Netsu Sokutei 51 (1), 22-26 (2024)

METBNZTERFAT IHRKERROBHEA D=L

Ay fi o

CEERLAR A TIEAT MR - (LSRR (LT e e PSR

(%ZHH :20234F 11 A 1 H, =#H 2023412 A 27 H)

Understanding the Dissolution Mechanism of Hydrophobic Dyes
through Statistical Thermodynamics

Yu Kanasaki »*

# National Institute of Advanced Industrial Science and Technology,
Research institute for Chemical Process Technology,
Department of Material and Chemistry

(Received Now. 1, 2023; Accepted Dec. 27, 2023)

Hydrophobic dyes are used in water with solubilizers. Hydrotrope is a solubilizer of low molecular weight, weakly
amphiphilic organics. and is known to promote solubilization of drugs, dyes, and pigments. One of most famous
hydrotropes, urea, serves as an efficient solubilizing agent for dyes. In this study, in order to elucidate the molecular-
level mechanisms responsible for urea's effectiveness as a solubilizer, we apply a statistical thermodynamics approach
rooted in the Kirkwood-Buff theory of solutions. Our findings demonstrate two key insights: (i) in contrast to the
traditional notion of "water structure disruption," the impact of urea on dye hydration has a relatively minor role in the
solubilization process; (ii) the primary driving force for solubilization arises from the accumulation of urea molecules

surrounding hydrophobic dye molecules.
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Fig.1 Schematic representation of the local (a) and bulk (b)
concentration and their difference. Urea (triangle) are
concentrated around the dyes (large circle) in the local area
compared to the bulk.
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Fig.2 Molecular structure of the dye used for dye
solubilization study.
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Fig.3 Independent determination of urea-dye and water-

dye KB parameters. G,; (open rhombus) and G,, (closed
rhombus) were corrected to G,;' (open triangle) and G5’
(closed triangle). (a) azobenzene, (b) 4-aminoazobenzene, (c)
Naphthyl Red, (d) Solvent Yellow?7.
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Fig.4 Independent determination of urea-dye and water—
dye KB parameters. G,; (blue dashed line) and G,, (red
dashed line) were corrected to G4 (blue solid lines) and G,,,
(red solid lines). (a) azobenzene, (b) 4-aminoazobenzene, (c)
Naphthyl Red, (d) Solvent Yellow?7.
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Fig.5 Schematic image of the de-aggregation model in this
study.
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Table 1 Comparison of the values of the first and second
terms in the right-hand side of equation (8).
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