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1. Introduction

Organic fluorophores have received great attention due to their widespread application in the fields of
chemical sensors, organic light-emitting diodes, and biological applications. Fluorescent surfactants, which
contain fluorescent molecules incorporated within their structures, and possess both hydrophilic and
hydrophobic offer unique advantages and applications due to their ability to emit light when excited by a
particular wavelength, which uses sensing and detection, bio-imaging, drug delivery. Surfactant-based self-
assemblies have attracted great attention in the last two decades owing to their important role in biomimetic
systems and material science such as proteins, DNA interaction, and peptides, possessing the ability to
penetrate cell membranes. Studying self-organized structures formed by surfactants plays a crucial role in
understanding their behavior in different environments. [1]

There is a wide range of commercially available fluorescents surfactants using various fields of
applications that are fluorescein, Rhodamine, BODIPY, Nile Red, coumarin-based surfactants, and lipid NBD
(7-nitrobenz-2-oxa-1,3-diazol-4-yl), which is conjugated to various lipid molecules to create fluorescently
labeled lipid probes with certain limitations such as stability, limited solubility, compatibility issues,
manufacturing challenges, biocompatibility, toxicity, and cost considerations concerns. [2] Organic
surfactants, derived from carbon-based compounds, hold significant importance over other types of
surfactants for several reasons, biodegradability and environmental impact, milder and safer formulations,
versatility and compatibility, customization and tailoring. In recent years imidazole-based surfactants are
cationic, anionic, and non-ionic surfactants are developed to avoid the mentioned limitations that play vital
roles in many applications such as labels for biomolecules drug delivery systems, biomedical applications,
nanotechnology, electronics, and high-performance coatings. [3]

This study focused on a development of new fluorescent imidazole-based organic surfactants with variable
electro-negativity and studies their self-assembly behavior with a bio-mimic system analogous to organic
surfactants such as sodium dodecyl sulfate (SDS), sodium dodecylbenzene sulphonate (SDBS), and sodium
bis (2- ethylhexyl) sulfosuccinate (AOT). We examined the photophysical and morphological changes using

a fluorescence spectrometer and scanning electron microscopy (SEM).

2. Experimental section
Synthesis of compound 3,3'-(10-phenyl-8 b,10-dihydro-9H-pyreno[4,5-d]imidazole IMPYDZs)

Ammonium acetate (1 g) was added to 50 ml of glacial acetic acid and stirred well, then substituted
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aldehyde (0.5 g) was added and stirred well until completely dissolved. After that, a mixture of pyrene dione
(0.5 g) and was slowly added the color of the solution changed to orange and the resulting solution was heated
and refluxed. The reaction was allowed until the color of the reaction mixture changed from bright orange to
pale yellow. The mixture was then cooled to room temperature and ice-cold water was used to quench the
reaction; the immediately yellow precipitate IMPYDZs was formed. The residue was washed three times
with water and hexane and collected yield (80-82 %).
Synthesis of compound 3,3'-(10-phenyl-8b,10-dihydro-9H-pyreno|[4,5-d]imidazole-11-ium-9,11-
diyl)bis(propane-1-sulfonate) SPYs

10 mL of DMF and 0.5 g of IMPYDZs were added into the 100 mL round bottom flask. Then sodium
hydroxide 0.06 g was added into the flask and 0.38 g of 1,3-propane sultone was added drop by drop into the
flask under stirring at 10 °C for 24 h. After that reaction, the liquid was transferred to 50 mL of acetone
followed by the addition of 0.5 ml of HCI under stirring to obtain a greenish-yellow SPYs solid. After
filtration and washing with three times water and acetone, the pure pale-yellow solid was collected at 85%.
Methods and Instrumentation

The 'H, 3C NMR spectra were recorded on a Varien-500 & 400 MHz Nuclear Magnetic Resonance
Spectrometer (Japan Electronics JNM-ECS400) NMR spectrometer in DMSO-ds solvent using TMS
(tetramethyl silane) as internal standard. The mass spectral analysis was performed by Matrix-Assisted Laser

Deionization Ionization Time-of-Flight Mass Spectrometer (Bruker Dartonics autoflex maX).

3. Results and discussion

Scheme 1a shows the schematic synthetic route for synthesizing fluorescence chromophore SPYs. The
synthesis of the target probes is a two-step reaction. The first step is to react 4,5-pyrene dione with the
substituted aldehydes to provide the imidazole compound IMPYDZs. The second step is to react compound
IMPYDZs with 1,3-propane sultone followed by the acidic treatment to give a target probe, SPY's.
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Scheme 1: a) Synthetic route of zwitterionic SPY's derivatives.
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Optical studies of SPYs with surfactants

The initial emission studies of SPYs were carried out in ethanol and water. In ethanol, sharp and shorter
wavelength emission peaks have appeared at 383, 404, and 427 nm which likely originated from the SPY's
monomers. The free single-bond rotation or intramolecular rotations are mainly responsible for the shorter
wavelength, in the diluted state. In a water medium excimer emission peak was formed at 480 nm with low
intensity along with the monomeric emission peaks, due to the self-aggregation formed via loosely or less
stable. The initial studies confirmed the SPY's self-assembly behavior in water.

To study the intermolecular interaction with surfactants, the three anionic surfactants (SDS, SDBS, and
AOT) with diverse head groups, critical micelle concentration (CMC), and hydrocarbon tails, were selected.
The influence of surfactants and their concentration on the fluorescence characteristics of SPYs were
investigated by emission spectra. The emission spectra of SPYs coupled with surfactants have changed
dramatically, with enhanced fluorescence intensity at 480-500 nm and the absence of a pyrene monomer peak.
Emission studies revealed luminescent aggregates are strengthened by surfactants through strong electrostatic

interaction along with n-x interactions, making a dramatic increment of emission properties.
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Figure 1: Emission spectra (a)-(c) HSPY (d)-(f) CISPY (g)-(i) FSPY in three surfactants concentrated water
medium (50 pM of SPY's used, Aexc= 282nm)
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Morphological changes of SPYs induced by surfactants
To investigate the morphological changes of the self-assembly regulated by surfactant structure, the

aggregates are characterized by SEM technique with the presence and absence of surfactants.

In Figure 2, as examples, SEM images observed for (a) HSPY film drop-casted on silicon wafer from its
aqueous dispersion and (b) a residue filtered from a HSPY-AOT aqueous solution. The SEM images revealed
that SPY's without surfactants formed irregular shapes like those shown in Figure 2(a), whereas SPY's with
surfactants assembled into micro structures like those shown in Figure 2b. This phenomenon of morphology
transformation from irregular aggregation structures to regular micro rods, plates, and layered structures

demonstrates that surfactants successfully regulated the self-assembly integration.

4. Conclusion

In conclusion, we designed and synthesized a series of novel imidazolium-functionalized pyrene salts
SPYs with various electronegativity. And thoroughly investigated the influence of the surfactant structure.
The emission behavior of SPY's could be tuned to intense green fluorescence by controlling the aggregates
by surfactants structure and its CMC. These studies provided valuable insights into molecular behavior in
simplified systems, these results serve as a foundation for future investigations into more complex bio-

mimetic systems.
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1. Analysis of airflow using ANSYS and Flowsquare+ computational fluid dynamic software.

As part of the technical contribution to the Mombetsu Symposium 2025, a detailed study on airflow
dynamics was conducted using ANSYS Fluent and Flowsquare+ computational fluid dynamics (CFD)
software. The objective was to simulate and analyze airflow behavior in various enclosed and semi-open
environments in bench structure for applications during disaster in the Temporary Relief Centers. Using 3D
modeling, different scenarios were created to evaluate the effectiveness of natural and mechanical
ventilation systems. Simulations incorporated turbulence models such as k-¢ and k- SST to capture
realistic flow behavior. ANSY'S Fluent was used for high-precision modeling of complex flows, while
Flowsquare+ supported quick visualization and educational applications. A mesh sensitivity study was
carried out to ensure the reliability of the results, and findings were validated using benchmark cases.
Comparative analysis between the two software platforms helped assess accuracy and usability. The
simulations provided insights into airflow distribution, stagnation zones, and ventilation efficiency, leading
to practical recommendations for airflow design improvement of the bench. The work not only contributes
technically to the field of indoor environmental control but also demonstrates the educational value of
integrating CFD tools into STEM learning, supporting the goals of international PBL programs focused on
developing practical, innovative-driven human capital.
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Photo 1. Analysis results that were achieved using ANSYS Fluent (left) and Flowsquare+ (right).

2. Preparation of manuscript submission to Mombetsu Symposium 2025 and manuscript for the
International Conference on Smart and Advanced Manufacturing 2024 (ICSAM'24) that was

submitted for the project.



In support of ongoing research dissemination, two key manuscripts were prepared and submitted as part of
the international collaboration activities. The first manuscript, targeted for the Mombetsu Symposium 2025,
focused on computational fluid dynamics (CFD) simulation of airflow in educational and manufacturing
environments using ANSYS Fluent and Flowsquare+ software. The paper detailed methodology, simulation
setup, results comparison, and practical implications, aligning with the symposium’s themes on sustainable
and intelligent systems. Simultaneously, a second manuscript was prepared for submission to the
International Conference on Smart and Advanced Manufacturing 2024 (ICSAM’24). This paper presented
outcomes from an integrated research project related to advanced joining technologies and innovation in
manufacturing processes, specifically focusing on aluminum material behavior and process optimization.
The manuscript incorporated both experimental and simulation-based findings, highlighting
interdisciplinary collaboration and data-driven manufacturing improvements. The ICSAM’24 paper was
successfully submitted within the required deadline, reinforcing the project's academic visibility and
commitment to contributing to high-impact conferences. Both submissions reflect the team’s continuous
efforts to share research outcomes with the global academic and industrial community and to build strong
links through international platforms for knowledge exchange and capacity building in the field of smart
manufacturing and engineering education.

3. Student supervision on presentation slides preparation and rehearsal for Mombetsu

Symposium 2025.

In preparation for the Mombetsu Symposium 2025, comprehensive supervision and mentoring were
provided to a team of undergraduate students to support their participation in delivering a technical
presentation in English. The students involved were Namie Umezaki, Mohd Najib Roslan, Yamaguchi Reo,
Chinari Watanabe, and Koki Toyama. Their presentation focused on key project activities related to
international project-based learning (PBL), collaborative research, and technical analysis, including CFD
simulations and STEM education development. Guidance was given throughout the process of preparing
the presentation slides—starting from the organization of content, visual design, and logical flow of
information, to ensure that the technical data were communicated effectively and accurately. Special
attention was given to enhancing the students’ English communication skills, as the symposium required all
presentations to be delivered in English. Multiple rehearsal sessions were conducted to improve
pronunciation, pacing, tone, and confidence in public speaking. These rehearsals also included simulated
Q&A practice to prepare the students for audience interaction. Feedback was provided iteratively, allowing
students to make refinements to both the content and delivery style. Through this process, the students
gained valuable experience in academic communication, technical presentation, and intercultural
engagement. Their final presentation was well received by the audience and reflected a high level of
professionalism and preparedness. The supervision not only contributed to the success of their presentation
but also supported the broader educational objective of nurturing globally competent engineering students
capable of participating actively in international academic forums.

Photo 2. Presentation slides preparation and rehearsal with the students (left) and the presentation in
Mombetsu Symposium 2025 (right).

4. Preparation of Memorandum of Understanding between Universiti Malaya and Utsunomiya
University.

As part of ongoing efforts to strengthen international academic collaboration, preparations were actively
carried out for the signing of a Memorandum of Understanding (MoU) between Universiti Malaya and



Utsunomiya University, scheduled for March 2025. This initiative builds upon a solid foundation of joint
activities, including research collaborations, student exchange programs, and shared participation in
international events such as the Mombetsu Symposium and international PBL programs. The MoU aims to
formalize the partnership and facilitate a wide range of cooperative activities such as joint research
projects, faculty and student mobility, co-supervision of postgraduate students, and shared access to
academic resources.

The preparation process involved drafting and reviewing key documents, aligning institutional objectives,
and ensuring compliance with the legal and administrative frameworks of both universities. Continuous
communication was maintained with representatives from Utsunomiya University International Office, to
finalize the terms of agreement. Input was also gathered from relevant departments within Universiti
Malaya, including the Office of International Relations and the Faculty of Engineering.

Efforts were made to highlight existing collaborative achievements and propose new areas of synergy,
particularly in the fields of smart manufacturing, STEM education, and advanced joining technologies. The
signing of the MoU is expected to deepen bilateral academic relations, enhance student and staff mobility,
and open doors for collaborative grant applications and publications. This marks a significant milestone in
fostering long-term, impactful engagement between the two institutions.

Photo 3. Presentations on collaboration between Utsunomiya University and Universiti Malaya (left) and
potential international connections built at the Mombetsu symposium (right).
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