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Raman spectroscopy is widely used for chemical analysis due to its ability to provide highly 
sensitive chemical fingerprints that reflect the structures of analytes. Specifically, for the analysis 
of halide perovskite materials, ultra-low frequency Raman spectroscopy offers unique insights into 
slowly oscillating intermolecular vibrations and phonon modes, particularly within organic and 
inorganic crystalline lattices. 
In this seminar, we will present our recent findings on ultra-low frequency Raman spectroscopy of 
organic-inorganic halide perovskite quantum dots. The materials are methylammonium (MA) and 
formamidinium (FA) halide perovskite quantum dots, as well as inorganic cesium lead bromide 
(CsPbBr3) perovskite quantum dots.  
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The global energy crisis is increasing the demand for innovative materials with high purity and 
functionality for the development of clean energy production and storage. The development of novel 
photo- and electrocatalysts significantly depends on synthetic techniques that facilitate the production 
of tailored advanced nanomaterials. The emerging use of pulsed laser in liquid synthesis has attracted 
immense interest as an effective synthetic technology with several advantages over conventional 
chemical and physical synthetic routes, including the fine-tuning of size, composition, surface, and 
crystalline structures, and defect densities and is associated with the catalytic, electronic, thermal, 
optical, and mechanical properties of the produced nanomaterials. Herein, we present an overview of 
the fundamental understanding and importance of the pulsed laser process, namely various roles and 
mechanisms involved in the production of various types of nanomaterials, such as metal 
nanoparticles, oxides, non-oxides, and carbon-based materials. We mainly cover the advancement of 
photo- and electrocatalytic nanomaterials via pulsed laser-assisted technologies with detailed 
mechanistic insights and structural optimization along with effective catalytic performances in 
various energy and environmental remediation processes. Finally, the future directions and 
challenges of pulsed laser techniques are briefly underlined. This study can exert practical guidance 
for the future design and fabrication of innovative pulsed laser-induced nanomaterials with 
fascinating properties for advanced catalysis applications. 
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Circular dichroism (CD) spectroscopy of jet-cooled molecules provides conformation-specific CD 
spectra. However, its widespread utilization has been limited by the weak CD effects and low density 
of gas-phase molecules. Here, we developed a dual-beam method to improve the sensitivity and 
accuracy of gas-phase CD measurements [1]. The resonant two-photon ionization CD spectrum of 
(1R,2R)-(‒)-pseudoephedrine revealed that the standard deviations of CD values measured using the 
dual-beam method were three times lower than those measured using a single-beam method. Using 
the dual-beam technique we obtained the R2PICD spectra of jet-cooled styrene oxide (SO) near the 
origin band of the S0-S1 transition to investigate the effects of vibrational modes on electronic CD 
values. The IR-UV double resonance spectra showed that SO was present as a single conformer in 
the jet. The dual-beam R2PICD spectrum of SO exhibited well-resolved vibronic CD bands, of which 
the signs and magnitudes varied depending on the types of vibrational modes. We will discuss the 
possibility of using the dual-beam R2PICD spectroscopic technique to determine the absolute 
configurations of chiral molecules with multiple chiral centers.  

The second topic is about the CD spectroscopy of molecular ions produced by electrospray ionization 
(ESI). We obtained the first CD spectra of chiral molecular ions produced by ESI using cryogenic 
ion spectroscopy[2]. Protonated L-phenylalanine (L-H+Phe) and L-phenylalanyl-L-alanine (L-
H+PheAla) ions produced by ESI were stored in a cryogenic quadrupole ion trap and irradiated by 
multiple laser pulses with left- or right-handed circular polarization. Both L-H+Phe and L-H+PheAla 
were found to exist as two different conformers in the ion trap by infrared IR ion-dip, IR-UV hole 
burning (HB) and UV-UV HB spectroscopy. The CD spectra of each protonated ion exhibited well-
resolved CD bands of the two conformers, whose signs and magnitudes were different from each 
other. For application of this CD spectroscopic technique to protein ions, we investigated the UV 
photofragmentation spectra of multiply charged ubiquittin ions, UQ+m (m=6-10), produced by ESI. 
We will discuss a new technique to measure the conformation-selective UV and IR spectra of UQ+m 
by introducing two UV laser pulses inside and outside of a cryogenic ion trap as a hole-burning and 
a probe laser pulse, respectively.  
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[2] H. J. Eun, A. Min, C. W. Jeon. I. T. Yoo, J. Heo, and N. J. Kim, Chiral and Isomeric Discrimination of 
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4371. 
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Bacteriophytochromes (BphPs) are a significant group of photoreceptor proteins that play a crucial 
role in regulating various biological processes via the reversible photoconversion between the red-
light-absorbing (Pr) and the far-red-light-absorbing (Pfr) states. Structural studies have shown that 
BphPs adopt a modular architecture where individual domains are connected to an extended helical 
backbone at the dimer interface. As the input photosensory and output enzymatic domains are 
spatially separated, it is believed that the activation of BphPs involves long-range structural changes 
through an allosteric mechanism. Nevertheless, the protein structural dynamics underlying Pr/Pfr 
photoconversion between the Pfr and Pr states are still elusive. In this study, we employed time-
resolved X-ray liquidography (TRXL), also known as time-resolved X-ray solution scattering 
(TRXSS), to capture global structural transitions activated by the parental Pfr state in a photosensory 
module of bathy BphP from Pseudomonas aeruginosa (PaBphP). From the kinetic analysis of the 
TRXL data, we identified three distinct structural species, which are attributed to lumi-F, meta-F, 
and Pr, connected by time constants of 95 μs and 21 ms. Structural analysis based on molecular 
dynamics (MD) simulations demonstrates that the light activation of PaBphP accompanies 
quaternary structural rearrangements from an “II”-framed close form of the Pfr state to an “O”-
framed open form of the Pr state in terms of the helical backbones. This study provides valuable 
insights into the mechanism by which modular signaling proteins like BphPs transmit structural 
signals over long distances, thereby regulating downstream biological responses. 

References 
[1] Kim et al., Protein Structural Dynamics of Photoactive Yellow Protein in Solution Revealed by Pump-probe 
X-ray Solution Scattering., J. Am. Chem. Soc. 2011, 134, 3145-3153 
[2] Takala et al, Signal amplification and transduction in phytochrome photosensors., Nature 2014, 509, 245–
248.  
[3] Yang et al, Light signaling mechanism of two tandem bacteriophytochromes., Structure 2015, 23, 1179–
1189.  
[4] Lee et al, Light-induced protein structural dynamics in bacteriophytochrome revealed by time-resolved x-
ray solution scattering., Sci. Adv. 2022, 8, eabm6278. 
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Energy, structure, and charge are fundamental quantities characterizing a molecule. Whereas the 
energy flow and structure change in chemical reactions are experimentally characterized, 
determining the atomic charges of a molecule in solution has been elusive, even for a triatomic 
molecule such as triiodide ion, I3

-. Moreover, it remains to be answered how the charge distribution 
is coupled to the molecular geometry; which I-I bond, if two I-I bonds are unequal, dissociates 
depending on the electronic state. Here, femtosecond anisotropic x-ray solution scattering allows us 
to provide the following answers in addition to the overall rich structural dynamics. The analysis 
unravels that the negative charge of I3

- is highly localized on the terminal iodine atom forming the 
longer bond with the central iodine atom, and the shorter I-I bond dissociates in the excited state, 
whereas the longer one in the ground state. We anticipate that this work may open a new avenue for 
studying the atomic charge distribution of molecules in solution and taking advantage of orientational 
information in anisotropic scattering data for solution-phase structural dynamics [1]. 
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A hydration layer universally grows on a surface. Such a hydration layer plays a crucial role in 
various chemical and biologic processes at the interfaces. Significant gaps exist in the current 
understanding of the molecular structure and dynamics of a hydration layer. We discuss the molecular 
features of a hydration layer learned from molecular simulation, atomic force microscopy, and 
vibrational-sum-frequency-generation spectroscopy. An array of pillars is commonly constructed on 
a surface to control the surface wettability. The wettability of such a pillared surface is quantified by 
the contact angle (CA) measured for a droplet deposited on the surface. The present theories often 
fail to reproduce experimental CAs. We present a convolutional neural network model which 
accurately predicts the experimental CAs. 
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In recent years, electrocatalytic reactions, such as HER/OER/ORR/NRR/CO2RR/IRR, have attracted 
substantial interest regarding the development of chemical-electrical energy conversion and storage 
technologies such as water splitting, fuel cells, rechargeable metal−air batteries, and supercapacitors. 
Therefore, a wide variety of strategies to develop cost-effective non-precious catalysts with 
comparable electrocatalytic activities to rare transition metal catalysts have been devised. Here, we 
introduce our design strategies for catalytic activity on two-dimensional (2D) carbon-based 
nanomaterials and a novel mineral-inspired catalyst design. In addition, we would like to raise issues 
of DFT-based simulation methods of electrocatalytic reactions. 

 

 
Figure 1. Strategic catalyst design for chemical-electrical energy conversion and storage devices. 
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The molecular behaviors, such as adsorption, diffusion, desorption, and chemical reactions, and their 
uniform arrangements on solid surfaces are a research topic of great importance not only as a 
fundamental subject in surface science but also for applications of heterogeneous catalysts, sensors, 
and molecular-scale electronic devices. Interfacial interaction between molecule and substrate has 
long served as a key element to achieve robust predictability and high controllability in a variety of 
applications. Herein, the recent computational investigations, based on density functional theory 
(DFT), in close conjunction with scanning tunneling microscopy (STM) experiment at atomic spatial 
resolution provides insights into (i) the two-dimensional chirality created from a coverage-dependent 
molecular arrangement on metal surface and (ii) the selective molecular diffusion controlled by 
electric field on ultrathin insulating film. Firstly, four coverage-dependent phases of 
dehydrobenzo[12]annulene were uniformly fabricated on Ag(111), exhibiting unique chiral 
characteristics from the single-molecule level to two-dimensional supramolecular assemblies.[1] All 
coverage-driven phase transitions stem from adsorption-induced pseudo-diastereomerism, and our 
observation of a lemniscate-type (∞) supramolecular configuration clearly reveals a drastic chiral 
phase transition from an enantiomeric chiral domain to a meso-isomeric achiral domain. Secondly, 
the diffusion direction of naphthalocyanine can be controlled by the sign of electric field between 
STM tip and ultrathin insulating NaCl film despite the isotropic molecular dipole. The DFT study 
revealed that the diffusion barrier can be altered due to the molecular adsorption structure and the 
ionic displacement of NaCl film in a controlled manner.  
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The disulfide bond is one of the most important structure-making moieties in proteins, stabilizing the 
latter’s tertiary structure when two spatially adjacent L-cysteinyl form a covalent disulfide bond – 
the disulfide bridge. In aliphatic disulfides, the emergence of several photoproducts after UV 
irradiation has been reported over the past five decades, the formation mechanism and yields of which 
are still controversial. Time-resolved X-ray absorption spectroscopy (TR-XAS) is uniquely 
positioned to identify with high chemical specificity the nature of the earliest photoproducts by 
probing the sulfur core-level transitions. We demonstrated that TR-XAS at the S K-edge is a 
chemically sensitive tool to observe the UV photochemistry of small organosulfur compounds in 
nonpolar solvents [1, 2]. We investigated the natural amino acid dimer L-cystine in aqueous solution 
and also performed the same experiments in a tripeptide dimer bound by a disulfide bridge 
(glutathione disulfide, GSSG) in a bottom-up approach to find that L-cystine already captures the 
essence of the ultrafast photochemistry of the disulfide bridge in aliphatic disulfides. We conclude 
that upon 267 nm irradiation, aliphatic disulfides in aqueous solution immediately and exclusively 
undergo homolytic bond cleavage leading to the formation of two identical radicals. The subsequent 
geminate recombination of the thiyl radicals at ~3eV above the L-cystine ground state occurs with a 
time constant of ~600 fs, resulting in the formation of a secondary product on the L-cystine ground-
state potential energy surface. We attribute the secondary reaction to perthiyl radical generation, a 
process only possible in condensed phases. We believe that we have conclusive evidence to the long-
debated perthiyl radical generation mechanism from the first application of femtosecond XAS in the 
tender X ray regime (2 5 keV) to organic photochemistry in solution [3]. 
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Covalently linked dimers (CLDs) and their structural isomers have attracted much attention as 
potential materials for improving power conversion efficiencies through singlet fission (SF) [1-3]. 
Here, we designed and synthesized two covalently ortho-linked pyrene (Py) dimers, anti- and syn-
1,2-di(pyrenyl)benzene (Anti-DPyB and Syn-DPyB, respectively), and investigated the effect of 
molecular configuration on SF dynamics using steady-state and time-resolved spectroscopies [4]. 
Both Anti-DPyB and Syn-DPyB, which have different Py-stacking configurations, form excimers, 
which then relax to the correlated triplet pair ((T1T1)) state, indicating the occurrence of SF. Unlike 
previous studies where the excimer formation inhibited an SF process, the (T1T1)’s of Anti-DPyB 
and Syn-DPyB are formed through the excimer state. The dissociation of (T1T1)’s to 2T1 in Anti-
DPyB is more favorable than in Syn-DPyB. Our results showcase that the molecular configuration of 
a CLD plays an important role in SF dynamics. 
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Following photoexcitation to an electronically excited state, a molecule undergoes various processes, 
including internal conversion, intersystem crossing, and chemical reactions. These dynamics are 
central to molecular spectroscopy and have significant implications for applications such as solar 
energy conversion, organic light-emitting diodes, and photosensors. Time-resolved spectroscopic 
techniques such as time-resolved fluorescence and transient absorption are employed to 
experimentally investigate these dynamics. While the potential energy surfaces (PESs) with the Born-
Oppenheimer approximations are used to study dynamics in low-lying excited states, dynamics in 
higher excited states require consideration of the non-adiabatic dynamics and the coupling between 
electronic and nuclear degrees of freedom and the quantum effects like conical intersection. 

For studying early-time dynamics using time-domain spectroscopy, ultrashort ~10 fs pulses are 
utilized. Nuclear wave packets (NWPs) in the initial excited electronic state and the ground state are 
created by the short-pulse excitation. The NWPs in the excited state are then carried over to product 
states, while some NWPs orthogonal to the reaction coordinate remain unaffected [1]. The 
amplitudes, frequencies, and phases of NWPs coupled with the process undergo modifications during 
the reaction [2]. NWPs may also exhibit non-Condon effects (Herzberg-Teller coupling), providing 
insights into the molecular dynamics of the process [3]. 

To explore the dynamics of molecules undergoing ultrafast internal conversion, intersystem crossing, 
and chemical reactions in the excited state, we recorded transient absorption and time-resolved 
fluorescence with high enough time-resolution enabling acquisition of the NWPs. Quantum chemical 
calculations, quantum mechanics/molecular mechanics (QM/MM) simulations, and nonadiabatic 
molecular dynamics simulations were performed to comprehend the quantum dynamics in the excited 
state [4]. We will present several examples of excited state dynamics, including ultrafast internal 
conversion, intersystem crossing, proton transfer, and charge transfer. 

Taiha Joo is a professor in the Chemistry Department at POSTECH, Korea. He has been a faculty member 
since 1996, following postgraduate work at the University of Chicago and doctoral work at Cornell University's 
Chemistry Department. Professor Joo is the director of the Center for Quantum Dynamics (SRC center) at 
POSTECH and a member of the Korean Academy of Science and Technology. 
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The detection of hot electrons and understanding the correlation between hot electron generation and 
surface phenomena are challenging questions in the surface science and catalysis community. Hot 
electron flow generated on a gold thin film by photon absorption (or internal photoemission) appears 
to be correlated with localized surface plasmon resonance. It has been found that the hot electron flux 
generated under photon absorption and exothermic chemical reaction is the major mediator of energy 
conversion process [1-2]. In this talk, I introduce the research direction to attempt to detect the surface 
plasmon driven hot carrier at the nanometer scale by using scanning probe microscopy. To detect and 
utilize the hot electron flows at the macroscale level, the metal-semiconductor nanodiodes were 
constructed. At the nanometer scale, we utilized photoconductive atomic force microscopy to observe 
photoinduced hot electrons on a triangular Au nanoprism on n-type TiO2 under incident light. This 
is the direct proof of the intrinsic relation between hot electrons and localized surface plasmon 
resonance. We observed surface plasmon induced hot hole by using the system of Au nanoprism on 
p-type GaN [3]. I will discuss the impact of hot carriers in the photocatalytic activity under 
photoelectrochemical water splitting by using Au-based plasmonic nanostructures [4].  
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 Previously, we demonstrated that Fe-oxide nanoparticles (<~ 3 nm) supported by mesoporous Al2O3 

can be considered as a potential candidate for the alternatives for Pt-based automobile exhaust gas 
catalysts, since they can catalyze CO oxidation under low temperature conditions (<~ 100 oC) [1]. 
As a following scientific study, this time, we aimed to get deeper understanding on the origin of 
catalytic activity of Fe-oxide/Al2O3 at low temperature conditions towards CO oxidation. By utilizing 
various surface-analysis techniques, we managed to reveal the role of interfacial Fe-C-Al sites in low 
temperature CO oxidation over Fe-oxide/Al2O3 catalyst. 

Four different Fe-oxide/Al2O3, named as 0.5-, 1.0-, 2.0-, and 4.0-Fe, having various amounts of 
Fe-oxide on mesoporous Al2O3 bead were prepared by temperature regulated chemical vapor 
deposition (tr-CVD) and post-annealing. Their catalytic activities towards CO oxidation under a dry 
air atmosphere were investigated in the temperature range of 30-350 oC, and their surface structures 
were carefully examined using various surface-analysis techniques (CO-temperature programmed 
desorption (CO-TPD), CO-temperature programmed reduction (CO-TPR), X-ray photoelectron 
spectroscopy (XPS), and time of flight-secondary ion mass spectroscopy (ToF-SIMS)). 

Under the low temperature conditions (~ 50 oC), Fe-oxide/Al2O3 sample (0.5-Fe) having the 
smallest amount of Fe-oxide deposition exhibited the highest activity followed by 1.0-Fe, 2.0-Fe, and 
4.0-Fe. On the other hands the activity order of four samples shifted to 2.0-Fe > 1.0-Fe > 0.5-Fe > 
4.0-Fe as the reaction temperature increased to 100-150 oC. The results of CO-TPD and CO-TPR 
indicated that the Fe-oxide structures on four Fe-oxide/Al2O3 samples (0.5-, 1.0-, 2.0-, and 4.0-Fe) 
were different qualitatively as well as quantitatively. The XPS and ToF-SIMS analysis results 
revealed the formation of the interfacial Fe-C-Al species of which population on each Fe-oxide 
nanoparticle decreased as the amounts of deposited Fe-oxide decreased (0.5-Fe > 2.0-Fe > 4.0-Fe).  

 Based on our experimental observations, it was suggestive that the Fe-C-Al species can facilitate 
the low temperature CO oxidation (at 50 oC) on the surface of Fe-oxide nanoparticles by activating 
oxygen atoms. On the other hands, the surface of Fe-oxide nanoparticles can catalyze the CO 
oxidation without aid of the Fe-C-Al species under higher temperature conditions (> 100 oC).  
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Electrostatic interactions play a critical role in electrolytes from biological systems to energy 
materials [1]. The classical Debye-Hückel and mean-field theories provide fundamental 
understandings of the screening of ionic interactions, but their applicability is limited only to dilute 
electrolytes. Recent surface force measurement (SFM) experiments [2] have challenged our current 
understanding of the screening phenomena: various concentrated electrolytes confined by mica 
surfaces show an unexpectedly long decay length of the force between surfaces (~ 10 nm), referred 
to as (anomalous) “underscreening.” Furthermore, they exhibit a universal cubic scaling relation, 
which is still puzzling, of the decay length with ion size after properly normalizing both quantities 
with Debye screening length. Estimating the decay from the bulk correlation length of the liquids 
[3,4] has been found not successful enough in rationalizing all the observations in the experiments, 
resulting in the underestimated exponent of the scaling relation. 
 
This talk discusses our current efforts to understand the microscopic origin of the long decay 
observed in surface force measurements with concentrated electrolytes, mainly focusing on the 
effects of confinement and interfaces, which we believe are the missing component in previous 
theoretical efforts. A grand-canonical simulation method, which we recently developed via a hybrid 
non-equilibrium MD/MC method [5], allows for the efficient investigation of concentrated 
electrolytes under confinement in equilibrium with its bulk reservoir as in the SFM experiments. As 
a first demonstration of our method, I will discuss Donnan equilibrium in a model Lennard-Jones 
electrolytes in a charged slit-like pore. We found a transition with increasing surface charge density 
from a Debye-Hückel to an intermediate regime. Nevertheless, the mean excess ion density can still 
be predicted using the linearized Debye-Hückel theory via an “effective” surface charge density.  
 
Finally, this talk will briefly illustrate how the fundamental understanding of electrostatic interaction 
screening helps to establish underlying design principles of concentrated polymer-based solid 
electrolytes. In particular, we suggest a so-called salt-concentrating strategy to develop fast ion-
conducting electrolytes with substantial amounts of salt that provide a highway for ion traffic by 
forming a nanoscale ion-solvation network. 
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The utilization of solar energy for the production of chemicals through photoelectrochemical 
conversion offers a sustainable method to generate high-energy density fuels and address the 
intermittent nature of sunlight as a power source. Within this system, semiconductor photoelectrodes 
play a crucial role, and ternary transition metal oxide semiconductors show promise as they are more 
chemically robust and scalable compared to traditional semiconductors. However, these materials 
often suffer from poor charge transport properties and significant recombination of electrons and 
holes. Additionally, the complexity of multinary oxides and the intricate processes involved in 
photoelectrochemical reactions make it challenging to comprehend the specific effects of 
composition and structure, particularly at the material's surface, on its photoelectrochemical 
properties. 
This talk focuses on how the surface compositions of ternary oxide semiconductors, specifically 
bismuth vanadate (BiVO4), can significantly impact their photoelectrochemical properties, even 
when their surface facets remain identical [1].  A direct comparison was made between Bi-rich and 
V-rich surfaces of BiVO4. By employing advanced synthesis and characterization techniques, along 
with theoretical insights, high-quality semiconductor films were first created. These films underwent 
selective modification of the surface composition, which enabled the capturing of the physical and 
electronic structure of the interface. The study reveals that enriching the upper atomic layer with 
bismuth shifts the band edge positions towards the vacuum level, thereby reducing the likelihood of 
electron-hole recombination at the surface. The composition-dependent interfacial electronic 
structure was further demonstrated through the preferred dissolution of vanadium (resulting in 
bismuth enrichment) in BiVO4, leading to enhanced photoelectrochemical performance. 
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Reliable prediction of the molecular properties of organic compounds is crucial for developing new 
organic materials in various research fields such as, organic solar cells, organic light-emitting diodes 
(OLEDs), bio-imaging, organic sensors, and organic dyes. In particular, the optical properties, such 
as absorption and emission peak positions and bandwidths, extinction coefficients, 
photoluminescence quantum yield (PLQY), and emission lifetime, are important for the development 
of chromophores and fluorophores. In addition, electrochemical properties, such as HOMO and 
LUMO energies, are important for developing optoelectronic materials [1, 2].  
We have successfully developed deep learning models to predict the aforementioned optical 
properties and electrochemical properties of organic molecues in different solvents, films, and gas 
phases. First, we constructed an experimental database including the molecular structures, properties, 
and local environments (solvents, hosts) where the molecules are located.[3] Our experimental 
database includes 22,992 unique organic molecules in 409 solvents or solid states, yielding 67,362 
molecule/solvent combinations. Second, we have developed deep learning (DL) models to train our 
experimental database, In our DL models, the molecular graph is used to represent the molecular 
structure in terms of bonds and atoms, the graph convolution network (GCN) is used to share the 
information of atoms in the molecule, and the multi-layer perceptrons (MLPs) are used to find a 
structure-property relation. Most importantly, our DL models include the molecule–solvent 
interaction to account for the effect of local environments on the optical and electrochemical 
properties. Our DL models trained with our experimental database were found to predict the optical 
and electrochemical properties of new organic compounds in different local environments (in 
solutions, in solid states, and even in the gas phase). Our DL models were found to be superior to 
DFT calculations in terms of accuracy and computational time. Especially, PLQY and bandwidths, 
which are technically challenging to predict by DFT calculations, can be readily predicted by our DL 
models.  
Our DL models combined with combinatorial enumeration can be efficiently used to pre-screen and 
find the optimal molecules with desired properties from many pre-designed molecules in the 
development of new chromophores, fluorophores, and optoelectronic materials used in OLED and 
organic solar cells. A libary of molecular structures can be generated by combinatorial enumeration 
and molecular properties can be accurately and quickly predicted by our DL models in a second. 
DL models can be trained with database and find a structure-property relation directly from the 
database, and thus DL models can be applied to predict any molecular properties as long as the 
database is available. Our DL models were found to work very well to find the structure-property 
relation and can be used to predict many other molecular properties. 
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‘Structure-function relationship’ is a key concept for studying the biological function of proteins. 
Thus, characterizing protein structures using experimental techniques such as X-ray crystallography 
and cryo-EM has been highlighted since the mid of 20th century. However, for some targets, the 
experiments could not be applied since the target is hard to be crystallized or it is difficult to solve 
phase. On the other hand, obtaining protein sequences is much easier than solving protein structures. 
Therefore, the gap between protein structure space and sequence space is increasing. 
To fill the discrepancy, in silico modeling of protein structures from sequences is often used. With 
the help of the recent development of deep learning, AlphaFold from DeepMind showed outstanding 
performance in predicting protein structures. However, there are spaces to improve, such as 
secondary structure prediction to help the prediction. Recent advances in protein structure prediction 
give a hint to use the attention from multiple sequence alignment to get the important information. 
In this presentation, protein structural property prediction algorithms using deep learning will be 
introduced. Our method predicts solvent accessible area, secondary structure, and intrinsically 
disordered region from the amino acid sequence, and drug binding site from the sequence and 
structure.  
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Deep learning is attracting great attention for various applications including materials discovery. In 
particular, generative AI is used to design materials with target properties directly unlike virtual 
screening that prioritizes pre-constructed candidates according to selection criteria. Here, we first 
overview representative AI models developed for organic molecule-based molecular design. Then, 
we propose a building block-based molecular generative AI which designs new molecules with target 
properties by sequentially adding molecular building blocks to any given starting molecule. A key 
feature of our model is a high generalization ability in terms of property control and building block 
types. The former becomes possible by learning the contribution of individual building blocks to the 
target properties in an auto-regressive manner. For the latter, we used a deep neural network that 
predicts the bonding probability of two molecules from the embedding vectors of the two molecules 
as input. The high synthetic accessibility of the generated molecules is implicitly considered while 
preparing the building block library with the BRICS decomposition method. We show that this model 
can generate molecules with the simultaneous control of multiple target properties at a high success 
rate. As a practical application, we demonstrate that the model can be applied to materials design 
with an example study on drug and OLED design. 
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Spontaneous Raman spectroscopy offers several advantages over alternative spectroscopic 
techniques, but its practical application in the field has been hindered by low sensitivity. One 
particular limitation is the significant amount of time required to obtain a Raman map of a sample 
using the raster scan mode. To address this time-detection constraint, we have developed two types 
of macroscopic Raman systems for applications in the food and environmental sectors. Firstly, we 
have devised a spatially offset Raman method as a quantitative tool for assessing milk fat composition 
and detecting toxic chemicals in packaged milk in single detection. By utilizing a line-illumination 
deep Raman system incorporating both conventional optics and a novel optical fiber probe, we are 
able to accurately distinguish Raman signals originating from milk fat and those arising from 
packaging materials. This capability is vital in identifying adulterated milk containing toxic 
substances, which pose risks to human health, as the toxicity can occur at any stage of production. 
Secondly, we have introduced a novel one-dimensional hyperspectral Raman imaging technique with 
macroscopic line illumination. This innovative method enables rapid scanning of large areas at high 
speeds. Through the implementation of this approach, we have achieved remarkable success in 
acquiring Raman spectra of microplastics over a 1 cm2 area with exceptionally fast acquisition times. 
In conclusion, our developed systems significantly improve the practicality of Raman instruments by 
addressing the time-detection constraint and enhancing sensitivity. 
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Coherent Raman scattering imaging is a highly effective way of obtaining chemical information 
about biomolecules without external labels [1]. However, its ability to image deep tissues is limited 
by certain factors, such as the intrinsic scattering cross-section and sample-induced aberrations, 
which results in low image contrast. The presence of complex tissue complicates the issue, as even 
minor disturbances in the pump and Stokes beam foci can significantly compromise the resolving 
power of the imaging system. 

We have developed a novel approach to address this challenge: a deep-tissue coherent Raman 
scattering (CRS) microscopy system equipped with advanced adaptive optics (AO). Adaptive optics 
is a purely optical method that does not harm the sample and offers an ideal solution for deep-tissue 
CRS imaging. Using wavefront shaping devices such as deformable mirrors and liquid-crystal spatial 
light modulators (SLMs), AO compensates for aberrations and restores a tightly focused beam in 
deep tissue [2]. This technique has proven effective in enhancing imaging depth in various nonlinear 
imaging modalities and is appropriate for CRS microscopy. 

Our AO-CRS microscopy system employs a spatial light modulator to correct position-dependent 
aberrations by measuring the complex tissue aberration caused by elastic backscattering. By 
implementing this label-free AO-CRS microscopy approach, we have successfully demonstrated 
vibrational imaging of lipid-rich substances, such as myelin, within the mouse brain, even when 
imaging through thick and opaque cranial bones. Notably, we achieved a ten-fold enhancement in 
the pump point spread function (PSF) Strehl ratio, and the image contrast of myelin segments beneath 
the cranial bone is comparable to that obtained in bare tissue. 
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