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Since the primary formulation by Young in 1805, liquid behavior on solid surface, especially at three-phase
interface including gas phase as well, has long been a topic of interest both as basic science and in various
engineering fields due to its considerable practical importance. A typical example where wettability plays a
crucial role is recent industrial printing technology, in which the required resolution has reached up to nanometer
scale in high-speed relief or gravure printing processes. Adding minute amounts of alcohol is a well-known way in
various industrial fields to radically change the wetting behavior of water. Unfortunately, because there is a lack
of detailed information on solid-liquid and solid-vapor interfaces, the wettability of water-alcohol mixture systems
cannot be consistently evaluated. The main objective of this study is to provide detailed analysis of the interfaces
and the interfacial tensions of water-alcohol mixture droplets by using molecular dynamics (MD), where methanol
and IPA (isopropyl-alcohol) were chosen as the alcohol components, and to validate if the wetting theory used in
the macro-scale is still applicable to nano-scale water-alcohol mixture droplets.

Simulations of single water, water-methanol or water-IPA mixture droplets on a solid surface were performed
with various mixture ratios. As a result, both types of alcohol molecules showed a strong preference to gather at
solid-liquid and liquid-vapor interfaces. At high mixture ratios, methanol molecules diffused well into the droplet
bulk, while IPA molecules spread out to the solid-vapor interface with almost no molecules dissolving inside the
liquid droplet, thus creating two very different mixture systems. Specific interfacial tensions were investigated
using quasi-one-dimensional simulation systems, and liquid-vapor and solid-liquid interfacial tensions were
found to decrease greatly due to the presence of interfacial alcohol. The droplets were treated using an idealized
model of interfaces with zero thickness and their interfacial tensions were assessed using data obtained in the
quasi-one-dimensional systems, which gave good quantitative estimation of the contact angle based on Young’s
equation, showing that the macroscopic wetting theory is applicable to nano-scale mixture droplets.

This paper is composed of the following seven chapters.

Chapter 1 provided background on wettability and the ongoing researches in the computer simulation field on
the wetting phenomenon of micro-scale and on water-alcohol mixtures, and stated the objectives of this research.

Chapter 2 described the outline and theory of MD method as well as non-trivial analysis methods used in this
research. Specifically, the handling of pressure and interfacial tensions in MD was described.

Chapter 3 dealt with the creation and analysis of water-methanol and water-IPA mixture droplets on a solid
surface. The density distribution profiles as well as the Laplace pressure in the droplets were calculated and
droplet wettability was evaluated using the contact angle.

Chapter 4 introduced quasi-one-dimensional water-alcohol systems. Systems with either planar solid-liquid
and liquid-vapor or only solid-vapor interfaces were created and the interfacial tensions were directly calculated.
Molecular orientations at solid-liquid and liquid-vapor interfaces were also investigated.

Chapter 5 had another type of quasi-one-dimensional systems to be used for thermodynamic integration, which
provided an alternative way to obtain solid-liquid interfacial tensions.

Chapter 6 used the data obtained in the previous chapters to confirm if the macro-scale wettability model, i.e.
the Young’s equation, was also valid for the droplets constructed in Chapter 3. Afterwards, the validity of the
method used to obtain solid-liquid and liquid-vapor interfacial tensions in Chapter 4 was investigated.

Chapter 7 summarized the obtained results and offered conclusions concerning the effect of alcohol additives on
water-alcohol mixture interfaces and the relevance of the macro-scale wetting theory on nano-scale droplets.

Outlook of possible future research was also provided.
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