to the cognate DNA and McsB transiently interacts with the 
DNA-bound CtsR. Through this interaction, McsB does not remove CtsR from 
the DNA, but instead alters its thermosensing behavior, lowering the temperature 
threshold for CtsR dissociation. Phosphorylation of several periphery arginine 
residues on CtsR underlies a plausible molecular mechanism for this effect.

Single-molecule kinetic studies reveal an in situ
regulation mechanism of CtsR by McsB
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Abstract: Quantum chemical calculations using density functional theory (DFT) 
are now commonplace in solid-state chemistry. There are several publicly 
available materials databases (e.g., Materials Project) that house DFT calculation 
results for millions of inorganic crystals, providing an excellent starting point for 
finding new materials with interesting properties. High-throughput computational 
screening of materials using DFT is now being augmented and accelerated using 
machine learning (ML). In this talk, I’ll discuss some shortcomings in the “early 
days” of ML-driven materials discovery (circa 2021) before transitioning to state-
of-the-art approaches. Modern approaches leverage universal machine learning 
interatomic potentials along with generative artificial intelligence to rapidly 
search materials space. We have recently been working to establish baselines for 
these approaches to better understand their advantages and disadvantages 
compared with more traditional materials discovery methods (e.g., ionic 
substitutions in known crystals). This talk will also discuss our work towards a 
new frontier for ML applications in solid-state chemistry, which is to predict and 
learn from the DFT-calculated electron density.
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To navigate outcomes from wide variability in agricultural growing 
conditions, including water availability and energy costs, the development 
and application of more sustainable agrimolecular chemistry and chemical 
engineering processes are essential.

In this presentation, I will share some of our group’s research into and 
development of adsorption and absorption approaches to remediate flavors 
impacted by suboptimal growing conditions and to valorize the CO2 waste 
stream that could enable the wine industry to capture and find valuable uses 
for CO2.  

Hokkaido Summer Institute Leading and Advanced Molecular Chemistry and 
Engineering IIIC (“Separation Process Engineering II”)
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