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It was found that the air-water interface (air-bubbles) could be used as a separation medium
for the purification of dyes and pharmaceuticals. Air bubbles are a harmless, waste-free medium
with a low environmental impact. This study suggests that the air-water interface has solvent
properties comparable to those of ethyl acetate and is effective in the purification of the basic dye
Rhodamine B and the anti-malarial drug Chloroquine, providing the basis for a possible new
method of substance separation and purification.

In Chapter 2, the hydrophobic properties of bubbles as separation media were clarified by
analysis using fluorescent probes and ultrafine bubbles (UFB), which are stable in water.
Measurements using the fluorescent molecule 1,2'-dinaphthylamine, which is used to evaluate
hydrophobic field, observed that water containing UFB is a much more hydrophobic solvent than
water.Through this comprehensive research approach, I aimed to provide valuable insights into the
preferences and expectations of Chinese tourists when selecting and experiencing tourist sites in
Hokkaido. The results of this study can serve as a basis for industry stakeholders to tailor their
offerings and marketing strategies to better meet the interests and needs of Chinese tourists,
ultimately strengthening the tourism industry in Hokkaido and beyond.The hydrophobicity of the
bubbles was similar to that of ethyl acetate and diethyl ether, indicating
the characteristics of bubbles as separation media.

Chapter 3 shows a rapid purification method for chloroquine based on flotation. Chloroquine,
an antimalarial drug, is synthesized in about 80% yield by 4-amino-1diethylaminopentane and 4,7-
dichloroquinoline. It has been purified by solvent extraction and then recrystallization. The method
designed utilizes the differences in hydrophobicity and ionicity between the source material and the
product, achieving a rapid separation in less than 10 minutes. The purity of the product was more
than 99% by HPLC analysis. The use of bubbles as a separation medium has been shown to provide
low environmental impact pharmaceuticals purification.

Chapter 4 was a fundamental study for industrial continuous treatment combined with

microfiltration (MF). MF membranes have the advantage of good permeability and resistance to




fouling, but their large pore size prevents them from blocking low molecular compounds such as
dyes. We found that a specific dye can be blocked by passing a solution containing bubbles larger
than the membrane pore size through an MF membrane, taking advantage of the properties of
bubbles.

Air-bubbles as a separation medium were found to have solvent properties similar to ethyl
acetate and could rapidly adsorb and separate compounds with strong hydrophobic properties. it is
even possible to prevent the permeation of compounds into the microfiltration membrane by means
of adsorption of molecules on the bubbles. It is hoped that this research will provide the beginnings

of a new low environmental impact separation method that could contribute to a sustainable society.
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